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1 Smart Grid – The Global Context 

Prof. J.B Ekanayaka, Professor of Electrical & Electronics Engineering, University of Peradeniya. 

 

1.1 Economic Growth and Energy Demand 

Many countries around the world want to achieve sustainable energy future. First let's look at 

what has happened in the last two centuries. If you go back to all the way to 18th century, for the 

industrialization of Western economies we used mainly biomass plants to produce energy. Then 

there was an expansion of the global and local transport, where we started using fossil fuel - coal 

and oil. Then, with the unprecedented shift in the western living standard and the rapid 

industrialization in China, people started to increase the use of fossil fuel. When economies grew, 

energy demand also started increasing. Fig. 1.1 shows how energy demand has increased with 

the economic growth. 

 

 

 

 

 

 

 

 

 

Fig. 1.1: Economic growth and energy demand (million TJ) 
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1.2 Sustainable Energy Growth 

For the future, we would like to see that the curve is flattened and achieve sustainable energy 

growth as shown in Fig. 1.2. In order to flatten the curve, it is necessary to increase the energy 

efficiency of systems. 

 

 

 

 

 

 

 

 

 

 

Fig. 1.2: Sustainable energy growth 

 

We need to see a marked increase in the energy efficiency, which would be the result of 

technological improvements and behavioural changes. When we talk about technological 

improvement, there is a rise of electrification in transport energy sector, which brings energy 

efficiency. But more importantly, we want to see large-scale renewables in the generation of 

electricity. So, in order to see this, we need to look for the right technology to support renewable 

energy addition. Presently, renewable energy sources are dominated by solar and Wind. 

Cumulative installed capacity of wind in the world is around 740 GW.  
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1.2.1 Evolution of Wind Power Technology 

 

Fig. 1.3: Evolution of wind turbines 

 

Today, we can buy a 15 MW single turbine, and the picture shows the comparison of the size of 

a 15 MW turbine and the largest aircraft available. We can also see that, different technologies 

are being deployed in different times. We started with simple induction generator, and moved on 

to the doubly fed induction generator, and then the full power geared configuration as shown in 

Fig. 1.3. Today, we have the permanent magnet full power converter gearless, and we also have 

high performance superconductor based wind turbines. 
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1.2.2 Evolution of Solar Power Technology 

When we look at solar power, it’s around 603 GW as at today. Solar technologies can broadly be 

divided into two categories: wafer and thin film, and Fig. 1.4 shows these two different solar 

technologies. 

 

 

 

 

 

 

 

Fig. 1.4: Different solar technologies 

C-Si solar technology dominates the market, holding 80% of the market share. These 

technologies are capturing the solar market slowly. As shown in Fig. 1.5, in the multi-junction 

technology, it breaks the sunlight into different parts of the spectrum to make sure that it absorbs 

the maximum energy from sunlight. Silicon can extract power only from part of the wavelength, 

but for the low end of the wavelength, gallium indium phosphate layer can be used. Then, for the 

next layer, we use gallium arsenide and finally, germanium. By having multi layers you can 

achieve efficiencies closer to 50%. 

 

Fig. 1.5: Reflective coating of multi junction solar cells 
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1.3 Future Energy System in Sri Lanka 

The government plans to realize 70% of the electricity requirement from renewables by 2030, and 

CEB and SLSEA are working towards 50% renewable addition from 2020 onwards. If that 

happens, the solar PV capacity exceeds 1,000 MW. We will be able to see a large solar power 

generation like shown in Fig. 1.6 and all the other plants will have to be operated at minimum. 

You can see coal is going to be producing very minimum and operating the system under this 

kind of condition is challenging; particularly with the operating scenarios that we are using now, 

which is one-day ahead unit commitment. 

 

Fig. 1.6: Future electricity system in Sri Lanka 

 

When we use the one-day ahead unit commitment and economic dispatch, it's going to be difficult 

to predict accurately the amounts of wind power and solar power, which will be available next 

day. So, we may need to go for short-term dispatch. 
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1.4 Constraints in Electricity Systems 

 

1.4.1 Lack of Visibility in the system 

 

 

 

 

 

 

 

 

         

Fig. 1.7: South Australian Network – Maximum Net demand day 

 

Fig. 1.7 shows the energy demand in Southern Australia network way back in 2006; the daytime 

energy demand was around 963 MW. But with unprecedented increase in the rooftop solar, the 

minimum net demand day showed a demand of 62 MW in 2019. Now, this is a huge problem for 

the system operator because the system operator doesn't have the visibility to the local grids all 

the way to houses. So, it is very hard to maintain the right energy mix to supply the demand. For 

example, while the energy system is operating at this point, if there is a cloud cover, large plants 

will jump up and the system operator has to look after those sudden changes to maintain the 

system stability. 
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1.4.2 Demand Supply Mismatch 

 

 

 

 

 

 

 

 

Fig. 1.8: Demand-Supply mismatch 

 

This is a picture from the Japanese network. The red thicker is the demand and in order to 

maintain that demand, it is necessary to have a fair amount of storage. The Japanese maintain 

pump storage of hydro and batteries which can keep the energy stored and then use it during the 

peak hours. Nearly 1 GW of renewable energy is curtailed to maintain this balance. All in all, it is 

going to be very tough to operate the system without having enough support.  
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1.4.3 Scheduling Errors 

 

 

Fig. 1.9 - Scheduling error in the system 

There will be scheduling errors due to wrong prediction. Prediction is not an easy task. These 

prediction errors will create surplus of energy or deficit of energy. The other issue is cloud cover; 

which may create challenges for maintaining the second-by-second demand generation, which 

eventually needs the system operator to do large amount of research. 

 

 

Fig. 1.10: Reserve Capacity requirement 



14 
 

This is a study, not with 80% or 70% of renewables, but with 20% of renewables. You can see 

that if you are going to do the reserve calculations based on one-day ahead scenario, we are 

going to be maintaining large up and down reserves. Therefore, the advantage of maintaining 

short-term dispatch is that we can reduce reserve requirement for hourly dispatch. In many 

countries like Australia, UK, they operate markets and the market operates 30-minute ahead 

scenario. Therefore, if we are going to have 70% of renewables, we definitely need to change our 

operating scenarios and we should maintain short-term dispatch scenario. 

 

1.4.4 Voltage Rise in LV Network  

 

Fig. 1.11 - Voltage rise in LV network 

Another local issue is the voltage rise in LV networks. Fig. 1.11 shows a typical feeder in Germany. 

Early morning, the voltage of the feeder is around 1.1 point to 1.02 per unit and the feeder is 

absorbing power from the national grid around 1500 kVA. As the rooftop solar picks up, the power 

demand from the grid reduces and around 9.00 am to 10.00 am the power demand becomes 

almost zero and the voltage slowly rises with the increasing of reduction in the power demand 

from the grid. During the daytime, there is reverse power flow; the feeder generates power and 

feeds back to the network and the voltage has gone all the way up to very close to the statutory 

limit.  

In the graph, we can also see the effect of clouds and the cloud cover has suddenly brought the 

power to a deficit level and that will create not only a voltage variation, but also difficulty of 

maintaining the second-by-second balance. 
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1.5 What is Smart Grid? 

The system we have is, we have central generators like large coal power plants, may be a large 

wind farm. Electricity is transmitted to load centres, and then it is distributed to bulk customers 

and retail customers. That is the scenario before the smart grid concept. But, with more and more 

renewables adding into various voltage levels, the system is changing. Therefore, we have to 

change our network system to smart grid to cater to the present situation with renewables adding 

to the network at different voltage levels of the network. Smart Grid is the future grid.   

 

Fig. 1.12 - Electric power system 

 

1.5.1 Layers of Smart Grid 

Let’s look at the different layers of smart grids. We still have our network layer that will not be 

changed. We will have the transmission lines, substations and so on. On top of that, you will start 

seeing power electronics; there will be more and more power electronics coming on to different 

places in our network. Then we will start seeing renewable energy storages adding into our 

network at different voltages levels. We will also start seeing more and more sensors such as 

smart meters, modern type current transformers (CTs) and voltage transformers (VTs). 
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Fig. 1.13: Layers of Smart Grid 

We will start seeing more of measurement units connected to networks. Then we will have ICT 

layers. Different ICT protocols will come to be operated in different places. Then we will start 

seeing distribution automation and modern control centres. As we discussed before, while we get 

rid of many global issues in our network, our control centres will require to be equipped to take 

the responsibility. Within short time periods, smart grid should be able to integrate the demand 

side and supply side. 
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1.5.2 Definitions of Smart Grid 

 

The European technology platform defines smart grid as an electrical network that can 

intelligently integrate the actions of all users connected with the generators, to efficiently deliver 

a sustainable economy and secure supply. 

According to the US Department of Energy, smart grid uses digital technology to improve 

reliability, security and efficiency of the electrical system, from large-scale generation through the 

delivery systems to electricity consumers and a growing number of distributed generation and 

storage resources. 

A document published by the Department of Energy and Climate Change UK, defines smart 

grid as a grid that uses sensing embedded processing and digital communication to enable the 

electricity grid to be observable, controllable, automated, fully integrated (in inter-operable with 

the existing system and with the capacity to incorporate a diverse set of energy sources). 

In a nutshell, smart grid will enable  

 Real-time initialization of the network  

 Support and enhancement of the system security 

 Relieve system bottlenecks 

 Enable connectivity to consumers.  

 

 

1.5.3 Smart Grid to Overcome the Barriers 

1.5.3.1 Power Electronics  

One of the key components of smart grid is power electronics. Power electronics can easily relieve 

the system bottlenecks and support the network in many ways as shown in Fig. 1.14.  
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Fig. 1.14: Involvement of power electronics in smart grid 

 

For example, the voltage of system can be changed using static VAR compensators which 

are basically reactive power compensators. We can change the numerator, which is the 

reactants using the series compensators line, i.e thyristor control compensation. Angle 

between the two phases can be changed using the phase shifting transformers. On parallel 

to the traditional AC power flow you can add DC sources such as HVDC. Therefore, power 

electronics will play a key role in smart grid concept.    

In the UK, in order to meet the grid codes, any renewable energy plant needs to be connected 

to one of these static var compensator stat-coms; otherwise, they cannot achieve the reactive 

power requirements specified by the grid code. 
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1.5.3.2 Energy Storage 

 

 

Fig. 1.15: 120 MWh battery energy storage developed by Tesla in South Australia 

 

Energy storage is picking up. Fig. 1.15 shows 120 MWh battery energy storage developed by 

Tesla in South Australia; the graph shows how fast they can rectify any frequency diversion. 

Green line shows the frequency change and the yellow colour curve shows the output of their 

battery energy storage. So, it can react very accurately to follow the frequency. In fact, South 

Australia Planning Council has given permission to add 500 MW solar power projects with 250 

MW / 1,000 MWh energy storage. In California it is mandated for utilities to procure over 1,325 

MW of storage by 2024. With the decreasing price of energy storage, energy storage will play a 

key role in the future power market. 
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Fig. 1.16 - Rocasho wind power plant in Japan 

 

This is another real example for battery storage system. Fig. 1.16 shows the Rocasho wind power 

plant in Japan. The wind power plant is 1 MW, and it has a sodium-sulfur battery compartment of 

34 MW. 

 

Fig. 1.17 - Battery output vs. dispatch order 
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Fig. 1.17 shows how fast batteries can support the dispatch order. Dispatch order is the light blue 

curve and the yellow curve is the wind farm output, and in order to match the dispatch by the 

actual power output the energy storage needs to absorb energy. But, as you could see this energy 

storage is nearly two thirds of the plant capacity, which is a fairly big energy storage system. 

 

1.5.3.3 Sensors and Actuators 

Sensors and actuators will play a key role in the future. We will have smart meters installed in 

every premises and these smart meters will send measurements to a data concentrator in the 

network. 

 

Fig. 1.18 - Sensors and actuator systems 

 

Then it goes to the control centre, which will send various control actions to be done: it could be 

an electric vehicle. The charging & discharging pattern of electric vehicles could be changed; the 

consumption pattern or changing the temperature set point of air conditioners, all these come 

back to the houses, and the houses have home area networks to manage the commands that are 

coming from the local control centre. 
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1.5.3.4 ICT Infrastructure 

 

Fig. 1.19: ICT infrastructure 

Smart grid will play a key role in ICT infrastructure. We have already seen many new standards 

coming in. IEC 61850 is the main standard for local area networks, specially within substations, 

the Neighbouring Area Network and the Field Area Network are covered by IEEE 802. Zigbee 

and 6LoWPAN will basically cover the home area networks and neighbouring area networks. We 

can also use powerline communication IEE P 1901 for low end networks. There are standards 

and technologies coming in to integrate our power network to smart grid.   

 

1.5.3.5 Distribution Automation  

 

Fig. 1.20: Distribution automation 
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Distribution automation will play a key role. In Fig. 1.20, we can see pole-mounted sectionalizers. 

They can be connected through remote terminal units to either agent-based controller or the local 

controller. What this agent does is, it opens all the reclosers, these are basically sectionalizers. 

Then those are closed one by one to locate the earth fault section in the system. You can see 

that by this arrangement, you can restore the power to everybody while the faulty section is 

isolated. 

 

1.5.3.6 Distribution Control  

 

 

 

Fig. 1.21: Distributed Control through inverters 

 

Distribution control is done through inverters. We can always use inverters as static var 

compensators by generating or absorbing reactive power. IEEE 1547:2018 the latest edition has 

already given the requirement for these smart inverters depending on the active power 

requirement; how much the reactive power they should be able to supply in both absorbing and 

generating regions.  
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Fig. 1.22 - Distribution control through many smart inverters 

 

When we have many smart inverters with smart transformers, we can do coordinated voltage 

control of power distribution network and maintain the voltages with the statutory limit and reduce 

the power consumption.  

 

1.6 Conclusion 

 Many governments are expecting a sustainable electrical energy future by decarbonizing 

the energy sector.  

 One of the main choices for the decarbonizing the sector is adding more renewables  

 There are barriers for renewable addition and the smart grid, which is a collection of 

technologies could support overcome such barriers.  
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2 Smart Grid: Opportunities & Challenges 
Dr. Narendra de Silva, General Manager, Lanka Electricity Company (Pvt) Ltd. 

 

2.1 Overview 

The future of the world is defined and interpreted by four major trends, namely diffusion of power, 

demographic shift, individual empowerment, and food-water-energy nexus. Sociologists believe 

that large institutes and powerful institutes are crumbling down against which individuals are 

getting empowered. Everybody likes to believe that the world is rotating around them and diffusion 

of power on one side, and the individual empowerment on the other side. This is defined as the 

entire market segment of the world. 

On the other hand, the shape and the colour of our population are changing. The world population 

is growing and the urban population is growing. With all these, the shape and the colour of the 

society are changing, and there will be a massive transition from time to come. In addition, the 

entire world is under massive pressure regarding the environment. Food, water and energy are 

going to compete with each other in this limited resource, and by that, we are creating a 

pressurized world. The world’s power is at a transition, it's a society-centred transition and 

everything is under the pressure of resources. 

These four megatrends are going to define the future. Anyhow, with the loop by these four trends, 

it is very clear that the society and the world are going to be different. The challenges and the 

opportunities that are going to be there in the future are also going to be entirely different. Having 

that in place, engineers and energy managers have a question as to how that they are going to 

answer these questions. These questions are going to be tough, new, and difficult to answer. 

This particular point can be elaborated by the following graph.  
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Fig. 2.1: Use of transistors with time (in log scale) 

In this, the x-axis is the year and the y-axis is the number of transistors in the microchip. I would 

see that with the development of time, this is at a steady growth. But in this, the y-axis is in 

logarithmic scale; this could tangibly be understood by plotting the number of transistors on a 

linear x-axis as follows.  

 

Fig. 2.2: Use of transistors with time (in linear scale) 
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The transformation of the number of transistors from 2000 to 2020 is astonishing, but if the curve 

is extrapolated to 2040, it could be seen that the transformation to come is 10,000 times compared 

to what was there from 2000 to 2020. Technologies in 2000 considered to be dreams or as fantasy 

or science fiction have become a reality. Machine learning, Internet of Things, artificial 

intelligence, cryptocurrency, blockchain, robotics, driverless cars, virtual reality, 3d printing, all 

these things are to be on the verge of rising. If not fully developed, at least it is going to be 

substantially developed in time to come. In very short, these things are going to come into the 

market; these things are going to be realities of our world. Through this development, the energy 

transition has to be answered through these technologies. Therefore, the topic, how to address a 

transition through smart technologies is timely. 

 

2.2 Configuration of Smart Grid 

Smart Grid comprises primarily three things, the connected things/devices, network & the 

infrastructure, applications connected things & devices, infrastructure, and the users. The basic 

outline of smart grid is going to be less bold. It is required to understand exactly what are the 

components of a smart grid and what exactly that can be done and cannot be done, before 

understanding the challenges and opportunities associated with this. One step down, one will see 

that the devices are being connected to a communication network. These are either utility-owned 

or public networks and these networks bridge this relationship gap of data communication 

between these devices to a server. The server is the one that is doing data manipulation business.  

It extracts data from these devices and pumps into a database. This database is going to be the 

primary resource of this entire thing. It is a structured database, which is containing all the data.  

Then the next step is the applications. Those are applications that the consumers are going to 

use. This is the place where the entire value addition comes into the picture. The network layer 

comprises of Utility own networks built by the Electricity utilities, the mobile network operated VPN 

and the public Internet. The complete set of network comprises of the network layer, then upon 

which there are another set of tiles, enterprise resource planning service, geographic information 

system servers, Internet of Things servers, and application interface server are the ones which 

will open data to the public network.  

This server layer goes through the database layer. On the top Enterprise resource planning, 

geographic information system applications, planning applications, demand response 

applications, advanced distribution management systems, control centres, advanced metering 

infrastructures, mobile apps, web apps reside. Users interact with these applications.  
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This sort of tiled, but the layered structure is very important. Devices and data sources reside at 

the bottom of this structure. On the top, data consumers, utility operators, public users reside. 

Between these data consumers and data sources, there is a layer for handling data manipulation. 

Business data is emerging from these layers mature into information. How will this data be 

matured to information is the question of smart grid. So, we need to understand that the smart 

grid is not merely the extraction of data, but analyzing this data down to a point where decision-

makers and people who want to understand what's happening to get information.  

This particular thing is creating a data network, scattered across multiple application centres. Field 

staff, network control centre, data management centres are the individual elements, or these are 

the BoQ of the smart grid. This smart grid is residing on the electrical network. On top of the 

electrical network, the information layer resides; all the electrical equipment, people who are 

working have a footprint in the information layer. While they do their jobs, they do their services, 

they do the operations at the electrical network, they create a data footprint onto this smart grid 

layer, where their presence is being analyzed through artificial intelligence machines do data 

crunching and data analytics; big data operations to create information which has never been 

available on the grid. To face the energy transition effectively and economically, this level of 

information and transparency is necessary.  

The rest of the sectors are transformed. As of today, in Sri Lanka, the energy sector is lagging 

behind the other sectors, which have utilized these technologies far smoother and far efficient 

than the energy sector.  

The top layer comprised of two classes of people, one is the utility operators and the other is the 

consumers. The nature of the challenge is that these two classes are two different. Challenges 

faced by the operator of these two networks can be clustered. The operators control the data 

network as well as the utility to the network. 

 

2.3 Challenges in Smart Grids 

2.3.1 Device Management 

The first challenge the operators of these two networks face is Device Management. These 

devices are not the devices that operators are friendly of, fond of, and used. These devices are 

different class devices. So this device management, while managing the utility network is going 

to be a challenge. They need to be installed and they need to be managed. In this usage 
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management always changes are happening to these devices. A classic example is a meter. A 

meter has three IDs, the meter ID is there, the modem ID is there, and the SIM number is there.  

In addition, in the utility presence, this meter has an account number. Now, these four numbers 

are to be married. Sometimes, the meter is removed and kept some time in the stores and during 

that period, this meter can go to another place.  

Sometimes if the modem is having a problem, then the modem is taken out and replaced with a 

new one with the SIM.  There are situations where the SIM has to be changed due to coverage 

issues and new SIM procurement arrangements. So, when these things are happening, there is 

massive usage management otherwise, somebody's electricity bill goes to another person. So, 

these need to be very pertinently managed. The other one is removal, when the meter is burned. 

That removal process needs to be managed, otherwise these SIMs and these modems can be 

used for some other purpose. There may be times where the firmware versions to be updated 

and managed on modems and meters. These things are the challenges the operator face about 

devices. There is a substantial management aspect about maintaining these. The problem is due 

to a large number of devices. Therefore, carrying out these operations or management for these 

devices scattered all over the country, without having a very robust management system, is going 

to be a major problem. 

 

2.3.2 User Management 

Then the second thing is user management. Every electricity consumer will be a user. These 

users need to be authenticated. The individuals must have a password, they should have a 

mechanism of changing the password, it must be ensured that the person who logs in is the right 

person. These passwords cannot be hacked. And the consumers may change, name changes 

are happening every day, not in small numbers. People are changing houses, people are selling 

houses, people are buying houses. So, the account names are being changed continuously. A 

minute mistake in this can create an issue. When people changing their emails, the utility will find 

it difficult to deliver e-bills and other communications. Usage of official email is a typical example 

of this. Once a person vacates his post, his official email is deleted, while the utility sending an e-

bill to the same email address. 
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2.3.3 Data Management 

The next challenge is data management. A huge amount of data collected should be cleaned, 

buffered, recovered in a disaster situation. And this data needs to be properly indexed and 

warehoused and brought back where necessary. Not like in other organizations, the level of 

activities related to data management for a utility is extremely higher because utilities serve entire 

populations.  

So, these things are going to be massive, large databases, and the aggressiveness of this 

problem is quite a several folds compared to the others.  And there are some user-based 

challenges as well. One thing is the data processor, the prioritizing of data interchange 

management. If this data is siloed, within organizational contexts, it is useless. Data interchange 

management must also come. Data should be shared with other databases, but in an authorized 

manner. Users need to authorize the utility to share it by prioritizing their private data and the 

public data. In the national legal system, most of these issues are going to be enacted. Data 

needs to be just like another commodity or just like another property, therefore these data also 

needs to be managed. 

 

2.4 Opportunities with Smart Grid 

This particular thing called smart grid cannot be procured as a single unit. Engineers need to take 

the challenge and build by themselves. Implementing isolated systems is not going to create this, 

but that's going to create piles of data and an uninterchangeable set of data which is creating a 

massive monster on the network. It is not going to give the synergy and the scalability that is 

expected. It is the challenge and it is still the opportunity. It is the opportunity that engineers create 

for the public and the users. The engineers' job is to create opportunities for other people. The 

smart grid will also be a massive business opportunity for the business community in the country. 

Engineers should create that investment environment, that entrepreneurship environment, and 

then an innovation environment. 
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3 Smart Grid: Communication and Cyber Space Aspects 

Prof. Kithsiri Liyanage, Professor in Electrical & Electronics Engineering, University of Peradeniya 

 

3.1 Overview 

Communication is one of the main pillars that the smart grid pivots off. Here, I am going to discuss 

the background that makes communication to be an important element of the smart grid, the 

communication needs of various smart grid applications, and security concerns associated with 

it. 

The transformation of today's power grid to a smart grid would bring system changes and it will 

support sustainable development goals. Also, it can address energy security issues while having 

an impact on the society. If we observe closely, we will notice that from very basic energy metering 

to high-level energy management systems are going to go through major changes as a result of 

the smart transition. Most of these changes are going to take place at the distribution level. When 

the smart grid implementation matures, it envisages the utilities to get integrated with other 

energy-intensive sectors (e.g., transport sector) to create a more complex setting.  

It is to be noted that some of the system proposals that were envisaged and patented decades 

ago are now in the path of becoming reality or have become a reality. Now, this is what sometimes 

in some parts of the world is referred to as utility transformation from utility 1.0 through utility 2.0 

to utility 3.0. The characteristics of utility 1.0 are vertical integration of everything which we are 

very familiar with. Utility 2.0 will be unbundling different businesses and placing more attention on 

the environmental impact of energy generation and utility 3.0 will be taking a holistic view by 

integrating all energy-intensive sectors and operate them in coordination. That is going to be a 

much bigger system than today’s power system. Certainly, the optimization problems of the 

operation of such a system are going to be fairly complex, and it requires a lot of information, 

information exchange, and processing. Therefore, it is expected more and more information to be 

used in real-time for the operation of energy networks, as they get transformed into smart grid 

which is typically loaded with renewable energy sources that make power balancing more 

challenging. 
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Fig. 3.1: Smart grid (Yokoyama et.al. 2008) 

 

Therefore, when there is a fairly liberalized energy sector in operation, market structures such as 

forward, day-ahead, and balancing real-time, etc. can be seen. They are looking at different needs 

to supply energy, for instance short, medium, and long term. Operating in such a set of markets 

is not easy without a lot of information and information is going to play a vital role even if the sector 

is planning to operate within the market. 

 

3.2 Sustainability 

Sustainability is an important aspect. Integration of renewable energy is supporting sustainable 

development through reducing the carbon footprint of energy generation. As it can be seen here, 

for reaching the sustainable development scenario you have support coming from energy 

efficiency and through the integration of renewable energy. Both require information to be 

achieved or plan out operations to achieve the expected efficiency. Therefore, information is 

expected to play a vital role here as well. 

 

3.3 Energy Security 

Energy security is another aspect that is expected to come with smart grid transition. It can be 

seen that a properly planned integration of renewable energy can address any threats associated 

with supply cuts, reduce or mitigate the dependence on external producers and also make you 
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immune to the fluctuating prices. Allowing distributed generation like rooftop solar, the citizens 

can be placed at the heart of energy security through self-consumption. This is good as it creates 

local markets, where producers and consumers within the locality can exchange energy. Such 

scenarios are not only supporting energy security but also supporting reliability (i.e., due to the 

presence of distributed generation, the locality has immunity against failures in other parts of the 

system). For instance, during a natural disaster, even major power plants get tripped, the localities 

should be able to sustain the supply with a higher probability in a distributed generation scenario 

than it is now. However, such an operation requires a lot of coordination among system elements 

within the locality. Therefore, you need strong information exchange mechanisms. 

 

3.4 Impact on Society 

There will be an impact on society; transition to energy market with distributed generation would 

create the consumers to be producers. Once they become prosumers, they become market 

players. To take part in energy markets, they need to access a massive amount of information 

and have to interact with cyber systems interfaces. While consumers have to get involved in such 

activities, they will have concerns such as privacy infringement (e.g., accessing consumer usage 

patterns, etc.), cyber security, and IT literacy (i.e., whether every prosumer with different IT literacy 

levels have equal benefits). Then, on the flip side of the coin, some societies like Japan are 

contemplating to use this transition to take their society to the next level called Society 5.0.  

Let's try to get some idea about the distinct needs of information by stakeholders in a smart grid. 

It is known that stakeholders need timely information if they are involving with smart grid 

operations. The communication needs of different stakeholders in a smart grid will depend on the 

setting that they operate in as there is no universally followed structure. Different countries have 

different structures, though there are similarities. Therefore, stakeholder needs could vary 

according to the country or the city. If it is to assume a significantly regulated environment for the 

explanation of information need, in such an environment, players like consumers who are 

producing, retailers, distribution network operators, transmission network operators (i.e., those 

who will be providing ancillary services) can be seen. In addition to that, there will be a new set 

of players like aggregators, energy service companies, and regulators. In such a diversified 

environment, different parties interact in different settings. 
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3.5 Challenges in Data Sharing 

There are challenges associated with collecting data and sharing. Collecting data and executing 

commands may rely on end devices. Their reliability is highly important when they are deployed 

in critical operations. Since the system that we are talking about is packed, energy-dense, and 

geographically diverse; bringing data to central locations requires connectivity. And they are going 

to come through multiple nodes, and quality of service (QoS) is going to be an issue. By QoS, it 

is meant that the throughput, delay, and reliability. Some information requires almost close to real-

time (e.g., SCADA and control data). Other data will be able to tolerate a certain level of delay. 

When it comes to market-related data, you can support them through data exchange platforms 

that are not recommended for real-time applications. 

When sharing data, the data producer’s privacy is a critical issue. As previously discussed, the 

consumer’s load profile provides behavioural information, which creates the requirement to 

provide data security.  These kinds of concerns are related to communications and cyberspace 

activities associated with the smart grid. Data requirements by different actors in a smart grid 

environment are different. Table I shows the quality of service that is required for different 

applications (e.g., advanced monitoring and control, which involves SCADA plus wide area 

measurement systems). It can be seen that the data frequency is much higher in such systems. 

Furthermore, these systems need quite fast networks with lower latency. 

 

Table 3.1: Quality of service required for different applications (M.H.F. Wen et. Al.) 

 

Demand side management of course can be supported with services that are not as good as what 

is required for monitoring, control, and protection applications. It is evident that protection requires 

the highest level of quality. The reliability levels also change with the application. In general, when 

you deal with information; privacy, integrity, message authentication, and non-repudiation are the 

requirements of security. Privacy is that only the sender and intended receiver(s) can understand 



35 
 

the content of the message. The integrity means that a message sent should arrive in time at the 

receiver exactly the same way it has been sent, and nobody should in between modify it. 

Authentication is basically, to ensure the sender's identity where nobody can pretend to be 

somebody. Non-repudiation is that once you transmit a message, or once you have done a 

transaction, you just cannot say that you didn't do that transaction. 

 

3.6 Vulnerability to Cyber Attacks 

Utilities are pretty vulnerable to cyber-attacks. The most recent was the cyberattack on the 

Colonial pipeline in the US. Attacks on utilities are much more than expected; a recent survey has 

found that close to 50% of the utilities taken for the survey have undergone some kind of attack 

over one year. When it comes to security requirements, it is quite important to understand that 

the secondary requirements, the internet, and the smart grid are not the same. Smart grid requires 

much stringent security. For instance, authentication in most internet applications is not very 

accurate. The access control is not significant or may be not present at all. However, for the smart 

grid, access control should be enforced in all of the communication flows throughout the system. 

Attack detection is implemented on some critical nodes on the internet while it is essential and 

widely deployed everywhere in the smart grid. In the case of the smart grid, every device has to 

be protected and the security implementations should be there from the lowest possible level 

upward. In contrast, they can be implemented at higher levels on the internet.  

In summary, smart grid is a network consisting of a large collection of active elements, which are 

autonomous. A lot of information coming from those elements is needed to assess the state of 

the system. Therefore, information exchange is required. Information exchange associates with 

a lot of requirements such as protection to maintain privacy, tight QoS, etc. The security 

implementation in the smart grid is not the same as the security requirements on the internet. 

Therefore, careful selection of communication technologies and security requirements is vital for 

the reliable and secure operation of the smart grid. 
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4 DSM and Demand Response in a Smart Grid Platform 

Dr. Asanka Rodrigo, Senior Lecturer, Department of Electrical Engineering, University of 

Moratuwa 

4.1 Importance of Demand Side Management 

Nowadays, Sri Lanka is almost 100% electrified and electricity is considered a basic commodity 

that everyone demands. Therefore, a stable and reliable power supply is becoming the main thing 

that people need from the utility. If a stable and reliable power supply is needed, then by far the 

most important thing is to maintain the supply and demand balance, otherwise, there will be a 

frequency variation which can lead to an unstable and unreliable power supply. In supply and 

demand balancing, there is supply-side management and there is demand-side management. On 

the supply side, there are the generation, transmission, and distribution whereas, on the demand 

side, there are the end-user or the energy utilization.  In the generation stage, the operator has to 

consider unit commitments and economical dispatch of power plants whereas transmission and 

distribution networks are managed by looking at the system stability whether they are at under 

frequency or load shedding schemes. On the demand side, customer demand should be 

managed depending on the situation then only there will an optimum power system operation. 

This is overall how the power system is operated. 

 

4.2 Electricity System of Sri Lanka 

Sri Lanka has a very unique demand curve where there are three peak periods which are morning 

peak, day peak, and night peak. The morning peak is in the range of 1,900 MW and day peak is 

2,200 MW, which is also reaching close to the night peak value, and the night peak is around 

2,600 MW. But when attention is paid to how the operator is catering to this one the system control 

centre, they have the merit order dispatch schedule and in merit order, they have the marginal 

costs of power plants. The marginal costs can even be lower than five rupees per kWh whereas, 

there are certain power plants where their marginal costs are even more than 60 rupees per kWh. 

As such, there are vast disparities in marginal costs among many power plants in Sri Lanka. 

Depending on the availability and load variation pattern, there are different power plants which 

are catering to different periods of the day. Mainly, there are baseload power plants that operate 

24 hours, but at the peaking time, most of the intermediate peaking demands are catered to by 

combined cycle power plants and especially the night peak demand is catered to by hydro, gas 

turbine and the diesel power plants. Out of them, gas turbine and the diesel power plants are the 
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most expensive. Currently, these really expensive power plants have to be run mostly during the 

peaking time when customer demand reaches the highest level. The most important question that 

can be raised here is whether the utility can manage this peak demand in such a way that they 

do not get any requirement to turn on such really expensive power plants during the night peak. 

This is where the demand side management, as well as the demand response, come into the 

picture.  

Since there is always a continuous demand growth, capacity expansion is always required in the 

generation, transmission, and distribution which will involve huge amounts of investments. 

Therefore, to optimally manage these power systems, the most recent solution is reducing the 

demand by the demand-side management in such a way that the utility does not want to go for 

really expensive power plants and also, they can reduce future large investments for the 

generation as well as for the transmission. 

 

4.3 Importance of DSM with the Increase of Renewable Energy Integration 

Currently, most of the countries are moving towards renewable energy because the world is 

identifying that there is a global warming crisis which is contributed by fossil fuel-based power 

plants, and because of that, the world wants to replace these fossil fuel power plants with 

renewable energy. Now, if attention is given to the number of investments made for the energy 

sector all around the world, it is evident that a huge investment is expected for renewables from 

2020 to 2050. Therefore, the world is moving towards a future with more and more renewable 

energy. There will be always a certain amount of investments for biomass, geothermal, and many 

other types of options, but out of that, it is evident that the highest investment will go for solar PV, 

offshore and onshore wind. At the same time, there are a lot of investment opportunities for 

network expansion as well as to improve the reliability of the network. Introducing a smart grid will 

be a part of these future network expansions because smart grid makes the grid smarter and 

enable utilities to absorb a higher amount of renewable energy and thereby give them the ability 

to manage their power systems in a more reliable and stable manner.  

Now, new renewable energies like solar and wind are intermittent and therefore it is very difficult 

to forecast their generation and because of that, there will be an imbalance in the supply-demand 

relationship in a power system with higher levels of wind and solar generation. In such a network, 

sometimes there will be more generation than the demand, and sometimes there can be a 

situation where the demand is higher than the generation. Ultimately, that can lead to imbalance. 
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In such a situation, the next challenge is whether the utilities can manage their demand in such a 

way that depending on the situation, they can reduce or increase their demand to match their 

power generation so that they can eliminate power system imbalances. This is where demand-

side management and demand response come into the picture. 

 

4.4 DSM and Power System Management 

In the traditional network, all of us know that there are a lot of demand-side management options, 

some of which are already being practised in many locations and many countries. The most 

popular way is peak clipping. Obviously, during the peak time, as explained early, more and more 

expensive power plants are operated and because of that, utilities always want to reduce their 

peak demand. Therefore, they go to the peak clipping, valley filling and they shift their loads in 

the peak period to an off-peak period and also, they introduce certain flexible load shedding. All 

of these DSM strategies are there and those are well known and, traditionally, utilities around the 

world are practicing them. One other aspect that must be considered is that there will always be 

population growth and their living standard increases, so does their demand for more energy and 

electricity. At the same time, people are becoming more conscious of energy efficiency and 

conservation, and because of that, there will be a certain reduction in the power consumption as 

well so that both of these trends are there. Going away from the traditional way of thinking in 

power system operation, utilities can use demand-side management to manage their demand in 

such a way that it will not create any sudden imbalance in the supply-demand relationship.  

As shown in Fig. 4.1, if there is only a certain amount of generation and demand tends to go 

beyond generation, the system operator needs to switch on more power plants so that they can 

cater to the increased demand. Another option is, rather than switching on a new power plant, the 

operator can reduce this demand in such a way that the system operator does not want to dispatch 

new power plants so that they can manage demand with the existing power plant whereas the 

consumer will contribute to the power system operator by reducing the demand. This is known as 

demand response because the operator is responding online where the customers have the 

opportunity to take part in the system operation. Demand response is a subset of demand-side 

management where the customer has an opportunity to play a significant role in the operation of 

the electric grid. Demand response can mainly be categorized into manual operation, semi-

automated, and fully automated. Manual operation is done with human intervention where there 

is no involvement of automation but when implementing semi and fully automated methods, 

utilities get the requirement to introduce the smart grid technology. Therefore, utilities become 



39 
 

smarter when they go with the semi or even fully automated type of demand responses where 

they can optimize their power system operations. 

 

Fig. 4.1: Demand response 

Demand response is not a new idea. There are already many countries that are practicing demand 

response either at the fully commercial level or in the pilot level. One classical example is Japan, 

as shown in Fig. 4.2, Japan has already committed 1 GWh of demand response schemes where 

they are at the commercial level, where certain incentives are given to the customer to reduce 

their demand during the peak period. Such demand response schemes are operating successfully 

not only in Japan. For example, Australia already committed to a 600 MW of demand response 

programme, and the customers are getting benefits from it and also the utilities are also getting 

benefit by implementing these demand response schemes. Singapore is one of the leading 

countries that implemented these demand responses and they basically have implemented a 

sandbox type demand response scheme and they have been practicing that since 2017. At the 

moment in the USA, as per the IEA 2020 report, there are about 28 GW of demand response 

participation, and even in Germany, UK, and many other European countries, they have already 

implemented demand responses in different schemes. As per the 2020 IEA report, it is expected 

that there will be a huge increase in the demand response programmes by 2040. They predict 

that the total capacity of demand response programmes in the world will be double by 2040 

compared to 2018. 
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Fig. 4.1: Global demand response deployments 

Under demand responses, there are a lot of different schemes and those schemes can be 

subdivided into time-based or price-based schemes and incentive-based schemes. In time-based 

schemes some of the terminologies are very familiar to Sri Lankans such as the time-of-day tariff 

and critical peak pricing, peak day pricing and the peak day rebate or the peak time rebate, those 

types of different schemes are there for time-based demand response schemes. Similarly, some 

other countries are practicing incentive-based schemes as well as direct load control and 

interruptible and curtailable loads also known as IC loads, emergency DR programming, and 

capacity market programming. Likewise, many different demand response algorithms have been 

proposed by different researchers and different agencies. Therefore, depending on the situation 

and depending on the availability of the resources, these types of schemes can be implemented 

anywhere by the utility. 
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4.4.1 Adapting Demand Response to Sri Lankan Context 

University of Moratuwa has done a small survey about DR, where different types have been 

compared for adapting the Sri Lankan situation. Fig. 4.3 illustrates the preliminary rankings of 

those different DR schemes, their effectiveness, and how much investment is needed. Likewise, 

many parameters have been considered, ranked and categorized into different types of price-

based as well as incentive-based schemes. They have published a paper on these findings and 

proposed a demand response architecture for Sri Lanka, which needs to be discussed in detail in 

a wider forum.  

 

Fig. 4.2: Preliminary rankings of different DR schemes, source MERCon 2021 

When planning and implementing demand response schemes in Sri Lanka, system operators 

have to first look at who can participate in these demand responses. System operators can get 

the involvement of residential customers or SMEs and the buildings, as well as the industrial 

customers. All of these customer categories can participate in a DR programme. For example, in 

residential customers, there are a lot of hot water systems, washing machines, and air 

conditioners that can be used for the demand responses. In SMEs and the building sector, they 

have many flexible loads like air conditioning, ventilation or cold storage, which can also be used 

for the demand responses. Large industries like steel, paper can also participate since they have 

very big compressors, pumps, boilers, etc. where they can schedule their operations. 
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4.4.2 Automatic Demand Responses 

In demand responses, traditionally, it is known that supply and demand matching or balancing is 

done by the power system operator, or in Sri Lanka, it is done by the System Control Centre. They 

are the ones who will look at what will be the demand for the next 15 minutes and depending on 

that they advise power plants to get ready and generate their power accordingly. But, after 

demand response is implemented, especially automatic demand responses, or fully automated 

types of demand responses, there will be an additional entity which is identified as the Automatic 

Demand Response (ADR) system operator who takes the signal from the system control or the 

system operator and then ask the individual facility to switch off or curtail their loads depending 

on the requirements. Therefore, they are the one who is deciding the optimum arrangement of 

the demand responses that they give the signal to the individual facilities and the facilities will 

curtail their loads and the system operator or the demand response operator will operate that 

entire arrangement. In this case, it is evident that other than the traditional process of system 

operator there will be some additional entities, and sometimes in some countries, that additional 

entity is recognised as an aggregator so that the aggregator is there where they will aggregate 

set of loads and operate that set of loads depending on the requirement. Therefore, in this 

operation, there will be a decision-making hierarchy. Then the first thing that should be decided 

is whether the system operator wants to go for demand responses or not, specifically, whether it 

is more economical to start a generator rather than reducing the demand or whether it is more 

economical to reduce the demand or curtail the demand than starting a new power plant. That 

decision should be taken by the system operator which is the lowest stage decision making. Then 

if they decide to go for demand response, then the aggregator or the system operator should 

decide what is the most optimum plan for the demand responses and that should be informed to 

the facilities and the facility should work accordingly because there should be a certain contract 

between the facility and the system operator such that if they give a signal then the facility should 

reduce their demand and participate the demand responses. Then in the facility level there should 

be equipment level load shedding schemes depending on periods and their availability. Those 

are the factors they have to decide what is the facility level demand responses or facility level 

curtailing or the load shedding schemes so that it will be informed to the system operator as well 

after participating demand responses. Finally, once demand response is successfully executed, 

the facility will be compensated accordingly with the predefined agreement. This is the normal 

operation that is proposed with demand responses.  

In the Sri Lankan context, a study should be done to look at whether we are ready with this type 

of system. So, the first thing is, Sri Lanka has to be ready with the smart grids, because to 
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implement these types of demand responses, there should be a very good smart grid with smart 

metering and also the automated power system because the human intervention cannot be 

catered or cannot be done for this type of the system because with DR, the utility has to go for a 

more automated type of power system. Those are the technical matters that have to be solved 

first by the utility. As mentioned early, there are residential and SMEs, buildings as well as 

industrial consumers, where they can participate. But to get their participation, the utility has to 

make them aware and they should have the willingness to participate. Then, the utility should 

have a certain scheme and find out what are the most beneficial schemes for them and also there 

should be a win-win situation for all the stakeholders, mainly the utility as well as the prosumers. 

 

4.4.3 Consumer Participation 

In the future, there will be more and more prosumers who participate in these types of demand 

response programmes, and also there should be a regulatory framework for them, because now 

what Sri Lanka has is a vertically integrated power system where there are generation licensees. 

There are large numbers of generation licensees, they are selling the electricity to the 

transmission licensee and the transmission licensee is selling to the distribution licensees. This 

is a vertically integrated type of market structure. Therefore, as mentioned early, because the 

transmission licensees are catering to supply-demand relationships, if the utility wants to 

implement ADR, there will be an additional entity that comes into the picture which is known as 

ADR system operator. To facilitate that, Sri Lanka should have a good regulatory framework. 

Then only the stakeholders can make the contract with the customer, then the customer or the 

prosumer will participate in the demand responses or otherwise. With the current structure, there 

will be great difficulty in implementing these types of demand responses. Hence, there should be 

certain changes to the regulatory framework as well as in the energy market and the product 

design because, as mentioned early, if the utility wants to get the best out of these schemes, they 

have to minimize the system operation costs and create a level playing field where the many 

prosumers can come in and contribute to the demand responses. In addition, the regulator body 

has to formulate certain pricing schemes for those types of implementations in order to implement 

these types of activities. Awareness creation should be done on technical and regulatory aspects 

if Sri Lanka wants to implement these demand responses in a smart grid environment.  
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4.4.4 Importance of Stakeholders 

There are a lot of stakeholders involving in implementing demand responses. Thus, Sri Lanka 

has to develop either as the government or as the utility a demand response roadmap first and 

stakeholders have to work on that and then there should be a dialogue for the policy restructuring 

because as mentioned early, there will be new entities coming in and there will be transactions in 

between these new entities and prosumers. Therefore, the base structure should be developed 

and the necessary revisions should be done for the regulatory framework, and there should be 

research and development as well. The utility has to collect data about who will be the possible 

participant and what are their capacities. Therefore, the prosumers and also, the utility together 

with universities have to do certain research on what will be the optimum ADR scheme and also 

what are the best-suited price for those types of implementation by considering the local content 

and also, the regulatory body needs to support these types of activities. In addition, there should 

be more and more forecasting models for both demand forecasting as well as supply forecasting, 

especially when working with variable renewable energy, then, the utility needs to have a certain 

forecasting model to support the system operator as well as the ADR operator. At the moment, 

there are no pilot projects implemented for at least to check whether there are any technical 

difficulties or any other difficulties. Therefore, in the road map, Sri Lanka has to plan for certain 

pilot studies.  
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5 Power Electronics & Renewable Energy with Case Studies 
 

Prof. A. Atputharajah, Professor in Electrical & Electronics Engineering, University of Jaffna 

 

5.1 Background of Renewable Energy Situation in Sri Lanka 

Sri Lanka is blessed with an enormous potential for hydropower development and already 

covered almost all the major hydropower plants and also extracted most of the mini hydro power 

potential, except few low-head sites. Sri Lanka blessed with the wind power especially in north, 

northwest, central highland area and southern areas. But there is a fantastic wind power potential 

in the north and the northwest with high speed as well as smooth wind in the corridor between 

India and Sri Lanka, which is a very peaceful oceanic corridor. It's always very much blessed 

overall Sri Lanka with solar energy. Overall, Sri Lanka is blessed with excellent renewable 

resources.  

It is required to motivate everyone to extract more and more renewable energy in every possible 

way. When the world demand increases, generation also increases. Installation of renewable 

energy power plants was increased from 2003 to 2018 exponentially. The installation of 100 MW 

Mannar wind park was completed in 2020. Further, an enormous development of renewable 

energy is included in the CEB long term generation plan published in 2019. Therefore, 2021 

onwards, an enormous development of renewable energy can be predicted. It is planned to 

implement 250 MW wind power plant and 150 MW solar plant near Kilinochchi area, and other 

areas as per the CEB long term generation plan.  

As per the President's manifesto, it is meet 80% of electricity requirement from renewable energy 

by 2030. 40% of energy comes from hydro. Remaining 40% is supposed to come from the 

renewable energy sector. It is confirmed that the government is motivating towards higher 

penetration of renewable energy within the next 10 years. 

There are many benefits in renewable energy integration. Renewable energy projects are creating 

excellent business opportunities in the region, mainly wind power projects and private IPP 

projects. It creates excellent opportunity for the employment within the country as well as it's going 

to contribute to the GDP growth as well. These projects are economically viable due to the selling 

prices of renewable energy projects are lower than the CEB average generation cost. 
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5.2 Challenges in RE Integration & Development of Power Electronics 

There are many challenges with renewable energy for grid operators such as power system 

instability, reliability of power, power quality and also for independent power producers. Apart 

from social and environmental challenges there are technical challenges. As most of these 

challenges are falling under power electronics, power electronics developed together with the 

wind power generator technologies. 

Power electronics cleared some of the problems in the first generation of wind power 

development, which was based on fix speed. There is a very low bandwidth for speed changes 

in fix speed wind generators and operates in peak speed. Therefore, the major disadvantage of 

this type of generators is transmitting of the wind power fluctuation coming to the generator to the 

grid which results in voltage fluctuation, power fluctuation and stability issues. Then, people start 

hating further development of renewable energy power plants. When large wind power plants 

operate at peak speed, grid operators cannot keep up the wind power plant during a fault. Then, 

tripping of these large power plant creates issues in integrated operation. Therefore, there are 

strict grid codes to connect wind generators to the grid and wind power plant operator has to come 

with some additional devices like stat-com or static var compensator together with a breaker to 

continue their operations. 

 

 

Fig. 5.1: Fixed Speed Induction Generator based Wind Turbine 

These challenges overcame by research and development in wind generators. and innovated the 

second generation of wind power plants with variable speed drives. Induction generator rotor 
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terminals were opened and introduced some resistors at rotor terminals and these resistors are 

controlled by power electronic devices and varies the external resistor value. Then the torque-

speed curve was stretched from blue curve to red curve in Fig. 5.2. It increases the speed range 

and the pull-out speed is having an increased operating range. Then it can operate a little bit 

longer or wider spectrum of speed by losing some power in the resistor.  

 

Fig. 5.2: Torque speed curve of Opti-Slip induction generator 

Second generation of wind power technologies together with the power electronics has given 

some relaxation. However, it is not up to the requested standard by utilities.  

Then third generation of wind power generators came and whenever the rotor circuit is open, it is 

connected to the grid through the AC-DC, DC-AC converter, which is called double-fed induction 

generator. Induction generator feeding to the grid through the stator circuit as well as rotor circuit. 

Double-fed induction generator has advantages of shifting the torque-speed curve entirely from 

top to bottom as per Fig. 5.4. It increased the speed ranges. It was possible to eliminate the 

voltage fluctuation and improve the stability a little bit more and to achieve the maximum power 

extraction. For the maximum power extraction for a specific wind speed, blades have to be rotated 

at a specific speed according to the blade design. Then only the maximum power will be extracted 
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from wind and transformed to mechanical energy, and then to electrical energy to be supplied to 

the grid. It is needed to force the blade to operate at a specific speed for a specific wind speed 

especially rotational speed of the rotor for maximum power extraction.  

 

Fig. 5.1: Double fed induction generator schematic 

Whenever power goes through the rotor circuit, the speed will automatically increase or decrease 

and finally, come to the required speed corresponding to the wind speed and it allows to extract 

more power from the wind.  

The latest generation is called full converter based wind turbine generator technology, where the 

AC component is completely converted to DC and then DC to AC and the entire power goes 

through the power electronic circuit (AC-DC DC-AC converter). It is called full range or full 

converter operation. Generators of this type have a bigger advantage of decoupling the wind 

generator operation from the grid operation by a capacitor. Only coupling in these generators is 

power. It is possible to add a battery energy storage to the system and to bring down the speed 

of the generator to much low levels because of the decoupling. Therefore, power extraction at 

lower speed also possible. Further, any kind of full condition, it is possible to allow the speed to 
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go up as well because it is a decouple operation and within that control capability it can increase 

the control capability much more than the early three generation technologies. There are multiple 

advantages of this technology as listed below, leading to more potential in wind power attraction. 

i. It becomes a little bit more comfortable and it is almost smooth power; 

ii. Power fluctuation is eliminated/reduced to a much lower level; 

iii. Flicker is reduced; 

iv. Stability is improved; 

v. Lower wind power extraction is possible.  

 

Figure 5.2: Full converter based wind turbine technology 

 

5.3 Improvement of Wind Power Technology with Power Electronics   

As per the top graph of Fig. 5.5, wind power generator without power electronic interference began 

fluctuating power which is represented in first half of the graph and second half of the graph where 

the power electronic is activated, that become smoother. Fast fluctuations can be eliminated using 

power electronic interface. First, it can dump the fluctuating power into the energy storage using 

power electronics which is little bit expensive. The second, there is a high mass rotating in the 
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turbine blades and rotor and that can be used as a flywheel, whereby kinetic energy can be 

distributed whenever the power is less. 

As per the bottom graph of Fig. 5.5, reactive power is fluctuating without power electronics 

interference. Reactive power can be bought to zero using the power electronics interface. Hence 

there will be no fluctuations. As a result, power quality improvement can be achieved, as the case 

one, it is possible to shift the torque speed curve in double fed induction generators and full range 

converter-based wind turbines and achieve a larger spectrum in speed variation. Then 

fluctuations can be easily removed by storing the extra energy in the rotating blades or dissipating 

the extra energy from the rotating blades.  

 

Fig. 5.3: Power quality improvement of wind power using power electronics 

Once you eliminate the power fluctuation, then voltage flicker and other fluctuations will be 

eliminated automatically and power quality will be improved. Storing energy into the energy 

storage or battery energy storage or the DC-link capacitor can be done. But those are little bit 

expensive. If it is a fixed speed generation as a large wind power plant, an additional shunt device 

can be connected as a static synchronous compensator (STATCOM) or STATCOM with battery 

energy storage or static var compensator to eliminate the power fluctuation. STATCOM with 

battery energy storage can maintain the grid voltage and the grid current. It is possible to maintain 

unity power factor and also constant power can be pumped to the grid irrespective of the 

fluctuating component comes. Fluctuating component will be transferred between STATCOM, 
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battery energy storage and the wind turbines. Control concepts are working as above to eliminate 

fluctuations or improve the power quality using power electronic devices with latest technologies. 

  

5.3.1 Use of Power Electronics to Improve Stability of Wind Power 

Torque speed curve of a wind generator is presented in Fig. 5.6. The stable generating operation 

region of a wind generator is marked in the blue colour circle. The second-generation wind power 

technologies will spread the wind turbine torque slip curve by stretching the torque slip curve using 

Opti-slip and enhance the operating region of the stable operating region. Then the pull-out torque 

is going further away from low speeds. Therefore, the generator can be operated in little bit large 

speeds and stability can be improved. Torque-slip curve can be shifted in third generation and 

fourth generation wind generators using power electronics and an enhanced operating region can 

be obtained. Parallel (shunt) device can be put for first generation wind generators, basically a 

stat-com which is made of total of power electronics with the battery energy storage or breaker 

resistor. During a fault, excess power cannot be transferred to the grid. Therefore, extra power 

can be dumped to the breaker resistor while the stat-com can pump reactive power. These three 

ways will improve the stability with the help of power electronic circuits.  
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Fig. 5.4: Speed torque curve of a wind generator 

Power electronic circuits help to extract more power from the wind. Double fed induction generator 

(third generation of wind turbine technologies) or the full range induction generator or (fourth 

generation of wind turbine technologies) can play a major role in extracting power.  

Maximum power extraction curve of fixed speed generator is presented in maroon colour in Fig. 

5.7. Maximum power extraction curve of double fed induction generator is presented in purple 

colour in Fig. 5.7. It can extract more power using double fed induction generator in lower wind 

speed and high wind. Double fed induction wind generators are little bit expensive than fixed 

speed wind generators. But energy extraction is high in double fed induction wind generators. As 

an example, 4,380 MWh per year can be extracted from a 1 MW turbine, in Narakkalliya, 

Nikaweratiya areas using fixed speed wind generators. But double fed induction generators can 

extract 1,000 or 1500 MWh more. Energy extraction is more in double fed wind generators 

because its power electronics bring the rotor speed very close to the maximum power extraction 

speed of the specific wind speed. Hence, it is able to extract more power in low wind speeds as 

well as in high wind speeds. However, power extraction is different in different types of generators, 

and it is site-specific. Therefore, suitable wind generation technology should be selected through 

cost-benefit analysis including life cycle analysis.  
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Fig. 5.5: Increase of power generation in Double fed induction generators 

 

5.4 Use of Power Electronics in Solar Applications 

Basically, the solar power converters connecting the grid and the solar power panels are called 

grid tie converters. Grid tie converter is a DC to AC converter. Sometimes it has a DC-DC 

converter and then a DC-AC converter. DC-DC converter is used to match the solar panel DC 

voltage to the DC link voltage of the converter.  

Integrating solar power plants through DC-AC power electronics can be modelled using grid 

terminal voltage, coupling reactor which come as an inductance and a sinusoidal synchronous 

generator model as presented in Fig. 5.8. This model can operate in all four quadrants. It can 

inject active power and absorb reactive power or inject active power and inject reactive power or 

absorb active power and inject reactive power or absorb active power and absorb reactive power. 

This power electronic device has operation of all 360-degree control and anything can achieve by 

properly fixing the operating point at the correct quarter. It is always possible with the fast 

operation of power electronics. By changing the operating point, it is possible to block the power 

of solar plant and extract maximum power from the solar plant. Operating point of the inverter can 

be changed by simply varying the DC link voltage at the solar panel. If the power injection is 

reduced, the DC link voltage will automatically increase. If the power injection is increased, the 
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DC link voltage will automatically decrease. That is the way of DC link voltage is balanced 

according to the power injection and adjusted to bring it to the desired value. DC link voltage plays 

a major role on all possible control operations to get the maximum benefit out of the solar panel.  

 

 

Fig. 5.6: sinusoidal synchronous generator model of a solar plant 

Reliability issues are the major issues which cannot be done independently from the renewable 

energy power plant alone. It needs some kind of a hybrid operation, which means those need to 

operate together with other power plants available in the system. It is possible with the supervisory 

level control through smart grid. Smart grid plays a major role in monitoring of power plants and 

transferring signals to the control operating centre internally. The control operating centre can 

decide the required amount of power from each power plant. It will be easy to control the 

supervisory level where the smart grid will play a major role. Power plants will bring the power 

quickly to the set value or reference value of the power injection whenever the control centre 

requests the required power that needs to be supplied from the power plant using power electronic 

operations. 
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5.5 Integrating Renewable Energy Power Plants with Conventional Power 

Plants 

The smart grid concept plays a major role on supervisory control or integrating old power plants 

together with the renewable energy power plants. Reliability of only renewable energy power 

plants is challenging. Hence, it requires some hybrid operation or combine operation with other 

power plants where the reliability can be maintained. It has to be studied very carefully because 

the other pull up power plant may have different power purchase agreements. But all has to be 

studied in the centralized operation by CEB. These generation technologies can bring renewable 

energy power plants closer to the conventional power plants in terms of power quality 

improvement, reliability improvement or stability improvement or energy attraction. But 

importantly, it is for a short period of time only. If it is required for a longer period of time, combined 

operation with other power plants needs to be considered. At least this short period of time of 

becoming like a conventional power plant, minimize or relax the power grid operators by avoiding 

some fast transient challenges.  
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6 Question and Answer Session 
 

Q1 - Mr. Lilantha Neelawala 

Are there technologies (practicing in other countries) to modify the old baseload plants such as 

coal plants to improve the ramp up/down capabilities allowing more renewable integration?  

Answer - Prof. Janaka Ekanayake 

As previously mentioned in one of the slides that UK coal power plants are daily cycled. They 

cannot ramp up/down that much quickly, but we wouldn’t switch them off.  It is not believed that 

you can make them to be flexible to match with the variability or intermittency of renewables. They 

can only be operated with some restrictions. Many countries are working on carbon capture and 

storage from these plants. They can be operated as more sustainable plants compared to current 

coal power plants. The cost will go up with whatever the changes done. 

 

Q2 - Dr. Tilak Siyambalapitiya 

Sri Lanka is a country which customers do not pay the total cost of electricity. Even PUCSL has 

mentioned that the approved cost of electricity supply is about Rs.22. But customers pay an 

average of Rs.17 for electricity. 

In other countries, who are paying the additional cost for renewable energy in other countries? 

Answer - Prof. Janaka Ekanayake  

In other countries whether it is renewable or conventional plant, they are in a market. There are 

certain mechanisms to support, for example, in UK has renewable obligation certificates, 

Germany and other European countries have feed-in tariff. But they are slowly trimming down 

these subsidies and finally these plants are competing neck to neck with conventional plants. It 

does not seem that anyone is paying this additional cost whereas the plant has to make sure that 

they can operate in a profitable way within the common market. 

 

Q3 - Mr. Lilantha Neelawala 

What are the capabilities of inverters to control voltage rise without curtailing? 

Answer - Prof. Janaka Ekanayake 

Voltage drop in a line is driven by four parameters: active & reactive power flow in a line and 

resistance and reactance of the line. The equation that follows ∆v which is (active power x 

resistance) + (reactive power x reactance). But in LV networks specially where we have rooftop 

solar, the resistance of the networks is higher than the reactance. So, if you are to reduce the 

voltage you have to play with the active power. Smart inverters have the capability of providing 

reactive power and also curtail active power, even with the full reactive power capability as defined 
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by the IEEE 1547 2018. Sometimes in some networks you will never be able to reach the voltage 

in the changes that is anticipated in LV networks. So, there is no choice other than reducing the 

active power. But to a certain extent you should be able to play with the reactive power. The other 

main problem is with isolated inverters. They don’t talk each other. So, you can leave them on a 

droop. But droop controlling may not be the best to have the coordinated voltage controls. So, 

you may need more infrastructure: ICT network to talk each other, etc. and that is going to add 

cost. For a country like Sri Lanka, the simplest approach could be utilizing the active power of 

smart inverters, make them to operate on a droop and if you can’t work on the reactive power use 

the active power curtailment. Most of the inverters that we are having in the country are not smart 

inverters. In the sense that they are smart inverters, the inverter manufacturer has not given the 

controller. We have to pay separately for that. 

 

Q4 - Mr. Athula Wanniarachchi 

Compared to other primary needs of the society such as health and education, having a high 

penetration of VRE in a short span of time, should it be a priority? It will require very large 

investments on new transmission capacity, possibly from north to south where the areas are 

resource rich with regard to wind and solar, which obviously requires additional investment. All 

the published information says that the electricity industry is running at a differential income to the 

extent of about 30%. Where is this additional investment going to come from? In a situation where 

renewable energy comes at a fixed price, there is no any competition on the supplier side, 

suppliers are continuously asking for fixed prices and when we look at the data, it shows that the 

average price of small-scale distributed renewable energy comes at a price of about 18-25 rupees 

and probably not more than 2-3% people in the country pay anything more than that. On top of 

that cost of the grid. How do we reconcile this situation where people want modernity, government 

wants modernity and academics also would support that, but nobody is willing to pay for it? 

Answer - Dr. Narendra De Silva 

I think as far as the primary needs of the society are concerned, definitely renewable energy does 

not stay anywhere near the primary needs that we are talking of. Specially, as a middle income 

or poor country probably our needs are quite significant than getting ourselves greenified. So, 

there is no question about that. But the question is actually this community is scattered. What I 

feel is the difference in distributing the resource is the issue. People who claim renewable energy 

and these fancy ideas, is not that the people lack their food or education. So, my way of looking 

at is, renewable energy is more than a number or a requirement. I feel it is more related with the 

freedom and availability of the opportunities. I strongly believe even if that we are going to get this 

solar and other thing enabled into the grid, they are not going to come in the magnitude that we 

consider that as it will become an economic raise. What I feel is, opportunity should be given, but 

definitely that opportunity should be controlled and managed. It is no difference to engineering 

education. Opportunity should be available but should be managed. It’s not that everybody is 

going to be an engineer and flood the market with engineers. But still the opportunity should be 

available. So, I think what the biggest public crisis is not related to magnitude and the quantum, 

but related to that they look at it as more like liberal grid sort of an idea. Eventually energy equity 
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and liberalization of energy is also a topic. We need to appreciate this particular aspect in that 

sociological context. 

 

Q5 - Mr. Charles Wickramaratne 

Will the DSM measures implemented along-with the smart grid implementation put a stroke to 

using petroleum fuels in power generation? Will these new techniques assess Sri Lanka to 

manage generation in such a way that we are helped to do away with the use of petroleum fuels? 

Answer - Dr. Asanka Rodrigo 

When you look at the petroleum fuel or petroleum power generation there will be certain amount 

of petroleum-based power generation, for example Sri Lanka is planning for LNG as well as there 

will be coal as base load power plant, anyway those base load power plants should be there. We 

can easily eliminate the power plants which are contributing for the peak demands; like expensive 

diesel power plants as well as gas turbine power plants those types of thing which are contributing 

to peak load can be easily managed with these types of demand responses and DSM activities. 

But I don’t believe that we will be able to fully eliminate petroleum power plants because there are 

certain commitments, and those commitments are there for longer time period and normally those 

contracts are for 20-30 years. Because of that they will be there, and even with implementing the 

demand responses at the moment we will not be able to fully eliminate the thermal or fossil-based 

power generation. 

 

Q6 - Dr. Tilak Siyambalapitiya 

Would you think that Sri Lanka’s DSM and DR activities are really very preliminary? in fact my 

assessment is that time of used tariff is perhaps the only thing we have done for ever to at least 

indirectly implement the DSM. What is your view about the utility response and regulatory 

initiatives and what more can be done to perhaps within the framework of the situation we have, 

which I mean that people are not willing to change and people are not willing to pay anything 

more. If we say we accept this situation is there anything that can be done more than the simple 

time of use pricing to take a step further on demand side management and demand response. 

Answer - Dr. Asanka Rodrigo 

We are still at preliminary stage of these DSM activities as well as demand responses. Of course, 

as I know we are not ready with the demand responses but there are certain activities already 

done by the intervention of Sustainable Energy Authority. Prosumers’ acceptance is one of the 

key elements and also the regulatory support should be there; for example, when you look at the 

eliminating of inefficient incandescent lamps and replacing them with high efficient lamps. If you 

take that type of a program, there was a very limited support from the agencies and other parties 

or stakeholders. The willingness as well as acceptance from the customer and many other 

stakeholders is one of the key elements. We can do that by educating people, showing the benefit, 

and certain types of regulatory activities can also support these types of things. Because initially 

as you said very clearly always people are little bit reluctant to change. They are happy to be on 
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their own way so that even though there is a huge benefit sometimes, people are reluctant to 

change. That can be done by educating, showing them benefit, making awareness and also by 

offering certain incentives for going for this type of demand side management as well as demand 

responses, which will also help to manage the power system. 

 

Q7 - Mr. Charles Wickramaratne 

How the security of data in smart grids could be protected when there is a heavy competition of 

the system administration (competition among data service providers) and in a situation where 

professionals may not be handling it; and the utilities and consumers may not be protected well? 

Answer - Prof. Kithsiri Liyanage 

Protection & security is something which should be brought into the system at the design level. It 

should be well thought about strategies which should be basically blazed.  Some thing we can 

actually think about is vulnerability analysis; then think about having a well-planned intrusion 

detection mechanism and early warning systems. Because, unlike the normal internet a single 

device coming under the threat can create lot of damage. Therefore, as I indicate in my 

presentation also these comprehensive security measures planned from the design level is a way 

to secure the smart grid operation. Definitely challenges are enormous. Because it’s opening up 

to every customer. Communication is opened up to millions of people. There are doors 

everywhere. Therefore, having different tiers of network is another strategy people can think of. 

But the fact is that in spite of every technology, we are seeing in United States pipelines are being 

attacked. Basically, it tells that more and more technology should be developed and existing 

technologies should be deployed with lot of understanding. 

 

Q8 - Mr. Akila Jayasinghe 

Smart grid (SG) applications are a broad network comprising of huge networks and protocols. 

Wireless Sensor Network protection and privacy must be carefully considered. Most importantly 

ensuring customer privacy is a must in SG applications. What are the recent technological 

advancements for these security issues in SG networks? 

Answer - Prof. Kithsiri Liyanage 

This privacy issue was there from the beginning. Some of the things some people are doing is 

that before you actually share them aggregation of the data so that identity cannot be explicitly 

observed. So, such approaches are there within the system or anonymization another way of 

protecting the privacy. It is a challenging task, but some of the current approaches are what I have 

mentioned. 
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Q9 - Dr. Tilak Siyambalapitiya 

Some people are visualizing a situation where each and every customer will be a prosumer, and 

the grid will be adequately strengthened so that there is an operational flexibility. Each and every 

customer will be a seller as well perhaps some Uber like arrangement. If you have additional 

storage in your car, or at home or factory, you will be able to sell it online to anybody who wants 

to purchase energy from you. Do you also visualize that kind of an arrangement in the not-so-

distant future? 

Answer - Prof. Kithsiri Liyanage 

It depends upon the national intentions. Some countries are already talking about V2G operation; 

some are actually test runs. It depends upon the country’s economy; when customer strengths, 

these things might come to the system at different phases. So, it is completely country dependent 

I believe. There may be places you see similar things coming in soon. At some places you might 

see some delays in coming such things. Of course, people becoming producers might happen at 

a much faster rate than operations such as V2G kind of operations coming into the system. That’s 

my basic vision of what’s going to happen. 

 

Q10 - Mr. Shyam Pathiraja 

Subsidized energy due to govt. decision and cost of generation are two different things that should 

not be mixed up. What is to be considered is the generation + transmission + distribution costs of 

each resource accurately? 

Answer - Dr. Narendra De Silva 

That doesn’t happen in any other market. That’s an extremely complicated way of looking at the 

costing aspect. When you have a rise coming into the market, we don’t try to categorize that into 

sources unless they are having different quality or different characteristics in the market. What I 

buy from the distribution bus is just energy. So, individual sources will have a cost at the 

generation bus, but segregating them into distribution and transmission bus is a question. 

 

Q11 - Dr. Tilak Siyambalapitiya 

There is a source of energy which is intermittent and seasonal, and it has a cost; let’s say X. How 

should we assess the value of X when it reaches the average customer? Because there is a fixed 

cost of the system which is the cost of supporting the system with spinning reserve, as well as 

generators to run when seasonality becomes a problem of the renewable source including 

nighttime support for solar PV. Secondly, the transmission network keeps everything together 

including the distribution network. Isn’t it fair to add just one number that represents everything 

that needs to be paid for to keep that generator going? 

Answer - Dr. Narendra De Silva 
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Exactly what I think is, this question comes in two aspects. At the generation bus there are two 

costs. Cost of energy and cost of the grid services. When solar is being added at the generation 

level, it creates an additional requirement of the grid services. We need some more services 

coming onto that bus as grid services in maintaining this intermittent resource. On the other hand, 

when this sort of energy is being added at the distribution bus, the transmission cost is reduced. 

The question arises is solar supporters have a feeling that the reduction of the transmission cost 

is not being attributed with solar, but only the cost of the grid services. So, looking at solar there 

are two aspects, solar can be added at the generation bus, or it can be added at the distribution 

bus as a distributed resource. When it comes to the distribution bus, transmission cost should be 

taken off. But issues pertaining to intermittency and issues pertaining to voltage rise whatever the 

technical cost in mitigating and maintaining the system as usual need to be supplemented to the 

solar at the distribution. When we have a single term ‘solar’, it mixes up things. Solar at the 

distribution level is one aspect. Solar at the transmission level is another. Solar at generation bus 

is another issue. Solar at the generation bus needs to be supplemented with the cost of grid 

services. Solar at the distribution bus should be reduced by the transmission cost, but be added 

by the issues pertaining to the voltage. I think that is where this problem is coming in of 

segregating resources and costing individually. I think it’s more of costing various aspects of the 

network. Costing grid services is one aspect, and costing infrastructure based on a particular plant 

is at the other end. The usual and traditional way taking care of this issue is that we take the 

problem, identify the point at which the problem occurs, give a solution at that level of the grid. 

 

Q12 - Dr. Tilak Siyambalapitiya 

Sri Lanka’s distribution network reports about 100 tripping per customer per year and about 100 

hours of outage per customer per year. This is the order of magnitude. I think CEB and LECO are 

not much different except in the city of Colombo in distribution. As a distribution engineer, do you 

consider this as a fantastic reliability or poor reliability? 

 

Answer - Dr. Narendra De Silva 

There is no question, it’s a very poor reliability. We are very concerned and worried of this 

particular number. Problem is we are striving hard while having this overhead network, while 

having this urbanized environment through which we are having our overhead line, we are 

struggling to reduce this number as much as possible. Interactions with attacks, animal 

interference are continuously increasing. Urbanized issues like vehicle accidents are putting a 

huge pressure on us. This is a very challenging and uncomfortable situation for us. We know that 

customer’s point of view is also extremely disturbing. Now we are coming to a point where 

everybody is converging into a point that the topology of the network needs to be changed. Either 

we have to go for overhead bundle conductors or underground cables. But the problem is 

infrastructure in the country; the urban environment is not fully grown yet. Because of that, unless 

we have this utility corridors sort of policy decision, having this advanced development of 

distribution network will put us into an even difficult situation. This looks like we are struggling with 

two ends; one side is reliability other side is flexibility. Most flexible grid is not reliable at all. We 
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have to strike a balance somewhere. In that context country’s urbanization and urban stability 

also matter. What I feel is it’s a more threat that environment is forcing on us and the disturbance 

which are coming from other social aspects. 

 

Q13 - Dr. Tilak Siyambalapitiya 

Data I have, indicates that in 2018 as well as in other years, there were 10 under-frequency 

tripping in stage 1 and 3, and propagated right up to stage 5. Which means 3 times in that year 

almost 40% of customers lost electricity supply because the power system went into a frequency 

transient. In addition, there have been 305 frequency violation events. Is this a good situation or 

are the other countries facing a stage 1 frequency violation? Should we be planning to improve 

this, or should we be planning to live with this? 

Answer - Prof. Janaka Ekanayake 

In other countries like UK, even though their statutory requirement is ±0.5Hz they are trying to 

maintain the system frequency at ±0.2Hz. They don’t let the systems go beyond that small 

window. Again, when you are having more and more renewables, there are two consequences. 

One is the visibility issue, especially when you start seeing renewables on LV end, the system 

operator will not see it. He will have to maintain higher reserves to balance it. On the other side, 

it is an issue of the dropping in the inertia of the system. Renewables will not add an inertia 

because of the power electronic interface. Of course, there are ways that you can get inertia from 

power electronically controlled devices, but they are not being considered in our system. In order 

to prevent such frequency events obviously system operator has to run more lightly loaded plants 

spinning them unnecessarily. Or we have more energy storage. But both are expensive options. 

In some countries, some research projects are going on. Their question is the same as your 

question. Why should we try to be at 50? 50 has come due to a traditional reason. The British 

colony mainly uses 50 whereas some American country uses 60. There is always a possibility of 

operating at any frequency, particularly when we have a power electronic interface. Because, 

what we do is we convert into DC whatever the frequency on the grid side doesn’t matter and 

then invert them back to whatever the high frequency that we are operating. So, hypothetically 

frequency is not a governing factor, but it is because our operating scenario is governed by the 

frequency, frequency need to be maintained. We are using the frequency as communication 

signal. So, if that frequency changes our plants know that either automatically or by other means 

something is going on in our system. If we have overlaying very good ICT infrastructure, we don’t 

need to use frequency as our communication parameter. Talking about future, we can just live 

with any frequency. But for the time being, I think we need to do something with any frequency 

variations. 

 

Q14 - Mr. Chaminda 

It is learned from the CEB generation expansion plan that we will be significantly promoting solar 

PV in the coming decades. However, it will not solve the peak demand matters and we will have 

to still keep adding new coal or LNG plants. In this backdrop, how the expert panel think about 
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the suitability of a domestic scale wind power generation program (1-2 kW) to be promoted island-

wide, similar to the PV promotion program initiated by SLSEA? 

Answer - Prof. A. Atputharajah 

Actually, small scale power plants will perform much lower than large-scale power plants because 

their contribution to the stability or fluctuating components will be low. When we go for large-scale 

power plants, quality, reliability and stability will be much higher than small-scale power plants. 

On top of that, as an example, in Jaffna area solar rooftop plants are stopped because they are 

unable to cater the required transformer capacities. That is also another problem. In CEB point of 

view, it is a completely unutilized grid network if we go for mini rooftop power plants. But of course, 

up to some level it is appreciated, but not more than that. It’s not very good in terms of utilization 

of the existing facility. We are having night peak and most of solar PVs are coming with day peak. 

Anyway, it has been a motivation for renewable energy integration, and that is very good. We 

have some free resources converted to electrical energy through the rooftop of houses. On one 

side it is good. But when we compare small and large, large one will be better. If we can go for 

the larger one it will be much better. But smaller one also we can go up to some limits. Definitely 

they have transformer capacity and within transformer capacity some percentage can be added. 

They allow to integrate to the small scale. Because they have that small scale also why don’t we 

get benefit out of free resources available. When we are afraid, operation point of view long term 

plant at house, there may not be experts, engineers or technically capable persons for operation 

and maintenance. So, they will have very short period of lifetime. When we look at a lifetime 

analysis that may not be profitable in overall point of view. It needs to be carefully studied, but 

when we look from the technical point of view of course for certain percentage of transformer 

capacity, they are promoting to proceed on that one. 

 

Q15 - Mr. Dileepa Karunarathna 

Sri Lanka is known to be one of the few countries that carry out very meticulous system modeling 

even up to the LV level. Can we not publish information about the hosting capacity?  

Dr. Tilak Siyabalapitiya added some parts to the same question, and they are as follows. 

LECO is somewhat responsible for leading with regard to LV network modeling. I know that both 

Moratuwa university, Peradeniya university and perhaps Jaffna university also are conducting LV 

network simplified modeling as to how you could decide on the limitation of the LV network to 

absorb the distributed generation, particularly rooftop solar. What are the solutions and how would 

you present the problem to a customer and to a decision maker, when eventual question coming; 

‘why you can’t connect my solar PV to the network’? 

Answer - Prof. A. Atputharajah 

I think we have to disseminate knowledge to the public. I think that is one thing we are using 

through the ADB funded rooftop solar plant. When some business developers or other 

neighbourhood factories come and discuss with us, we always disseminate including the 

limitations and difficulties they may experience, or the grid operator may experience, so that they 
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will be able to understand why the grid operator is talking like this or they will be able to understand 

why the grid operator put some limits. We make sure they understood the technical difficulties as 

well as operational difficulties. At the same time, I think almost all universities are releasing, 

publishing papers to disseminate knowledge on the available capacities and technical studies are 

being published by IESL and in journals. I hope that at some level they may be able to get to know 

that information. Sometimes, that may not be enough that’s why they are asking. 

 

Q16 - Dr. Tilak Siyambalapitiya 

In your view what should be the recommended optimum renewable energy integration level over 

the next 10 years considering the level of economy, level of the technological development in the 

country, cost of generation and including the international pressure to go for renewable energy? 

Considering all of these facts do any one of you have a view as to how much of renewable energy 

share can Sri Lanka target for? Leaving aside all manifestos and policy documents or whatever 

in the documents, considering the fact that Sri Lanka was 37% renewable last year, also 

considering the fact that Sri Lanka is not too bad, not too good with regard to the energy 

contribution from renewable power generation. Also considering the fact that Sri Lanka always 

reports energy share not the megawatt share. As you know megawatt is a big number for 

renewables, but energy is a smaller number. Sri Lanka is faithfully and honestly reporting the 

energy share. So, do anyone of you have any number to throw at which you think is reasonable 

as a target for Sri Lanka to have, leaving aside all slogans or manifestos or policy documents or 

planning documents that are being circulated? 

Answer - Prof. Janaka Ekanayake 

It is not the number that is important, but it’s how ready we are. We are talking about today this 

smart grid technologies, and when these technologies are there, you can solve any problem 

associated with renewables. So, what we need is not just a number, but a roadmap that creates 

methods to overcome any impacts and to absorb the benefit of renewable integration. We need 

to plan very carefully not just the generation, but the entire infrastructure including the control 

mechanisms, how we are going to operate the system and all that need to be very carefully 

planned. As I said initially there’s nothing called smart grid. Smart grid is meant differently to 

different people. As a country we need to define based on our economical standard, our 

expectations, what is our goal as a smart grid and renewable and carefully plan the complete 

package. That will lead to number whatever the aspirations that we have. 

 

Q17 - Mr. Daminda Edirisinghe 

When it comes to DSM (Demand-side management), is there a list priority of technology 

implementation that Sri Lanka should think of? As of now there are few smart meter 

implementation projects happening in the country which help to implement ToU based charging 

and then reduce the energy consumption at peak hours. Likewise, is there a list of technologies 

we should consider on priority basis or in parallel with available resources? 
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Answer - Dr. Asanka Rodrigo 

We have to make a clear roadmap and work on even for the DSM and demand responses. I am 

really worried whether we have a clear roadmap because roadmaps are changing from time to 

time for political reasons and many other things. But of course, we have to have a clear roadmap 

which should come up with intellectuals and by doing certain research and prioritizing what are 

the most important and most easily implementable types of things. Of course, some of the DSM 

activities are already started, like; ToU tariff, some other certain types of traditional DSM activities 

are also conducted by the Sustainable Energy Authority in the utility or end user level. My view 

is, there are many options available, but we need to decide whether we are ready with 

implementing those types of options. If we decide that one, we need to have a clear policy on how 

we are going to implement and the grid should be ready for supporting those things. Because not 

like old days, now we are moving towards the modernization of the grid, so with that there are lot 

of opportunities available. If we get together and develop a certain type of roadmap even for the 

DSM and demand response activities, that will benefit rather than drop implementations. In priority 

level too, the priorities should be decided by discussing in a wider forum and then we can go 

ahead with those roadmaps. 

 

Q18 - Mr. Witharamalage Jayaratne 

This presentation gives enormous insights on solving the existing energy crisis in the country. As 

the association of energy managers how you can force the authorities to implement these 

findings; variety about how to manage grid, security of the grid, cost, stability? What is your action 

plan as a whole? 

Answer - Mr. Harsha Wickramasinghe 

I think we have had several interactions with the Ministry and also SEA where I work. We are in 

a dialogue because not many will remember the value of energy efficiency during calmer time of 

lower energy prices. Whenever there is crisis; low water level, high international oil prices people 

jump into action and try to have television media campaign. That is the way DSM works in our 

country. We are very happy that we SLEMA are the only association which will never give up 

energy efficiency. High oil price or low oil price our focus remains at energy efficiency and 

conservation. So, we have taken up this matter with the ministers and we make curtesy call with 

the new comer or secretary. We have been received very well but very little gets done thereafter. 

That’s the actual situation. There are private initiatives by different people to get smart grids and 

digital transformation on the right track. Even the state utilities - CEB and LECO, both have very 

top priority action items on digitalization. I think this will be successful opening up opportunity for 

other players to upcoming and make our grid a modernity. 

Comment from Prof. A. Atputharajah. 

Actually, I feel that there are lead universities together with the CEB, LECO and LTL, we can 

collect everybody together and grant some research. I believe this needs some kind of a research 

not only study, more than a study little bit on research where all the universities; Moratuwa or 

Peradeniya or Jaffna, have some backboard developed. There are very lead researchers there. 
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If we get some research done with the help of CEB, SLEMA or Ministry of Power & Energy or 

Sustainable Energy Authority, having short-term and long-term plans, within next one year or two 

years it will take us more into this level. At the moment what happens is every research is done 

with personal interest of the member. We have little bit of support, I’m not saying that there is no 

support at all. There are supports coming from NRC or university research council. I believe it is 

better to get some dedicated research from power industry through the Ministry of Power & 

Energy.  

 

 

Comment from Dr. Tilak Siyabalapitiya 

Some related research and funded researches are happening with various funding agencies. 

What you say is there’s hardly any continuity and kind of formation of research groups that will 

take from one year to another year to another year of progressing with particular avenue in the 

research. That can happen not when SRC grants as an event is coming, but there should be a 

steady stream of funded research with a focused output, which is demanded either by the 

government or by the utilities. Because these are the two parties who are interested in meeting 

certain objectives and solving certain problems. Otherwise what you say is that the faculty 

members will be selecting their own research areas, which are certainly related to renewables at 

smart grid but may not be focused on the priority problem to be resolved. 

 

Comment from Mr. Harsha Wickramasinghe 

We have funded university research through SEA. Our problem is continuity of these programs. 

Whenever a good researcher is engaged by us, after MPhil or MSc is finished there’s no continuity 

of that research unlike in say Japan. We need continuous stream of researchers joining in and 

living the program. But the program to be intact for us to realize some kind of commercial benefit 

out of the research, not only on commercial but even a national benefit. We propose three-partner 

arrangement; private sector, university and state agency like SEA doing it together. So, there will 

be researchers coming and joining, leaving but the program continuing.  I think if you’re to achieve 

anything valuable that is the way forward. 
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