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ABSTRACT
This project aims to make a comparison between the Swedish and Indian
electricity market, the design of new improvements will achieve a better
operation for both markets as well as the price forecasting for markets. This
results will give a clear idea about the electricity prices, different energy uses and
peak hours and also the carbon dioxide emissions.
Also the main organizations of the market and their roles has been characterized,
discussing about the functions of the Market Operator and the System Operator.
And also the different markets, the trading products and the price formation have
been explained and giving an idea about the market structure with enough details.
Moreover, Time Series Analysis explained in a detail manner and some of the
most used methods in Time Series Analysis are also explained in a very good
manner. Mainly the results section includes the description of the market situation
in Swedish and Indian electricity markets comparison, which includes Power
installed capacity, electricity generation, main renewable technologies and
policies to increase the renewable energy share in total electricity generated.
After this analysis, the strengths and weakness of both markets are presented and
the main problems of Swedish electricity system like dependency for nuclear
power, uncertainty for solar electricity generation and the Indian electricity
system problems like high losses in power system, power quality issues, and very
less focus on energy mix with renewable systems.
Finally, due to the quick development of the energy sector in the last few years
to reach a new design for the electricity market, different kinds of
recommendations for the future have been considered.
Keywords: Electricity markets, Sustainable development, Energy price
forecasting, Renewable energies.
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SAMMANFATTNING
Detta projekt syftar till att göra en jämförelse mellan den svenska och indiska
elmarknaden kommer utformningen av nya förbättringar uppnå en bättre funktion
för båda marknaderna samt priset prognoser för marknaderna. Detta resultat
kommer att ge en klar uppfattning om elpriser, olika energi användningsområden
och rusningstid och även koldioxidutsläppen.
Även de viktigaste marknadsorganisationerna och deras roller har präglats,
diskuterar om funktionerna i marknaden Operator och systemoperatören. Och
även de olika marknaderna, har handelsprodukter och prisbildningen förklarats
och ge en uppfattning om marknadsstruktur med tillräckligt detaljer.
Dessutom Time Series Analysis förklaras i en detalj sätt och några av de mest
använda metoderna i tidsserieanalys förklaras också på ett mycket bra
sätt. Främst avsnittet resultat inkluderar beskrivningen av marknadssituationen i
svenska och indiska elmarknader jämförelse, som inkluderar makt installerad
kapacitet, elproduktion, huvud förnybar teknik och politik för att öka
användningen av förnybar energi i den totala elproduktionen.
Efter denna analys är styrkor och svagheter för båda marknaderna presenteras och
de största problemen för svenska elsystemet som beroendet av kärnkraft,
osäkerhet för solenergi elproduktion och den indiska elnäts problem som stora
förluster i kraftsystemet, elkvalitetsproblem, och mycket mindre fokus på
energimix med förnybar system.
Slutligen, på grund av den snabba utvecklingen av energisektorn under de senaste
åren för att nå en ny design för elmarknaden, har olika rekommendationer för
framtiden övervägts.
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1. INTRODUCTION
In the present world, energy use has a very big importance. It would be very
difficult for a society without using electricity. Energy is using in all the fields in
the world and because of its importance, different management methods are
created for best energy solution at all moments. Every day, the use of electricity
is increased in a large manner since from the introduction of the electric lighting
in 1882 [1]. Major cause for this increase in energy consumption is increase in
living standard and industrialization. But in case, Global warming is also a reason
that cannot be neglected for this reason. By the introduction of different AC
electrical systems like power conversion stations, transformers and power lines
make electricity usage will be spread through whole world in few years.
In 1980 – 1990, the main topic of this project i.e. electricity markets was
developed. The main purpose of electricity markets is to provide the best energy
supply to the society at that moment. Moreover, the total development of the
country and economic growth depends in a large manner on the availability of
electric energy at good prices. Electricity market actually means that, it is
connecting two sections. First section is physical grid contains power plants and
other electrical transmission systems. The second section is economic side i.e.
electricity suppliers, consumers and all.
Electricity is one of the traded commodity by using spot and derivative contracts.
It is because of satisfy with both the sections as mentioned earlier. It is also a real
time commodity being consumed and produced. But electricity is not a normal
commodity because of different reasons like not scalable to big sizes, storage is
complex and expensive as compared to others [2].
In the new electricity liberalised system, electricity price forecasting and
electricity load forecasting play a key role on both sides of economical side such
as suppliers and consumers for achieving their optimal energy generation and
increase profitability. The extreme volatility of the electricity market allows
companies that are able to forecast the future prices and loads to have an
incredible advantage over their competitors [3].
The European committee has been making much efforts to make the country’s
electricity markets to a unique one. Under the European Committee political
scenario, different countries in European region increase their renewable energy
supply. The main area of renewable sector is solar and wind energy systems. So
we have more developments in the field of solar and wind sector all over the
9

world after the financial crisis. For increasing the renewable energy, these
countries create a bonus depending on each country on their implementations and
effects. Of course, there is not a low carbon technology that is better than the
other but the actual trend is perform this rise with wind and solar power,
especially when their costs are decreasing faster than expected [4].
In terms of traditional renewable energies such as hydropower and biomass, in
2016, India had a hydropower net electricity generation of 122.31 TWh and a
biomass electricity generation of 5940.87 MWh. But in Sweden had a
hydropower net electricity generation of 75.312 TWh and biomass net electricity
generation about 13 TWh. Other renewable sources like wind energy generation
in 2016, Sweden has much higher generation as compared to India like 15496
TWh versus 5400 MWh. On the other hand, in terms of solar energy generation
India has clearly higher than the Swedish with 12.09 TWh versus 0.097 TWh.
From this values it is clear that, hydro and solar electricity generations are higher
in India and biomass and wind generation in Sweden is higher than India too.

1.1 AIM
My project aims to make a comparison between the Swedish and Indian
electricity market. It will include following things.
 The design of new improvements will achieve a better operation for both
markets as well as the price forecasting for markets.
 Those results will give a clear idea about the electricity prices, different
energy uses and peak hours and also the carbon dioxide emissions.
 Discussing about the main organizations of the market and their role have
been characterized.
 The description of the market situation has been carried out for both
countries.
 Power installed capacity, electricity generation, average prices, main
renewable technologies and policies to increase the renewable energy share
also to be analyse.
After this analysis, the strengths and weaknesses of both markets are presented
and the main problems of the Swedish electricity system and Indian electricity
system can be presented.
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2. LITERATURE REVIEW
2.1 Energy in the World
The importance of doing this project is based on the increase of the energy use in
all Asian, European and all other developing countries. There are several
researches done in past years for finding the correlation between the economic
growth and energy use. But there was inconsistent results in past generally in 90s
when the time series methods made significant advances. After that, different
kind of methods with different types of variables have been developed and it
results the trend is considering this relation as a dynamic one.
The relationship between the averages of energy demand growth and the GDP
growth is fairly different. Between low income and middle income groups, there
is a strong positive relationship appears but in case of high income groups, there
is not the same relation. From this scenario, it is understandable that at the time
of financial crisis, the high income groups tried to improve their efficiency in the
energy use and decrease their CO2 emissions [5]. From this factor it can be
understandable the importance of the energy markets especially the electric one.
A market that allows the integration of the renewable energies, the consumer’s
actions, and a develop market can afford the fact of decrease the CO2 emissions
and the energy use without neglecting the economic growth.
It is possible to understand the importance of energy market from this observation
that the possibilities which can be given by a better electricity market can give. A
perfect electricity market will be a market with integration of the renewable
energies, strong interconnection capacity such as developments for decrease the
CO2 emissions and the energy use in an economical way and integrate the
consumers actions like demand response. This kind of possibilities is a part of
new electricity market concept and made relevant by the EC.
This particular concept of electricity market gives more decision power to
consumers for actively participate in the market for their economical side like
decrease their electricity bills [6]. For the future world, smart grids with
intelligent energy systems will have an increasing importance in the future for
deciding the consumers for best moment using electricity or not. European union
increase all the technologies in their electricity market in last few years. It is
important in case that, it is necessary to increase investment and support the
renewable energy systems based on the market mechanics.
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2.2 The Swedish and Indian Case
When we compare the Swedish and Indian electricity markets, there are lot of
similarities between both. Main similarities are the generation, distribution, tasks
doing by different organizations, and on the distribution side mainly in both
countries have lot of grid companies which manages distribution in different parts
of the country [7]. But the regulation band in Sweden is done using a bidding
strategy, but in the case of India it is not like that and depend on the adjustments
with the supply and demand [8].
If we consider the sources of electricity generation in both electricity markets, we
can be notice that in Sweden, most of the electricity is produced by nuclear and
hydro power plants which is about 84% of total share [9]. While in the case of
India, most of electricity generated from thermal and hydro power plants about
90%of total share [10].
Regarding the measures taken to support the renewable energies, Sweden taken
different policies mainly on wind energy generation in 1991 results a bonus of
25% was introduced. It was increased to 35% in two years. Another remarkable
investment was on the period 1998 to 2002 with a subsidy of 15% trying to
increase 0.5 TWh annually.
As said before, electricity production in India is mainly achieved through coal
thermal plants. Since 2000, the electricity generation share from coal has been
slowly increasing about 68% and continue to increase in 2013 up to 73%. During
that time, the percentual shares of all other energy sources decreasing except
renewable energy sources. In 2015, India generated about 1078 TWh from coal,
natural gas, nuclear, oil, and hydropower sources [11]. Alternative electricity
sources and renewable energy sources like wind, solar and biomass power plants
are also making a big progress. India also imported some electricity from Bhutan
in 2015 about 5 TWh to satisfy its demand.
India is keen on developing its renewable sources. India propose to add around
100 GW of power capacity between 2017 and 2022, aiming more on renewable
and CO2 free production like hydro power plants. This plan mainly looking at the
adoption of clean coal technology on the future decade. For instance, the Indian
authority plans to have around 60 GW of wind capacity and around 100 GW of
solar by 2022, likewise to increase the nuclear capacity also. Over the last five
years, renewable energy sector in Indian electricity market has been the fast
growing segment, but still it contributes only small percentage to the total
capacity of electricity generation [12].
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Sweden has the nuclear power is about 40% of the total electricity generation, the
authority had a nuclear phase out policy that wanted to strike out the nuclear
power generation by 2010. This aim was not achieved totally but it gives a boost
to political forces to increase their renewable generation.
For considering both electricity market at a glance, Economic Dispatch (ED) is
the main problem in the system operation and also has the aim to satisfy all system
constraints with minimum cost. Generally economic dispatch is a huge
optimization problem that considers different types of variables and linear,
nonlinear characteristics also [13].
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3. ANALYSIS
3.1 Forecasting Methods
Best way to managing the electricity markets, different mathematical methods are
used to predicting the energy demand and the price of the electricity. Predicting
these variables, future strategies about the construction of new power plants can
be done and new investments about interconnection capacity or which technology
is the best for building it can be chosen. And also importantly, forecasting
electricity price allows the energy producers to adjust their power plants at every
moment to the optimal benefit point. Generally it can say that electricity
forecasting is essential for make efficient and best possible power flow dispatch
[14].
Usually electricity demand or load and electricity prices are highly changeable
by nature. Main reason behind this is both of the values should be balanced in
real time. Market should be fast enough to adapt to the real need because of the
difficulty of storing the electricity [15]. Time Series Analysis is used for forecast
the electricity demand and prices. Generally there are two kinds of models: Linear
and Nonlinear models. But the main objective for a best possible model should
consider the factors which are affect the demand and also the price. Some of them
are transmissions, plant outages, fuel prices and emission cost etc.
ARIMA models is one of the popular linear models used for forecasting many
commodities like gas price, oil price and all. A simpler version of ARIMA models
are using in Nordpool in Norwegian systems for forecasting the prices of the
week. In many European countries like Spain, ARIMA models are used for
predicting the next day prices [16]. There is also a possibility for different
forecasting methods to improve the accuracy depending on the situation.
In some situations, ARIMA models are not enough to analyse the time series data,
it is mainly because some time series have strong cyclical components or seasonal
components. GARCH models are usually used in such situations instead of
ARIMA models. GARCH models are more proper to capture the dynamic part of
the Time Series data. This is one of the main advantage of GARCH models over
ARIMA models. And also GARCH models requires four phases: model
identification, diagnostic checking, parameter estimation and data preparation
[17].

3.2 Electricity Market Operation
Generally the system operation includes the important activities needed to
guarantee the safety and unbroken power supply and also the correct coordination
14

between the electricity generators and the transport grid. The general structure of
the typical electricity market is shown in Figure 1. To be ensure that the electricity
produced by the generators will be carried out to the distribution networks in the
quality requirements ordered by the current legal normative. The system
operation is the technical operation of the electricity market and it is the duty of
the TSO.

Fig 1: Structure of an Electricity Market [18]

In the other hand, the electricity market requires the financial management also
with the technical management. Electricity system line which includes both
physical and market level is shown in Figure 2. Financial management in the
market includes all the possibilities of offer trading, settlement and clearing
services in day ahead and intraday markets. Another main responsibility is to
integrate the OTC (Over the counter) and the ETD (Exchange traded derivatives)
contracts and inform them to settle down the electricity balance. The financial
operation is a must of the Market Operator (MO).
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Fig 2: Electricity System Time Line: Market and Physical [18]

3.3 TRANSPORT SYSTEM OPERATOR IN SWEDEN
Svenska Kraftnät
Svenska Kraftnät is the Transport System Operator (TSO) in Sweden for
electricity. So it has the overall responsibility for keeping the electricity supply
and demand in balance. On this balance management system based on planning
how much energy is going to be used in the electricity system. Suppliers and
transport system operator will make forecasts of the amount of energy that will
consume in each hour. When delivering the correct amount of electricity falls to
the suppliers, the balance is done by manual and automatic up and down
regulation of demand or generation.
As a country like Sweden, it is essential to forecast temperature as well as hydro
reserve. It is because of the quantity of hydropower that the country already have
and the Swedish weather. Weather plays an important role in the case of
electricity. It mainly affects the amount of electricity consumed and also the
16

amount generated. Averagely it has the difference between warm and colder
season will be 40%.
In Sweden, Svenska Kraftnät is responsible for receiving the payments of the grid
access fees. Generally connection tariff consists of different things like Initial
Connection fee, Capacity fee, and hourly usage fee. Other main responsibilities
of Svenska Kraftnät are making rules and agreements for the electricity trading
in all over the countries and between other countries.
For restoring the supply demand balance, Svenska Kraftnät has some methods.
One of them is technical management – when an unplanned events like switching
of a transmission line or even a power station, an instability will occur in physical
grid. Transport system operator must be capable to manage such an unexpected
instability happening to the grid. For that Svenska Kraftnät and Finland TSO
acquired about 2600 MW peak load reserves. In that 2000 MW placed in Sweden
and remaining in Finland [19] [20].
Other methods are counter trade and making physical balance maintained by trade
and balance regulation. Both of them depend on the generation amount of
electricity and other trade rules within the country.

3.4. TRANSPORT SYSTEM OPERATORS IN INDIA
In India, there are 13 Transport system operators for electricity. They are BSES
Rajdhani Power Limited, BSES Yamuna Power Limited, Delhi Transco Limited,
Gujarat Energy Transmission Limited, Karnataka Power Transmission
Corporation, Maharashtra State Electricity Transmission Company, Power Grid
Corporation of India, Power System Operation Corporation, Tamil Nadu
Transmission Corporation, Transmission Corporation of Andhra Pradesh,
Transmission Corporation of Telangana, West Bengal State Electricity
Distribution Company, West Bengal State Electricity Transmission Company.
BSES Rajdhani Power Limited (BRPL) – BRPL is a partnership based system
operator between the Government of Delhi in India and Reliance Infrastructure
Limited which holds about 51% majority stake. It is one of the main transport
system operator in the state Delhi in India. BRPL established on 2002 and
currently supplies electricity to around 2.4 million people in 21 divisions of West
and South parts of Delhi. BRPL operations span an area of 290 sq.mi (750 km2).
BSES Yamuna Power Limited (BYPL) – BYPL is a partnership based system
operator between the Government of Delhi in India and Reliance Infrastructure
Limited which holds about 51% majority stake. It is one of the main transport
system operator in the state Delhi in India. BYPL established on 2002 and
17

currently supplies electricity to around 1.65 million people in 14 divisions of
Central and East parts of Delhi. BYPL operations span an area of 77 sq.mi (200
km2).
Delhi Transco Limited (DTL) – DTL is formerly known as Delhi Power Supply
Company Limited (DPSCL). It is the state transmission utility for the National
Capital Territory of Delhi. DTL is responsible for the transmission of power at
220kV and 400kV level and for operating, upgrading and maintaining the high
voltage network. DTL operating for arranging power from different sources for
all the regions from 2002. From 2007, all the distribution agencies are directly
purchasing electricity and all the short and long term Power purchase agreements
have been transferred to these agencies by Delhi Electricity Regulatory
Commission on the basis of their consumption. But still a Power Procurement
group has been formed for coordinating the sale and procurement of power which
is headed by a DTL officer. At present, DTL is mainly responsible for the efficient
and non-breaking transmission of power.
Gujarat Energy Transmission Corporation Limited (GETCO) – GETCO is an
electrical transport system operator in the state of Gujarat in India. It was start
operating in the year of 1999. The company was promoted by the Gujarat
Electricity Board (GEB) as its completely claimed backup with regards to
progression and as a piece of endeavours towards rebuilding of the power
division.
Karnataka Power Transmission Corporation Limited (KPTCL) – KPTCL is the
electricity transport system operator in the state of Karnataka in India. Until 2002,
Karnataka Electricity board was having the responsibility of distribution and
transmission of electricity in these areas. After it was broken up and establish
KPTCL for managing all the distribution and transmission business. Now the
main responsibility of KPTCL is transmission and distribution of electricity in
efficient and reliable manner to all over in Karnataka state.
Maharashtra State Electricity Transmission Company Limited (MSETCL) –
MSETCL is the electricity transport system operator in the state of Maharashtra
in India. MSETCL is fully owned and operates by the Government of
Maharashtra in India. It was established in 2005 for transmitting electricity from
generation to distribution in different parts of Maharashtra. MSETCL operates
transmission network of totally 39871 circuit km and 559 EHV substations with
89178 MVA transformation capacity. At present MSETCL is the largest
electricity transport system operator in the country India.
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Power Grid Corporation of India Limited (POWERGRID) – POWERGRID is an
Indian state owned electrical transport system operator company. It transmits
about 50% of the total power generated in India through its transmission network.
It started operation in 1992 and at present, its transmission network consists of
about 148838 circuit km and 236 EHVAC and HVDC substations. Totally it
provide the transformation capacity of 332163 MVA.
Power System Operation Corporation Limited (POSOCO) – POSOCO is
electricity transport system operator company which is fully owned by
Government of India under the Ministry of Power. Earlier it was another company
and in 2010, POSOCO established. It is responsible the integrated operation of
the grid in a very efficient, reliable and secure manner. It totally consists of 5
regional load dispatch centres and a National load dispatch centre.
Tamil Nadu Transmission Corporation Limited (TANTRANSCO) –
TANTRANSCO is an electricity transport system operator company owned by
the Government of Tamil Nadu in India. It was established in the year of 2010
for regulating and maintaining the transmission and distribution of electricity in
different parts of the Tamil Nadu state in India. It is one of the subsidiary of Tamil
Nadu Electricity Board.
Transmission Corporation of Andhra Pradesh (APTRANSCO) – APTRANSCO
is an electricity transport system operator company owned by the Government of
Andhra Pradesh in India. It was established in 1999 and from that period to 2005,
it was the single buyer of electrical power in the state Andhra Pradesh in India.
They purchase power from generators and selling to different distribution
companies according to the terms and conditions of power purchase agreements
at bulk supply tariff rates.
Transmission Corporation of Telangana (TSTRANSCO) – TSTRANSCO is an
electricity transport system operator company owned by the Government of
Telangana in India. It was established in the year of 2014 for regulating and
maintaining the transmission and distribution of electricity in different parts of
the Telangana state in India.
West Bengal State Electricity Distribution Company Limited (WBSEDCL) –
WBSEDCL is an electricity transport system operator company owned by the
Government of West Bengal in India. It was established in the year of 2007 and
responsible for the distribution of electricity in different parts of the state West
Bengal in India. It is having almost 1.68 crore customers which is covering almost
96% of the state West Bengal in India.
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West Bengal State Electricity Transmission Company Limited (WBSETCL) WBSETCL is an electricity transport system operator company owned by the
Government of West Bengal in India. It was established in the year of 2007. It is
one of the subsidiary of West Bengal Electricity Board.

3.5. MARKET OPERATOR
In principle, there isn't compels that in a changed market each player could
exchange the vitality utilizing any sort of bilateral agreements at inevitably. On
the other hand, all the electricity market has created an organized a spot market
managed by the market operator. This is one of the main responsibility of the
market operator, and in Sweden the electricity volume traded using a spot market
is about 70%. Nordpool Spot AS is the market operator in Sweden and in India
market operates based on the National Electricity Policy (NEP) by State
Electricity Boards. Availability Based Tariff (ABT) is one of them act as the
market operation method.

3.6. MARKET OPERATOR IN SWEDEN
Nordpool Spot AS is the manager of the electricity trading for the spot market in
the Nordic electricity market. Market players submit the sales and purchase bids
to Nordpool and the spot price and the area prices are calculated for each hour a
day ahead of the supply period. Sweden has four bidding areas from Lulea to
Malmo. In each area, price is calculated by the factors like amount of electricity
delivered, demand of electricity and the transmission capacity between the areas.
Nordpool is the manager of all the Nordic countries and manages spot market in
other countries like Estonia, Lithuania, Denmark, Norway and Finland. Usually
Nordpool is formed by two different markets namely Elspot and Elbas. Elspot is
the day ahead market. As it name implies, market players place their bids before
12:00 PM the day before to the day delivery. Elbas is an intraday market provides
trading all times in a day, covering all individual hours and all. The Nord Pool
power market structure is depicted in Figure 3.
Sweden has another place for doing future contracts and assignments. Nasdaq
OMX includes future assignments and options and also electricity price area
differential contracts.
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Fig 3: Market structure in Nordpool [21]

3.7. MARKET OPERATOR IN INDIA
According to the revaluation of electricity supply act 1948 and Indian Electricity
act 1910, electricity reform in India. It leads to Electricity Act 2003 which brings
to include private sector participation to complement cash constrained State
Electricity Boards (SEB) to meet the demand of electricity. Power trades have
developed quickly to complement and enhance the requirements of the wholesale
power markets in an efficient and transparent manner. After years of operation,
markets are become efficient and promote investments and utilization of natural
resources. Indian Energy Exchange (IEX), as the power exchange with maximum
volume and largest participation, has played an important role in furthering the
objectives of the Electricity Act 2003 by enhancing competition, implementing
open access and through realisation of the impact of delicensing of generation
[21].
Actually, Electricity Act 2003 was mainly for two things. First was for promoting
competition in electricity market and second is for the consumer’s protection.
This Act made many new policies and methods like National Electricity Policy
(NEP), phased open access on distribution, license free generation, open access
in transmission, license free distribution, power trading and stringent penalty for
21

theft of electricity. And also another main achievement was the implementation
of Availability Based Tariff (ABT), which brings the day ahead scheduling and
frequency sensitive charges for deviation for effective real time balancing [21].
ABT deals the variable and fixed costs separately. Variable cost means the energy
charge and the total amount paid to the generators based on their scheduled
energy production rather than actual production. The fixed cost means as capacity
to deliver MWs on day to day basis and the capacity charge associated with plant.
Indian Energy Exchange (IEX) is designed for promoting power trading. It is
designed on the basis of the European power exchange Nord Pool. It is developed
in as a market based institution where the participation of exchange is voluntary.
Currently Indian Energy Exchange works offers day ahead contracts. This
contracts are with time line set according to the Regional Load Dispatch Centres.
Indian Energy Exchange coordinating with National and State load dispatch
centres for scheduling the traded contracts.
Indian electricity market mechanism is shown in Figure 4.

Fig 4: Indian electricity market mechanism [21]
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4. RESULTS
4.1. ELECTRICITY USE PER CAPITA
Figure 5 shows the expected higher electricity use per capita of India and Sweden.
It is clearly shows that Swedish electricity per capita is much higher than Indian
electricity per capita. This fact can be explained because of mainly two reasons.
First was Swedish GDP per capita is higher than the Indian one. Normally GDP
is considered as the indicator of country development and GDP and electricity
per capita are directly linked with different indicators like Human Development
Index (HDI), public health care and life expectancy etc.

Fig 5: Swedish vs Indian electricity use per capita

Second reason was the weather difference. Generally temperature is one of the
main factor in the electricity load. In Sweden, generally lower temperatures are
take place and in India, majority places have high temperatures.
Similar to the higher Swedish electricity use per capita, the average prices of the
Swedish kWh are higher than the Indian one in both sectors like industrial and
households. In 2018, the average electricity price for a kWh in Swedish market
is about 0.18 euro, in the other hand it is 0.07 euro in Indian market. Generally it
is mainly because of the factor that the global percentage without taxes is higher
in Sweden than in India.
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4.2. ELECTRICITY GENERATION AND POWER CAPACITY
EVOLUTION
From Figure 6, it is observed that from 1985 to 2012 the Indian electricity
generation is increased linearly in every year. However, the Swedish electricity
generation was almost quasi constant, as it was almost increase by 2.5% every
year. Another main problem related to this increases was the generation increase
was basically by using natural gas and oil and only after the financial crisis
happened in 2008, the use of electricity goes down.

Fig 6: Indian electricity generation evolution [23]

From Figure 7, it is clear that the Swedish electricity capacity evolution follows
almost the same trend over the generation. But after the financial crisis in 2008,
the installation of wind power plants increased in Swedish market about 10 to
15%.

Fig 7: Sweden electricity generation evolution [9]
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From Figure 8 and Figure 9, it is shown that two thirds of the total Swedish
electricity capacity is from the renewable source and most importantly 87% is
CO2 free. But in the case of Indian electricity market, the electricity generation
and capacity is more than half from renewable resources and the percentage of
renewable resources is small as compared to the Swedish market.

Fig 8: Swedish power capacity % by technologies

Fig 9: Indian power Capacity % by technologies
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4.3. MAIN RENEWABLE TECHNOLOGIES
4.4. WIND POWER
Sweden consumes about 17.5 TWh of electricity per year which is about 12.4%
generated from the domestic wind power resources 2017.The Swedish Wind
Energy Association (SWEA) announces that by the end of 2022, the wind power
capacity will increase to 12.8 GW which is about 91% increase from 2017. Such
an expansion will increase in the share in total use of electricity in Sweden to over
20%. From the data about the generation of Wind power in Sweden, we can
understand that the increase is exponential. As said before sections, the Swedish
wind power generation gets a high rate of increase after the financial crisis
happened in 2008.

Fig 10: Swedish wind power capacity

Fig 11: Swedish wind power generation
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On the other hand, as similar to Swedish electricity market after the financial
crisis in 2008 the generation capacity and production of wind energy increased in
Indian industry. But also there is a significant increase in wind power generation
capacity in last few years. Indian wind power generation evolution shown in
Figure 12. As in the records in last of 2018, India is the fourth largest installed
wind power capacity in the world with capacity 35.288 GW. With this high
increase of generation it results to decrease of wind power costs in India rapidly
which is about 0.031 Euro per kWh according to the records from 2017.

Fig 12: Indian wind power generation evolution

4.5. BIOMASS
During the last some years, the use of biomass for electricity as well as heat
production increases steadily. By definition, biomass is a collective term for
different types of fuels.
In Swedish energy system, use of biomass is increased over the years. The
electricity generation started approximately on 1990 and it increased about 700%
from the starting to present. In 1983, biomass accounted about 11% of total
energy supply i.e. 52 TWh. It increases to 26% which is about 134 TWh in 2015.
Another main aspect about biomass in Swedish energy sector was the use of
biomass in transport sector in recent years and it is accounted for 13 TWh in 2015.
Sweden introduced taxes for carbon dioxide emissions and other higher energy
taxes at the beginning of 1990. Biomass is exempt from these type of taxes and it
became one of the main reason for the sharp increase in the use of biomass for
various uses.
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Fig 13: Use of biomass in Swedish electricity market [9]

Looking in the Indian case, the climatic conditions in India offer an ideal
environment for the biomass production. Bio energy is very important for India’s
energy mix. For an average, India produces about 500 million tonnes biomass per
year. The potential in the short term for power from biomass is about 18000 MW
to high of about 50000 MW in India to expand the scope of definition. In
automobile sector, India encourages ethanol as a fuel and currently 5% blending
with petrol is going on in fuel market. Bio diesel is not sold presently in the fuel
market but by 2020, government plans to meet 20% of the total diesel
requirements are substituted by biodiesel.
4.6. HYDROPOWER
It is very interesting factor regarding the hydro power in Sweden is that it is the
most stable power generation source. Over 25 years, the changeover total average
hydropower generation was 8% and less than 4% over the total electricity average
production. Production from hydropower in 2015 was higher than normal (linear
line) which is not showed in the Figure 14 (63 TWh in 2014) which is about 75
TWh and on the same year, the total electricity generation was the second highest
ever in Sweden. Hydro power production in Sweden has varied between 78 TWh
to the 51 TWh in past 20 years.
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Fig 14: Swedish Hydropower Generation Evolution

On the other hand, India is the seventh largest hydroelectric power production in
the world. During the year 2016-17, the total hydroelectric power generated in
India was about 122.31 TWh excluding the small hydro power plants. India’s
hydroelectric power plants such as Darjeeling (1896) and Shivanasamudram
(1902) were the first hydroelectric power plants in Asia. India plays a dominant
role in global hydroelectric power development. India has hydro potential
assessed to about 125,570 MW at 60% load factor. Depending on the
technological improvements and cost of production from other sources are the
two factors which cause the hydropower potential always keeps on varying.
4.7. SOLAR POWER
The Swedish solar power has not been represented due to understandable reasons.
It accounts very small share of the electricity supply but is growing rapidly. At
the end of 2015, the installed photovoltaic capacity was about 104 MW which
was approximately 60 MW in 2014. Two types of systems are there in solar power
such as grid connected and independent systems. Over 90% of the capacity is grid
connected. When to look the share of solar power generation in total electricity
production, it is very small about 0.06% i.e 97 GWh per year in Sweden. Figure
15 shows the generation evolution.
As in the case in India, solar power is fast developing sector and it is showing in
Figure 16. At present in 2019, the total installed capacity reached about 28.18
GW. From 2014 to 2018, solar generation capacity in India is increased like 8
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times. Indian government was planned to achieve the target of 20 GW capacity
by 2022, and the target covered by 4 years ahead of schedule. With this massive
increase in solar power generation, the average current price of solar electricity
dropped in 18% below the average price of its coal fired source.

Fig 15: Sweden solar power generation

Fig 16: Indian Solar Power Generation
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4.8. GREEN CERTIFICATES
Swedish Case
The electricity certificate is a market based support system for renewable
electricity supply. The main purpose of this system is to increasing the TNREG
and also to achieve the most efficient and cost effective renewable energy system.
This system was first introduced in May 2003 and expected to be extended until
2030.
Svenska Kraftnät is granted each MWh produced in renewable energy using an
electricity certificate. These certificates can be sold in the electricity market to
the consumers mainly using as an intermediate the electricity suppliers who must
fulfil the compulsory quota of electricity certifications. Basically, is like a
regulation of part of the energy demand. This quota is calculated proportionally
according to the total energy demand. Only the Energy Intensive Industry is
exempt for buying this kind of energy.
Currently the renewable energies included in this measure are:
• Wind Power.
• Solar Power.
• Wave Power.
• Geothermal.
• Hydropower.
• CHP (only to peats).
In the case of hydropower green certificates, it is little special because not all
hydropower plant is included in the list. It includes only the ones having
following factors;
 Hydropower stations that due to legislation or major renovations no longer
are economically feasible to operate.
 Small scale hydropower (1.5MW per unit before 2013)
 Reutilization of hydropower abandoned stations.

Indian Case
For increasing the share of renewable energy generation capacity in India,
National action plan on climate change (NAPCC) and energy act (EA) 2003
launched the mechanism in 2010 called Renewable energy certificate (REC). The
working and operations of REC is supported by the central government especially
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the ministry of power. The main objective of REC mechanism is to promote
renewable energy and facilitate renewable energy purchase obligations amongst
various stakeholders.
India is a big country and so renewable energy sources are not evenly spread
across the different parts of the country. For example some parts having high
wind energy but on the other hand some parts doesn’t have the same potential at
all. To overcome this difficulty, the State Electricity Regulatory Commissions
(SERC) under the EA-2003, set targets for distribution companies of respective
states to purchase certain percentage of their total power requirement from
renewable energy sources. This target is referred to as ‘Renewable Portfolio
Standard’ (RPS) or Renewable Purchase Specification (RPS) or ‘Renewable
Purchase Obligation’ (RPO).
Renewable energy certificates are specially type of environmental commerce. Its
main purpose is to give economic incentive for electricity generation from
renewable energy sources. Generally one REC is created when one megawatt
hour of electricity is generated from an eligible renewable energy resource.
Central Electricity Regulatory Commission (CERC) has notified Regulation on
Renewable Energy Certificate (REC) in fulfilment of its require to promote
renewable sources of energy and development of market in electricity [24]. The
framework of REC is expected to give push to renewable energy capacity
addition in the country [24].
Eligible renewable energy generators are






Solar Power
Wind Power
Small Hydro (below 25 MW of capacity)
Biomass based power generation (including cogeneration)
Municipal solid waste based power generation projects

4.9. STRENGTH AND WEAKNESS OF ELECTRICITY
MARKETS
Strengths of Electricity markets
Swedish Case
 Opportunity – Sweden is ranked high in case of innovation in current
climate. According to the cleantech group and WWF (2014) ranking
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Sweden placed as the country in the world where the general conditions for
the taking up and pursuit of innovative start-ups are the best.
Fast growing industry – the Swedish environmental energy industry has
developing speedily in all categories.
Sympathetic population and politicians – the Swedish population and
politicians are generally highly supportive for the development of
renewable energy with different types of policy measures.
Nordpool spot gives a stable prices and having a common market with
bigger interconnection capacity. It allows Swedish electricity market to
share economical efforts in frequency and power reserve regulation.
Green certificates have given a free option to the electricity producers and
they have been revealed as a more cost efficient option. Green certificates
move the risk to the companies and not to the Government, achieving a less
deficit.

Indian Case
 A place suitable for different renewable energy technologies especially
solar and wind power. India obtain a very good position in solar, wind and
biomass research. And also Indian electricity market have the strength to
substantial renewable energy penetration. The important factor supporting
to this strength is the ideal and suitable climate with excellent solar
insolation.
 Excellent manufacturing and research capabilities in industry.
 Strongly supported by the Government through different subsidies in
different states and also through green certificates which will help to
improve renewable energy production more.
 Adheres to quality standards with good quality control systems.
 Technically skilled and cheap labour. The country has over 1.3 billion
population and more than half of the population is aged 35 or below.
 High production levels with quality products. Both large scale and small
scale industries involved in the PV manufacturing.
 Green certificates and subsidies given for renewable energy generation by
central government and state government.
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Weakness of Electricity Markets
Swedish Case
 Small critical mass with absorbing technology – in order to absorb
technology human capital is needed, not only in general but specific
technology.
 Lack of industry technology clusters – if the Swedish environmental
energy sector fails to grow and reach the critical mass so it results a risk
for industry to stagnating.
 Biomass is successfully using in Swedish electricity market but still market
having a high dependence from Nuclear power. It is CO2 free energy
generation but also there is an additional environmental risk for such
generation.
 At present times, solar power in Swedish electricity market is under
development but it is really hard to estimate the real potential of this source
mainly because of the weather conditions like lack of sun intensity.
 Uncertain political environment – Companies need an environment which
is suitable for good business and also stability in the market. Environmental
energy investments are often capital intensive. An investor is less
interested to invest the markets having a risk that policies introduced
removed.

Indian Case
 Inadequate last mile connectivity – Indian electricity market have
necessary power generation and transmission capacity to meet the full
demand at least for temporally in many places. But due to lack of last
mile connectivity to all the consumers, many of them using alternative
sources like diesel generators or battery storage UPS system. This
alternative sources are costly as well as create different problems to
environment.
 Main source in Indian electricity market is from Coal and other fossil
fuels. It creates a high pollution to the environment as well as results
shortage of fossil fuels in the nature. Poor coal transport infrastructure
has make it more worsen these type of problems. Coal India needs to
mine new deposits to expand its coal production.
 No access to electricity – In present times, almost all the households
have access to electricity but still many households find that electricity
supply unreliable and intermittent. On the other hand, different power
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stations in the country are idling for lack of electricity demand. This
excess electricity capacity can supply to the people who do not access
to electricity.
 Theft of power – Indian electricity market have a high financial loss due
to theft of power around 16$ billion yearly. Populist proposal power
measures also exceed the power companies and many companies lead
to bankruptcy due to these factor.
 Lack of clean and reliable energy sources – In Indian electricity market,
a large percentage is depending on the traditional biomass energy
sources like fuel wood, livestock dung and agricultural waste for
cooking and other domestic uses. This is a small percentage but still
those households particularly use traditional fuel combustion and it
results indoor air pollution in large manner. It causes pollution as well
as chronic health issues and even results the death.
 Political issues – Political will and corruption in all quarters like
Freebees. Another aspect related to these factor is oppositions from
different quarters and issues due to lack of knowledge and
understanding.it would results the general public to force boycott
energy enhancement programs.
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5. DISCUSSION
After the comparison of electricity markets in Sweden and India, we find out
several factors are so different with each other. Main general factors are explained
in Table 1.
Table 1: Comparison of general factors between Swedish and Indian electricity markets

FACTORS
Different organisations
present in the market.
Different grid companies
for distribution.
Regulation band

SWEDEN
YES

INDIA
YES

YES

YES

Bidding strategy

Adjustment in supply
and demand.
Economic dispatch

Main problem in the Economic dispatch
electricity market
Transport
System Svenska Kraftnät
Operator
Market Operator
Nordpool Spot AB
Green certificates for YES
renewable
energy
generation.

13 different operators
Different state electricity
boards
YES

If we look through other factors in the generation of electricity in both markets,
it’s quite different by percentage with each other. But ofcourse India is very big
country as compared to Sweden and the amount of electricity generated by India
is very high as compared to Sweden. Table 2 shows the comparison of Swedish
and Indian electricity markets as respect to different factors related to the
generation side.

Table 2: Comparison of factors related to generation between Swedish and Indian electricity
markets

FACTORS
Main
source
electricity

SWEDEN
of Nuclear and
power

Electricity use per capita High

INDIA
Hydro Coal thermal
Low
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Average price
High
Electricity
generation Almost linear increase
evolution

Low
Linear increase

Wind Power percentage
Biomass percentage
Hydro power
Solar power

10 %
41 %
-

10.1 %
2.6 %
14.3 %
7.4 %

Fossil Fuels including 10 %
CHP
Nuclear power
39 %
Gas
-

56.6 %
1.9 %
7.1 %

From Table 1 and Table 2 it can be understandable that there are lot of similarities
between both markets. Main similarities are the generation, distribution, tasks
doing by different organizations, and on the distribution side mainly in both
countries have lot of grid companies which manages distribution. And one of the
main difference is on the regulation band. In Sweden it is done using a bidding
strategy, but for India it depend on the adjustments with the supply and demand.
If we look the sources of electricity generation in both electricity markets, we can
be notice that in Sweden, most of the electricity is produced by nuclear and hydro
power plants which is about 80% of total share. While in India, most of electricity
generated from coal thermal and hydro power plants about 90%of total share.
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6. CONCLUSION
The study done with the reality of Swedish and Indian Electricity markets and
make clear about the current situation of both markets. Total summary of both
markets are following:
Market operator in Swedish electricity market is Nordpool and it is more stable
in prices and having a common market with bigger interconnection capacity
allows to share the economical efforts in frequency and power reserve regulation.
Despite the successful use of biomass, Sweden has a huge dependence from
Nuclear power, it is true that this energy is CO2 free in terms of generation but it
has additional environmental risk perfectly well known. Majority of the
electricity generated in Sweden is from Hydro power and Nuclear power plants.
In fact, the highest capacity evolution has been in wind power, which had a lower
price per MWh than the solar power in the past years. Currently, Swedish solar
power is under development but it is really difficult to estimate the real potential
of this energy in this country due to the lack of sun intensity.
As in the case in Indian electricity market, it is the world’s third largest producer
and third largest consumer of electricity. Indian National Grid has an installed
capacity of 365.100 GW as on records in 2019. Indian electricity market gives a
high importance for the renewable sector and it constitutes about 34.5% of the
total installed capacity. But still Indian electricity sector is dominated by fossil
fuels and particularly coal. Government of India preparing different types of plans
and subsidies to increase the share of renewable energy in total electricity
production. One interesting fact about Indian electricity market is that the per
capita electricity consumption is low as compared to many countries and it is
because of the low electricity tariff in India.
As compared to Swedish electricity markets Indian electricity per capita is much
lesser and on the same trend average price of electricity in Swedish electricity
market is much higher as compared to Indian market. Different organisations in
both electricity markets are explained in previous sections and Indian market
particularly have different transport operators in market for the distribution. Both
electricity markets are developing day by day and governments respective to both
Sweden and India take necessary actions to increase the renewable share in the
total generation on the coming years. After the detailed analysis between Swedish
and Indian electricity markets, we point out in the last chapter about the main
strength and weakness of both electricity markets separately.
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