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Abstract. The following work focuses on the study of the energy complex in a particular country (Sweden)
and in specific conditions (Luled municipality in the first and second decades of the 21st century). The
conclusions and results obtained during the work might be interesting from the point of view of applicability
of practice in other countries, as an example of successful experience in implementing an effective fuel and
energy complex, which allows each of the parties (producers and consumers) to derive the maximum mutual
benefit. The main features of the energy economy of Sweden as a whole have also been considered, which
may contribute to the deepening of research in this vein, in order to allow other municipalities to be
considered, which in turn will make it possible to assess the efficiency and prospects of the fuel and energy
complex in the country as a whole. The work also proposes and considers possible points of intensification
of the production cycle in order to increase production capacities and improve the conditions for consumers
who, due to the geographical features of the country’s location, are forced to spend large amounts of money
on innovative technologies, illustrated in consumer prices for electricity and heat supply (especially other
municipalities in Sweden, for example, the difference between Luled and them in terms of consumer prices

can reach 30-40%).

1 Introduction

The energy system is one of the key aspects of modern
international relations, which in many ways has begun to
rely on the economic component. Therefore, the issue of
efficient production, distribution and use of energy is
becoming increasingly relevant. The environmental
factor plays an important role here, it forces us to
reconsider to some extent the aspect of production
profitability, but also pay attention to another serious
component - environmental safety. Sweden, which is
today an extremely successful example of the
implementation of environmentally friendly energy [2],
seems to be a particularly interesting example for
analysis. However, it should not be thought that this
country is homogeneous from the point of view of the
energy system - there are more successful and less
successful examples [3]. Lulea should be considered as
one of the most successful examples of the integration of
all energy systems. So, according to the report, the
lowest average price for electricity on the Nord Pool
energy exchange among Swedish cities was recorded in
Lulea (in 2016, 2017). There are explanations for this -
the municipality with the lowest price for electricity and
heat, Luled, has a long-established district heating
network and has access to cheap excess energy from the
SSAB steel factory. [1] Turning to the methodology of
the current study, it is necessary to highlight such aspects
of theoretical research as analytical, statistical methods,
a systematic approach, and a number of others. The
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selected methods are collectively aimed at identifying
current trends, identifying features (advantages and
disadvantages), as well as identifying prospects in the
area of the stated problems. In accordance with the stated
relevance, the aim of this study is to analyze the energy
system of the Luled commune in order to identify
advantages and disadvantages, as well as possible
experience that can be adopted in this context.
Accordingly, the following tasks were set:

1) determination of the main characteristics of the
fuel and energy complex at the present stage;

2) identification of the main features of the energy
sector in Sweden;

3) revealing the features of the energy of Lulea.

2 Methodology

In the course of this study, a number of methods was
being used, aimed at detailed study of the issue. More
specifically, an analytical and descriptive methods were
used, as well as a systematic approach. The complex of
these approaches made it possible to fully understand the
structure and current trends in the functioning of the
energy system of a particular municipality.

3 Results

As noted above, heat and power are supplied to the
Luled Energi district heating system. Part of the exergy
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is destroyed in the boiler and heat exchangers, and part is
lost in the flue gases and during cooling. Part of the
exergy is also exported to Bioenergi Luled and to SSAB.
[27] Losses and destruction of exergy are not included in
this export. Work on the integration of processes to
improve the efficiency of the system is currently being
carried out using mathematical programming based on
the MILP (Mixed Integer Linear Programming) tool, for
further improvements it will require an improved tool
ability to take into account the thermodynamic quality of
energy flows [28]. A large amount of exergy is used to
produce products that mainly need only a moderate
amount of exergy. This means that it would be
interesting to find ways to produce more valuable
energy, such as electricity. This can be achieved by
lowering the temperature of the hot water in the district
heating system, using the released energy to generate
more power. [29]

4 Analysis

4.1 Energy system

At the beginning of this study, it seems necessary to
introduce the concept of an energy system - in the
general sense it is the complex of energy resources of all
kinds, as well as methods and means for their
production, conversion, distribution and use, which
provide consumers with all types of energy. The power
system includes electric power, oil and gas supply, coal
industry, nuclear energy and others. Usually, all these
systems are combined nationwide into a single energy
system, and across several regions into integrated energy
systems. The integration of individual energy supply
systems into a single system is also called the
interindustry fuel and energy complex (FEC), it is due
primarily to the interchangeability of various types of
energy and energy resources. [7]

Often, a power system in a narrower sense is
understood as a combination of power plants, electric
and thermal networks, which are interconnected and
connected by common modes of continuous production
processes of conversion, transmission and distribution of
electric and thermal energy, which allows centralized
control of such a system. In the modern world,
consumers are supplied with electricity from power
plants, which can be located close to consumers or can
be located far from them, at considerable distances. In
both cases, electricity is transmitted through power lines.

However, in the case of remoteness of consumers
from the power plant, the transmission has to be carried
out at an increased voltage, and step-up and step-down
substations should be built between them. Through these
substations, with the help of electric lines, the power
plants are connected to each other for parallel operation
at a common load, also through heat points using heating
conduits, this is also the way the heat and power plants
and boiler rooms are connected but only at much shorter
distances. The combination of all these elements is
called a power system, it arises significant technical and
economic advantages [7]:

- a significant reduction in the cost of electricity and
heat;

- asignificant increase in the reliability of electricity
and heat supply for the consumers;

- increasing the efficiency of various types of power
plants;

- reduction in the required reserve capacitance of
power plants.

4.2 Energy Complex of Sweden

Hereafter the Swedish fuel and energy complex will be
considered in general terms, after which the Luleo case
will be regarded specifically. The basis of Sweden’s
energy economy today consists of four sources: oil and
oil products, biofuels, hydropower and nuclear energy.
Coal and natural gas occupy an insignificant place in the
country's energy balance. Furthermore the role of wind
energy is small today but it is growing rapidly. Sweden's
energy supply in 2016 was as follows: 24% hydropower,
24% atomic energy and 6% wind. In 2017, about 60 new
wind turbines were added, and by the end of the year
there were just over 3,400 wind turbines with a capacity
of more than 50 kW each. Their energy production
during the year has reached 200 MW per each, and at the
end in 2017, more than 6,700 MW of energy was
produced. The remaining 46% of energy economy
consists of approximately equal shares of fossil fuels and
a combination of biofuels (i.e. vegetation) and waste.
One third of Sweden’s total energy consumption is in the
form of electricity, this is 75% higher than the world
average of 18% . [8]

The most important energy resources consumed by
industry are biofuels (38%) and electricity (36%). In
addition to them, other important energy commaodities
for Sweden's industry are coal and coke (primarily for
metallurgy) and petroleum products. [9]

Sweden's power industry is based on two main
sources: hydropower and nuclear power. Both sources
play an approximately equal role and together provide
about 90% of electricity production. The topography and
climate of Sweden contributed to hydropower: 47
hydropower plants with a capacity of more than 100
MW and 2057 hydropower plants in general. [8]
Moreover, there are solutions which help to control
hydropower - water left from rain and snow can be
stored in tanks, this can help to intensify the production
when the demand for electricity is the greatest (in
winter). In addition, rain and snow constantly fill
reservoirs throughout the year. In the times of dry years,
production can be reduced to 50 TWh, and in rainy years
to 80 TWh. In areas where there are no reservoirs or
where they are too small, there is less control over the
hydropower. Speaking about nuclear energy, Sweden has
built 4 nuclear power plants, each of which consists of
several reactors. A total amount of 12 reactors had been
put into operation in Sweden gradually, between 1972
and 1985, with a total capacity reaching 11 GW. [10]
This led to a rapid and significant reduction in CO2
emissions by about a third in just five years. The reactors
has not been put into operation since 1985, and after
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2020 - half (i.e. 6 reactors or 38% of the initial capacity
of 11 GW) will be pulled out of service. The remaining
62% of capacity is expected to operate until at least
2040. Currently, 4 out of 6 reactors to be removed from
service (22% of the initial capacity) are deactivated,
jining the number of 15, which have already been
permanently shut down. The fossil part of electricity
production accounts for 25% in 2017 compared with
75% in 1973 (these 25% are generated by several
cogeneration plants, but there are also few plants using
fossil fuels (coal, oil, natural gas) as part of the energy
reserve of Sweden). [8]

There has been a free electricity market in Sweden
since 1996. This means that the buyer himself can
choose an electricity supplier from among those on the
market. The deregulation was carried out in order to
ensure competition in the field of production and sale of
electricity. Transmission networks remain state owned
and are a regulated monopoly [11]. The main tool for
trading electricity in Sweden, as in other Nordic
countries, is the NordPool exchange. The NordPool
exchange is Sweden's main electricity pricing tool. The
NordPool spot prices (prices for electricity supply
counted for the next day) are used as the accounting ones
both for deliveries to industrial and individual consumers
[12]. The functioning of the electricity market in Sweden
in recent years has been sharply criticized by the energy
consumers, both in industry and in the residential sector.
The main reason for criticism is the high electricity
prices [13].

Sweden's last unique aspect of energy supply is its
relatively large 21% share of energy supply from
biofuels and waste [14]. The production of this energy in
Sweden is about 14% of waste and 84% of “primary
solid biofuel”. Solid biofuel is also known as biomass,
which is simply vegetation, or a biological substance that
was created as a result of photosynthesis. This term does
not distinguish between slow-growing biofuels, such as
trees, and fast-growing biofuels, such as grass [15].
About 55% of Sweden's territory is occupied by forests,
therefore it is not surprising that biofuels will be
included in the country's energy system. € 1.68 billion
was allocated for biomass energy projects in Sweden in
2017 (bioelectric power plants in Bords, Upplands-Bro
and Vésterds; biomass plants in Ostrand and Hyltebruk;
commissioning of a biomass CHP in Sveg ;
commissioning a thermal power plant in Brékne-Hoby)
[16]. Although Sweden has made significant efforts to
decarbonize energy supplies, the share of energy from
biofuels and waste has grown significantly, apparently
without taking into account the associated carbon
emissions. [10]

4.3 Lulea Energy System: General Information

Hereafter in the research the case of Luled is referred to
in order to emphasise its energy system picularities. The
Lule& energy system consists of three main parts: the
SSAB steel factory, the local LuleKraft combined heat
and power production plant (CHPP), which uses the

factory's process gases, and the Luled Energi district
heating system. [17]

Introducing a brief description of the mentioned
objects, it seems necessary to note the following. The
SSAB Luleé factory processes steel pellets from LKAB
in Malmberget and Kiruna to about 200 different types
of steel, each of which has different properties
depending on the application. Each year, SSAB in Luled
delivers about two million tons of steel to the SSAB
Bourlange plant for further processing.[18] SSAB has
appeared in Luled in 1950s at the as the metallurgical
plant and Norrbottens Jarnverk AB, which was state-
owned until the late 1980s when it was listed on the
stock exchange. The metallurgical plant was located in
Lulea due to its proximity to iron ore. In the 1960s,
production and sales increased, and the company became
the second largest steel producer in Sweden with annual
production of 400,000 tons and net sales of 60 billion
SEK. [19]

The Lulea blast furnace is one of the 5 SSABs in the
north. In the summer of 2015, the blast furnace was
renovated after continuous operation for more than 15
years [20]. The renewal of the company's blast furnaces
contributes to both increasing cost-effectiveness and
reducing environmental impact. Repairs have reduced
the costs and have halved dust emissions. The blast
furnace, which was already one of the most economical
in the world, is now reliable and ready for production for
another 15-20 years. [21]

Luled Energi was created in 1896, its steam
generator, allowed to provide lighting among all the
streets of the city. [22] Today, Luled Energi sells and
distributes electricity, Internet connections, bio-energy
and central heating and cooling in Luled. Luled Energi is
probably the most developed district heating system in
Sweden. Within the city, all areas with larger objects are
interconnected. It helps to connect separate zones, and
all zones with direct electricity are converted into water-
based heating systems and district heating.

LuleKraft AB Power Station is a joint property of
Luled Energi and SSAB and provides most of Luled's
district heating and generates electricity. LuleKraft is a
leading district heating player in Sweden.

4.4 Lulea Energy System: Specific Features

Now it is important to address to all the systems
functioning within energy complex of the area. Process
gases, coke oven gas (COG), blast furnace gas (BFG)
and basic oxygen flue gas (BOFG) are generated on
SSAB. [23] These energy-rich process gases are partly
used in SSAB and partly sent to the LuleKraft CHPP,
where they are burned in the boiler, generating steam at
520 ° C, which enters the turbine system. Exiting the
turbine system is a sequential process of the steam
passing at 300 ° C,at95° C,at80° Candat 30 ° C. It
also generates about 80 MW of energy. Steam at 300 ° C
is the process steam, which used in SSAB. Steam with a
temperature of 95 ° C and steam with a temperature of
80 ° C are used to produce heat through a two-stage heat
exchanger, for example, for preheating hot water from
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50 ° C to 90 ° C before being supplied to the district
heating system. Then, the district heating system
provides heating for the entire municipality of Lulea,
about 700 GWh per year. The remaining steam
condenses at the end of the turbine. All temperatures are
approximate, but represent winter conditions.

The energy system is complex, and a global approach
is needed to achieve energy efficiency. [24] Studies of
the integration of processes in the Lulea system (SSAB -
LuleKraft - Luled Energi) have been conducted for
several years. The Luled energy system has been
partially designed, focusing on CHPP. The CHPP plant
is interesting both from the point of view of exergy
(water temperature is the dominant term of exergy) and
from the point of view of industry, since costs can be
reduced in Luled Energi by lowering the temperature in
the production line.

Exergetic fluxes throughout the system have been
studied, and some possibilities for reducing exergetic
losses are discussed. The thermal efficiency of the
exergy SSAB, LuleKraft and Luled Energi is 70%, 40%
and 30%, respectively. The relatively low exergy
thermal efficiency is a natural consequence of the
conversion of valuable chemical energy into water
heating. In an integrated steel factory, exergy losses are
caused by cooling the steel before transportation. At
CHPP, exergy is destroyed mainly in the furnace. In
district heating, exergy is destroyed mainly by the
consumer. The preliminary conclusion is that a lot of
exergy is destroyed and lost to produce hot water, which
actually does not need so much exergy. By lowering the
temperature of the water in central heating, most of the
exergy can be converted to high-value electricity.
Mapping using a combined energy / energy analysis is
important for finding the ways to improve energy
efficiency. It may also be important to start regional
cooperation in the energy field. [25]

At a steel factory natural resources (mainly ore and
coal) are used to produce steel. The main by-products of
the steelmaking process are energy gases: coke oven gas
(COG), [26] blast furnace gas (BFG) and basic oxygen
flue gas (BOFG) [27]. These gases are partially
processed at a metallurgical plant, and surplus is sent to
LuleKraft CHP. LuleKraft produces electricity and hot
water for central heating. Furnace flue gases are used to
dry biomass in the Bioenergi Luled wood pelletizing
plant (not included in this study, energy content is not
significant). Hot water from the CHPP is used for district
heating (important in northern Sweden) in the entire
Lulea region. If we look at the processes in a bit more
detail, the energy gases (COG, BGF and BOFG) are
mixed, and the result is called BLG (“blandgas” in
Swedish). This BLG is used, sometimes enhanced by
some high-energy COG. [28] A certain amount of oil is
used for deflagration, and if a lot of heat is required (on
cold days), additional oil is used as well. Oil and energy
gases are burned in the boiler, and flue gases are used to
pre-heat water. Some flue gases also enter the Bioenergi
Luleé for drying biomass. Part of the steam is exported
back to SSAB, part is used to generate electricity, and
the remaining steam is used to heat water in central
heating through two heat exchangers. The steam

remaining at the end of the turbine system has a very low
energy content and condenses into water. The huge
amount of energy / exergy is being imported into
LuleKraft from energy gases and oil. This is almost
purely chemical energy and, therefore, exergy is equal to
energy. [29]

5 Discussion

In accordance with the study, the definition of the fuel
and energy complex was deduced and its main
advantages compared with diversified production were
indicated.

Speaking about Swedish energy sector as a whole,
the main trends in energy production and processing
were identified, so the main emphasis is made on the
alternative sources - wind, water and biofuels. However,
abandonment of previous practice is proceeding rather
slowly, which can be especially noted for the presence of
atomic generators and generators operating on the basis
of gas, oil, and coal raw materials.

Finally, directly referring to Lulea, which is in the
main focus of this work, it should be noted that the
system of interdependence of enterprises used there,
which allows to achieve maximum energy efficiency is
still imperfect and can be further developed, it is
expected that subsequent studies on this issue will make
it possible to identify recommendations in more detail
and modify what is now proposed. It should also not be
missed the moment that the system built in Luled is the
most efficient in Sweden for a number of reasons, which
generally allow to save the environment, while providing
manufacturers and consumers the maximum benefit.
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