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Foreword
IVA’s Electricity Crossroads project explores what the Swedish electricity system will look like in
the period 2030 to 2050 and the alternative paths that are available. An important starting point
has been to look at how electricity demand will change, both in terms of energy and power, and
how customers might engage in the market in the future. This is the question that the Electricity
Usage Work Group has been tasked to explore and one that we have approached with humility.
We had three important starting points for our work:
• Electricity is an efficient energy carrier. A greater degree of electrification can lead to increased energy
efficiency and reduced environmental impact. Climate-neutral electricity makes the electricity system an
important tool in the effort to tackle climate change.
• Sweden benefits from a stable supply of electricity with low prices. The relative cost of
electricity has been, and will be in the future, important to Sweden's competitiveness.
• Continuing efforts by companies to create more efficient production and smarter products, in conjunction
with economic and structural development, leads to more efficient energy use. Properly designed
instruments for energy efficiency help to eliminate poor products from the market and stimulate the
development and implementation of new and better solutions.
What does the future hold? Obviously, we cannot provide all the answers, but our aim is to
highlight a number of important factors that will affect future electricity use, and how the
combination of these will affect total electricity use in Sweden. However, we cannot predict the
unexpected. Technology leaps and disruptive technologies are something that by their nature
cannot be predicted.
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1. Conclusions
and summary
Many of the things that we nowadays take for
granted, such as health care, communications
and the Internet, would not be possible without
electricity. Modern society relies on electricity
to function.
Electricity use in Sweden has remained constant over the past 25 years at around 130–140
TWh, excluding losses. Prior to this, usage increased by around 4–5 percent per year from a
level of 60 TWh in 1970. In 2013, total electricity
use was nearly 130 TWh, excluding losses, with
the highest use concentrated in southern Sweden.
With stricter requirements for reduced greenhouse gases emissions, electricity can play an
important role in replacing fossil fuels. At the
same time, society is becoming increasingly
digitised and IT use is increasing rapidly, which
requires more electricity.
It is not easy to forecast future electricity use.
Earlier forecasts and scenarios are relatively accurate for a 10–15 year timeframe, but become
increasingly inaccurate for 30–35 years into the
future. This report highlights the factors that
may affect future electricity use in terms of energy and power in Sweden for the time period
2030 to 2050. The report aims to show how
electricity use may change based on developments in Sweden and the rest of the world.
KEY FACTORS AFFECTING
ELECTRICITY USE IN THE FUTURE
The amount of electricity used in Sweden in
the future will depend on a number of factors.
Those believed to have the greatest significance
can be grouped as follows:

• Economic development, including development
of industry and structural change.
• Population growth due to considerable
uncertainty about the number of residents in
Sweden in 2050.
• Technological development in the form of
continual improvements and technological
breakthroughs.
• Political decisions and control mechanisms
could both directly and indirectly affect future
electricity use.
Table 1 shows different factors and the impact
they may have on future electricity use.
ESTIMATE OF FUTURE
ELECTRICITY USE (ENERGY)
It is estimated that total electricity use for the
period from 2030 to 2050 will be 128–165 TWh,
excluding losses.
This estimate is based on growing societal
demand for climate neutrality and resource efficiency, which will contribute to an increase
in electrification. Sweden's population will be
almost 11.4 million in 2030 and nearly 12.5
million in 2050. More housing, more services
and greater comfort will be required, which
will lead to an increased demand for electricity. Simultaneously, this increase will offset by
energy efficiency improvements due to technological advances and political initiatives. Sweden's comparative advantages, such domestic
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raw materials and technical expertise, will continue to provide good growth potential for industrial production in the country. The estimate
is also based on environmental concerns, both
climate and other environmental issues, as well
as health-related issues such as air quality and
urban noise pollution being key driving forces
beyond 2030. In addition, the automotive market will be steered in a direction that reduces
both greenhouse gas emissions as well as other
environmental emissions and that electric vehicles will be a clear part of the solution.
ESTIMATE OF FUTURE
ELECTRICITY USE (POWER)
Customers' expectations of high delivery reliability and good quality electricity will remain
high. Many of the new functions in modern society, such as those found in the IT sector, industry and health care, rely increasingly on electricity. In the future, the supply of electricity must
meet demand, and being able to control power
demand is central to this.
In 2014, power demand in Sweden ranged
from between about 8,500 MWh/h to 25,000
MWh/h. However, it was only for about 200
hours that demand exceeded 20,000 MW. Yearly and daily variations in power demand are
mainly driven by household energy use, particularly electricity for heating, which contributes to a peak load of about 7,000 MW (during
a normal year) or 8,000 MW (in a 20-year winter). Power demand in the transport sector and
in industry is relatively constant throughout
the year, given that industrial production and
transportation operate all year round and often
around the clock.
Assuming that the electricity power demand
changes proportionately to electricity use, the
maximum power demand beyond 2030 will
reach 23,600 to 28,700 MW, excluding distribution losses. This is based on an estimated
electricity use of 128–165 TWh, excluding losses. If electricity use for heating reduces, it is
also assumed that power demand will decline
slightly in the winter. Seasonal variations in
electricity demand, driven partly by the need
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for heating, will continue to exist in the future
and new consumption patterns may arise, for
example, driven by the electrification of the
transport sector or an increase in the number
of data centres.
There is potential for increased demand flexibility, both in industry and among private consumers, however, only if it does not compromise
customers’ comfort or prevent industry being
able to carry out essential processes. Demand
flexibility is not sustainable over longer periods
and therefore cannot be compared with production resources.
The potential for demand flexibility in the system is estimated to be 3,000–4,500 MW, but it
will differ in terms of endurance and how often
it is available, the type of technical solutions (e.g.
local energy storage), as well as which incentives
and price signals will be required to make it happen. Further analysis of this is required.
SOME IMPORTANT OBSERVATIONS
It is difficult to forecast future electricity use
and several scenarios are possible. Development will be affected by factors that cannot be
directly influenced, such as population growth,
global technological development and economic
growth. However, there are a few final observations that are important to highlight:
• Continued economic growth is considered
to be important for improved energy
efficiency. Investments made by households
and industry have resulted in efficiency
improvements and these investments have
historically mainly been made during periods
of higher growth.
• Electrification of the transport sector can
have significant climate and environmental
benefits and greatly contribute to better energy
efficiency in society, as electricity directly
replaces fossil fuels and electric motors are a lot
more efficient than combustion engines. This
is expected to have a considerable impact on
Sweden's electricity use and power demand
throughout the day.

• The way in which Sweden meets its heating
needs in the future will have an impact on future
electricity demand, especially in respect of the
large seasonal variations and peak loads during
the winter. It should, however, be emphasised
that electricity could play an important role in
the future, for example, to power heat pumps.
• Sweden is well placed to have electricity supply
with low climate and environmental impact.
Its absolute electricity use is of the same
importance as the maximum power demand,
which determines the dimensions of the
electricity system. It is therefore beneficial to
encourage behaviour that reduces maximum
power demand and in doing so permanently
reduce power peaks, especially as these occur
only a few hours a year. In the long run it leads to
lower costs for consumers.

• There are both natural and behavioural
explanations for why the daily, weekly and
seasonal demand profile looks like it does; we
cook at dinner time, turn on the heating when
it is cold and put the lights on when it gets dark.
However, there is high technological potential
to control and shift demand (demand flexibility)
from hours of high loads, and thereby lower the
highest peaks, without compromising comfort.
This could change the usage profile compared
to today. It could be further improved by using
storage technologies that can cost-effectively
even out the demand profile over a 24-hour
period.

Table 1: The impact of different factors on future electricity use in Sweden.
Factors

Change 2030–2050

Increase in population of one million people

Increase 8–11 TWh1

Full electrification of the transport sector

Increase around 13 TWh

Phasing out all mechanical pulp production (~ 2 TWh per mill)

Reduction around 10 TWh

Large-scale CCS

Increase 2–5 TWh

Total electrification of the steel industry

Increase 15–20 TWh

Large-scale establishment of data centres

Increase 6–102 TWh

Table 2: Collective assessment of future electricity use (excluding distribution losses) beyond 2030 by sector.
Electricity use 2013
[TWh]

Estimated electricity
use beyond 2030
[TWh]

Housing and services

71

65–85

Industry (incl. data centres)

51

50–60

Transport

3

10–16

Sector

3

Other electricity use
Totalt

4

4

3–4

129

128–165
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2. Introduction
This report highlights the factors that could affect future electricity use in Sweden in the period 2030 to 2050, both in terms of energy and
power. The report aims to show how electricity
usage may change depending on developments
in Sweden and the rest of the world.
The report has been produced by the Electricity Usage Work Group as part of IVA's Electricity
Crossroads project. The work group comprises
decision-makers and experts representing different aspects of electricity usage in society. As part
of group’s work, they have organised seminars,
to which experts have been invited to share their
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knowledge on various issues, and have collected
evidence, including a specially commissioned
study by the research project North European
Power Perspectives (NEPP) on Scenarios for future electricity use, which analyses the factors
that affect future electricity use. In addition, the
work group has held around ten full day meetings to discuss and analyse particular issues.
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3. Electricity use
development to date
In 2013, Sweden’s total electricity use increased
to nearly 130 TWh, excluding losses. Over 60
percent of usage is concentrated in southern
Sweden in densely populated areas in electricity
area 3, see Figure 1 (SCB, 2015). Electricity use
per capita in Sweden is relatively high compared
to other countries, partly because of its geographical location with cold winters and high
use of electricity for heating, and partly because
Sweden has large power-intensive industries.
Electricity use is usually divided into user sectors: industrial, housing, services and transport, each with its own variations throughout
the year, see Figure 2. One reason for this is the
increased demand for heating and lighting during the winter.

Electricity use in Sweden over the past 25 years
has been relatively constant at around 130–140
TWh, excluding losses. Prior to this, electricity
use increased by around 4–5 percent per year
from a level of 60 TWh in 1970, see Figure 3.
During a period in the early 1980s there was a
very sharp rise in electricity use. This was partly
a reaction to the sharp rise in oil prices that followed the oil crises of the 1970s, while simultaneously there was a rapid expansion of nuclear
power that resulted in a surplus of electricity.
This, together with government incentives for
electric heating, resulted in a large transition
from oil to electricity in the heating sector (National Board of Housing, 2003). Another important reason for the increase in electricity use was

Figure 1: Annual electricity use in the four bidding
areas (Nord Pool Spot, 2015).

Figure 2: Monthly electricity use in each sector
in 2014 (SCB, 2015).
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Figure 3: Sweden's electricity use broken down by sector from 1970 to 2013, excluding losses. ’Other electricity
use’ includes the electricity used in refineries and for district heating (Swedish Energy Agency, 2015a).
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Figure 4: Sweden's inal energy use broken down by energy carrier as well as electricity's
share of total energy use from 1970 to 2013 (Swedish Energy Agency, 2015a).
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increased production in the primary industries
(Sköldberg, et al., 2006: 05).
Electricity use between 1990 and today is
markedly different from that in 1970 to 1990.
This is due to a number of factors, which are
discussed in more detail under the respective
sectors.
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The share of electricity in Sweden’s total energy use has increased from 15 percent in 1970
to 33 percent in 2013, see Figure 4. The same
trend can be also seen across the whole of the
Nordic region.

ELECTRICITY USE IN THE HOUSING
AND SERVICE SECTOR
The housing and service sector includes housing, business premises, agriculture 5 and other
services6 and the service industry. Electricity use
in the housing and service sector closely reflects
the total energy use in this sector, particularly
in terms of energy for heating and hot water.
Therefore, electricity use is discussed in the context of the sector's total energy demand. Figure
5 shows the sector’s energy use since 1970, broken down by energy carriers. The figure shows
that certain energy carriers, such as oil, have
been phased out and replaced by others, such as
electricity and district heating.
Electricity use in the housing and service sector was just over 70 TWh in 2013. Use in the
sector grew steadily from the 1970s to the mid1990s. Since then, electricity use has remained
relatively constant at the current level of 70
TWh. Figure 6 shows the total (temperature corrected7) use of electricity in the sector, broken
down into electricity for heating, electricity for
household purposes, and operating electricity
(electricity used in property management and

commercial buildings). Official statistics also
include the use of electricity in data centres as
part of the service sector. These are part of the
so-called IT sector, which spans several sectors.
Definition: Household electricity means the
electricity used by households in housing,
for example, for electrical appliances such
as televisions, lights, refrigerators etc.
In a multi-dwelling property, household
electricity is the electricity used inside
the apartments, while the electricity used
for stairway lighting, fans, pumps etc. is
described as electricity used for facilities
management and is included in the
statistics as operating electricity.
The use of household electricity has more than
doubled since 1970, from 9 TWh to nearly 22
TWh in 2013. The use per capita and year has
increased by more than 75 percent since 1970.
However, the rate of increase has declined in recent years, see Figure 7. The increase can partly
be attributed to an increase in the number of
households (from just over 3 million (SCB, 1977)
in 1970 to almost 4.8 million today (SCB, 2015))

Figure 5: Historical energy use in the housing and service sector and electricity's share of total energy use.
(Swedish Energy Agency, 2015a).
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Figure 6: Temperature-adjusted electricity use in the
housing and service sector from 1970 to 2013 in TWh
(Swedish Energy Agency, 2015a).

Figure 7: The use of household electricity per person
per year. (Swedish Energy Agency, 2015a), (Statistics
Sweden, 2015).

TWh

MWh/year and person

80

2,5

70
2,0

60

Operating electricity

50

1,5

40

Household electricity

30

1,0

20

0,5

Electricity for heating

10

Definition: Operating electricity is a
combination of electricity used for
facilities management and commercial
properties. Electricity used for facility
management purposes is the electricity
used in fixed installations and systems in
residential buildings, such as ventilation,
elevators, escalators and general lighting.
Electricity for commercial properties,
includes the electricity used for activities
carried out in commercial buildings, such
as computers, appliances and lighting
over desks and other workplaces (Swedish
Energy Agency, 2015a).
Operating electricity has increased steadily from
8 TWh in 1970 to just over 30 TWh in 2013. This is
partly explained by a sharp increase in electricity
use in service industries (such as offices, schools,
shops, hospitals) in the 1980s, which was due to

16

13

10

20

20

05
20

00
20

95
19

90
19

85
19

80
19

75
19

19

13

10

20

20

05
20

00
20

95
19

90
19

85
19

80
19

75

70

19

19

and because households have more electrical appliances. The increase is being counteracted, if
not completely, by devices becoming more energy efficient (Swedish Energy Agency, 2015a).
Other factors that affect the use of household
electricity are population growth, household finances and the average floor area i.e. the amount
of living space per person.

70

0,0

0

an expansion of services, an improvement in the
standard of the premises, and a large increase in
the number of devices, such as computers, used
in the service industry. Electricity use in the service sector has also increased because the service
sector has expanded in scope during this period.
In the same way as for household electricity,
there are two opposing trends that affect the
use of operating electricity. Despite appliances
becoming more energy-efficient, the number of
devices and the number of features on devices is
increasing. Other factors that affect the use of
operating electricity, include Sweden's economy,
the size of premises, types of contract and ownership models (for example, so-called shared incentives8), facilities management operations and
rises in standards.
Definition: Electric heating is the collective
name for heating systems that use electricity.
They include different types of systems,
such as direct-acting heating or heat pumpbased. Heat can be distributed throughout
the building in various ways, such as panel
convector heater, electric radiators, electric
underfloor heating, waterborne underfloor
heating, waterborne radiator systems and
air source heating.

As the outside temperature affects how much
energy is used for heating, it can result in large
variations from year to year. In 1990, the use
of electric heating increased significantly from 5
TWh in 1970 to nearly 30 TWh. This was partly
due to the large number of houses that were built
with direct electric heating during the period
from 1965 to 1980. This development went hand
in hand with the expansion of nuclear power.
In order to reduce dependence on oil after the
oil crises, a large number of single-dwelling
houses were also converted from oil-fired boilers to electric boilers in the years up to 1990.
From 1990, the trend reversed and electricity use
started to decrease. In 2013, the use of electricity for heating amounted to just 19 TWh. One of
the reasons for this decrease was that electricity
prices had previously been relatively high, which
gave an incentive to switch from electric to district heating, pellets or heat pumps (Swedish Energy Agency, 2015: 08).
Key factors affecting the future electricity use
for heating are energy efficiency improvements
in existing buildings, population growth, building regulations relating to energy performance,

the construction rate of new buildings, policy
goals and control mechanisms, the outdoor climate as well as property owners' preferences.
ELECTRICITY USE IN
THE INDUSTRIAL SECTOR
Energy use in industry has remained relatively
constant since 1970, despite an increase in industrial production. This is a result of energy
efficiency improvements along with a gradual
transition from oil to electricity and biofuels,
see Figure 8.
Sweden's good access to raw materials in the
form of forests and iron ore, as well as reasonably competitive electricity prices, have contributed to a relatively large electricity-intensive industrial sector. Four electricity-intensive industries
account for about 75 percent of industry's total
electricity use; the pulp and paper industry, the
iron and steel industry, the chemical industry
and mining and mineral extraction. In 2013,
electricity use in the industrial sector amounted
to 51 TWh and has been around 50–55 TWh since

Figure 8: Historical energy use in the industrial sector and electricity's share of total energy use
(Swedish Energy Agency, 2015a).
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Figure 10: Industry’s electricity use from 1970
to 2013 TWh (Swedish Energy Agency, 2015a).
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Figure 11: Industry’s value added plus electricity
use and energy intensity9 (NEPP, 2015).
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the late 1980s (see Figure 10). During the 1970s,
there were two oil price shocks, which resulted
in a shift from oil to, among other things, electricity in the industrial sector. However, in the
1980s there was a major increase in the use of
electricity in industry, partly caused by expansion in the production of thermomechanical
pulp in the forestry industry. Long term economic growth also contributed to an increase
in the use of electricity. In the early 1990s, electricity use declined once again due to economic
recession and structural change (Sköldberg, et
al., 2006: 05).
Until the early 1990s, industrial electricity use
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was closely linked to its value added. However,
from 1993, industry’s value added increased
significantly while the production volume more
than doubled. Despite this, electricity use has remained at approximately the same level as in the
early 1990s, see Figure 11. This is partly because
a number of industries (such as the mechanical
and pharmaceutical industries), which use relatively little electricity compared to the value of
the goods and services they produce, have expanded significantly (see Figure 12). In addition,
production in electricity-intensive industries
has become increasingly knowledge-intensive.
In addition, energy efficiency improvements in

Figure 12: Structural changes within industry. Electricity use and value added broken down by different sectors
as a percentage of industry’s total electricity use and value added (data taken from (NEPP, 2015)).
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production processes and the shift towards a
greater production of services has had an impact. This has reduced the amount of energy
used per unit. Energy efficiency improvements
have partly involved switching from fossil fuels
to electricity, which, on the other hand, results
in an increased use of electricity (SOU, 2015: 87).
Factors that affect the industrial sector's future electricity use include economic development, production developments in the sector,
relative price changes among energy carriers,
including taxes and other control mechanisms,
and in the longer term, technological advances and energy efficiency improvements. Since
four electricity-intensive industries account for
about 75 percent of industry's total electricity
use, their development will significantly affect
electricity use in the future.
ELECTRICITY USE IN THE
TRANSPORT SECTOR
When cars were introduced a little over a hundred years ago, propulsion using steam, electricity and internal combustion engines was the
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norm. When Henry Ford started building cars
with internal combustion engines on the assembly line, they quickly became cheaper, starting
an industrial revolution that began to develop
in parallel with the emerging oil industry. The
combustion engine soon became the dominant
standard and today 90 percent of all vehicles are
powered by oil (Chalmers, 2014 a).
Electricity use in the transport sector in 2013
amounted to just under 3 TWh, which represents
about 3 percent of total energy use (85 TWh) in
the sector, see Figure 13. The general trend in
the transport sector since the 1970s is that the
total energy use is increasing, and reached its
highest level in 2007 (92.8 TWh) (Swedish Energy Agency, 2015: 08). In recent years, however,
use has declined, which could indicate that the
trend is about to be broken. Electricity use in the
transport sector is currently dominated entirely
by rail traffic (including train, underground and
tram services), which in the 2000s varied from
year to year, albeit with relatively small variations, see Figure 14.
By the end of 2014, there were nearly 4.6 million cars on the road. Rechargeable cars (electric cars and plug-in hybrids) accounted for just
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Figure 13: The transport sector’s energy use broken down between different energy carriers
(Swedish Energy Agency, 2015a).
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Figure 14: The transport sector's electricity use from
1970 to 2013 (Swedish Energy Agency, 2015a).
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Figure 15: Newly-registered rechargeable cars per
year and the total number of rechargeable cars on the
Swedish market. (Transport Analysis, 2015).
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under 1.5 percent (4,677 vehicles) of new car
sales in 2014, which amounted to more than
320,000 vehicles. The number of rechargeable
cars has increased from more than 120 cars in
2005 to nearly 7,000 at the start of 2015. Taking other rechargeable vehicles into account, the
number was nearly 8,000. According to monthly
statistics from the Swedish Transport Analysis
Agency, 5,145 new rechargeable cars have been
registered in 2015 alone (January to September
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2015), which gives an indication of how quickly
the electric car market is growing right now, see
Figure 15. (Transport Analysis, 2015). The bottleneck for the development of electric vehicles
today is the battery, which is crucial to both the
cost and performance (Stahl, et al., ud). However, batteries are rapidly dropping in price, which
may affect how the speed of development (see
the section on Small-scale energy storage and
batteries in chapter 4).

Figure 16: Electricity use in the district heating sector and refineries
(Swedish Energy Agency, 2015a).
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Factors that affect the transport sector's electricity use are mainly technology development,
prices of batteries, EU and national policy objectives, national policies, standards and other
control mechanisms, efficiency improvements
and customer preferences.
OTHER ELECTRICITY USE
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sectors are presented as ’other electricity’ in this
study. In Sweden, electricity is used in refineries (just under 3 TWh in 2013) in the production of fuel and in district heating production,
to directly fuel the boilers and to drive the heat
pumps, as well as for other purposes. In Sweden,
approximately 1.5 TWh of electricity was used
for district heating production in 2013. Low
electricity prices may provide an incentive to use
more electricity for district heating.

District heating and refineries are reported separately in official statistics, which is why these
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4. Key factors affecting
future electricity use
Looking at how the amount of electricity used
has changed over time, can provide useful
knowledge for the future. Factors that have affected electricity use in the past, may also have
an impact on electricity use in the future, but
can also be complemented with new perspectives. The factors believed to have the greatest
significance on the amount of electricity used in
the future can be grouped as follows:
•
•
•
•

Economic development
Population growth
Technological development
Political decisions and control mechanisms

History has shown that unpredictable changes
in trends in these areas have impacted electricity
use and there is reason to believe that this will
continue in the future. However, it is difficult to
estimate the likelihood of trends changing, and
what impact they would have on the amount of
electricity used. Below is a detailed discussion of
the factors outlined above as well as a discussion
on possible changes in trends. This forms the
basis of the overall conclusions on future electricity use (energy and power) in Chapter 5 and
Chapter 6.
ECONOMIC GROWTH
Sweden's economy as a whole is expected to continue to grow in the coming decades. According
to the Swedish National Institute of Economic
Research (NIER)’s macroeconomic base scenarios, GDP will increase by 55 percent, or just over
2 percent per year, up until 2035. (SOU, 2015: 87)
When analysing the economy's impact on future
electricity use, it is also important to take into

account developments in the EU, partly because
the EU is a major export market for Swedish industry and, partly because developments in the
EU affect the policies that will be introduced by
the EU and the energy and climate goals that will
be set in the future. The latest EU Reference Scenario (EC 2013) projects an average GDP growth
in the EU of 1.5 percent per year until 2050. In
the Nordic countries, a level of about 2 percent
per year is projected (NEPP, 2015).
Historically, structural change, i.e. changes
to production and labour across sectors of the
economy, has had profound effects on both
economic growth and the use of various input
goods, including electricity. New technologies,
relative price changes and changes in usage patterns are examples of important factors driving
this transformation. Sweden’s economy and the
structure of Sweden’s commercial sector have
changed throughout the 1900s. There has been
a shift from agriculture, forestry and fishing being the dominant sectors to a rapid expansion of
industry and a growing service sector.
The Swedish economy today is based on
knowledge-intensive goods and services, while
industry is largely based around raw materials that are produced domestically. Looking
at the changes that have taken place since the
late 1970s, they are mostly characterised by increased globalisation and the opportunities provided by advances in ICT. As a result the service
sector has grown strongly in recent decades and
currently accounts for two-thirds of total employment, and a similar proportion of industry's
contribution to GDP (SOU, 2015: 87).
Electricity use in industry was, until the late
1990s, closely linked to the processing volume
and, as a result, electricity use in Sweden increased in line with GDP growth. Subsequently,
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Figure 17: GDP and electricity use, as well as energy intensity in the EU15 (top) and Sweden (bottom)
during the period 1961–2012. During the late 1990s, there was a "decoupling" between GDP and electricity
consumption in Sweden. The energy intensity decreases. Within the EU the "decoupling" occurred during
the early 2000s.
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electricity use and value added have partly been
decoupled. Decoupling means that the value
added in industry is no longer as good an indicator of how electricity use may develop in the
future. In the EU, decoupling between electricity
use and GDP growth came somewhat later, in
the early 2000s, see Figure 17. (NEPP, 2015). It
is, however, worth pointing out that this decoupling has not yet happened in, for example, the
pulp and paper industry, which is the industrial
sector that uses by far the most electricity.
Within mining and mineral extraction, the
value added and electricity use were in principle linked until the mid 2000s. Between 2005
and 2012, value added decreased by 17 percent,
while electricity use increased by 40 percent as
a result of increased automation of production
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processes in the sector. In both the chemical industry, and the steel and metal industry, however, a significant decoupling of the value added
and electricity use has been taking place since
the early 1990s. Until 2012, the value added
by the chemical industry rose threefold, while
electricity use remained unchanged. This was
mainly due to the growth of the pharmaceutical industry, which has relatively low electricity
intensity (SOU, 2015: 87).
It is reasonable to assume that decoupling
between electricity use and GDP will continue,
but there will continue to be a dependence on
GDP in the way that electricity use develops in
the future. Increased economic activity implies
that electricity use will increase. Future electricity use will also depend on continued interna-

tional competition and how Swedish companies
respond to this (SOU, 2015: 87).
POPULATION GROWTH
How Sweden's electricity use evolves beyond
2030 will depend heavily on population growth.
In 1900, there were more than 5 million people
living in Sweden. In 2014, the population was
9.7 million, i.e. the population has almost doubled since the last century. The rapid increase in
recent years can be attributed to high immigration. Statistics Sweden estimates that the total
population of Sweden, according to their primary alternative, will exceed 10 million inhabitants
in 2016, see Figure 18. The next million limit, 11
million, is projected to be reached in 2025. At
the end of the Statistics Sweden’s forecast period
in 2060, the population in Sweden to predicted
to be close to 13 million (SCB, 2015: 2).
As shown in Figure 7, the use of household
electricity per capita has increased since the
1970s due to increased living standards, the
number of people per household etc. As can be
seen in Figure 18, the population forecast varies
by nearly 4 million in 2050, from just over 10
million (low immigration) to almost 14 million
(high immigration). This could result in a dif-

ference in electricity use of 30–40 TWh. Besides
the direct impact of "the number of inhabitants
in Sweden" on electricity use, the "number of
households" and "average floor space in the
service sector" will also have an impact (NEPP,
2015).

The impact of urbanisation
on electricity use

As mentioned in Chapter 3, electricity use is
concentrated in southern Sweden, mainly in
densely populated areas. Urbanisation has been
a trend for more than 100 years with people
moving from the countryside to expanding urban areas. There has been an upward movement
in the hierarchy of areas, i.e. the larger urban
areas have seen greater population growth than
the smaller ones. The Swedish population’s relocation from country to city is largely complete
and the rural population is no longer declining
in terms of absolute figures. However, amongst
the urban population, there is still a shift taking
place from the smaller to the larger urban areas
(Svanström, 2015: 1).
The maps in Figure 19 shows the current population (left) and relative population growth in
2040 (right). The figure shows that the population in some municipalities, mainly in the north,
is expected to decrease by more than 20 percent,

Figure 18: Population growth up to 2014 and forecasts until 2060 with varying assumptions
with regard to, for example, the rate of migration. Source: (Statistics Sweden, 2015: 2) (NEPP, 2015).
Millons
16

Forecast

15

High migration
High fertility

14
13
12
30–40
TWh electricity

11
10

Low mortality
Assumption
High mortality
Low fertility
Low migration

9
8
2000

2010

2020

2030

2040

2050

2060

25

Befolkning 2013
Figure 19: The< maps
25 000shows today's
population (left)25as001
well
as the relative
- 50 000
population growth and urbanisation
50 001 - 200 000
trends until 2040
(right) (WSP's
200data
001 -from
350 000
analysis based on
Statistics
350 000
Sweden, 2015),>(WSP,
2014).

Relativ befolkningsutveckling 2013-2040
< -20%

Relative
growth 2013–20402013-2040
Relativpopulation
befolkningsutveckling

-19% - -10%

-20 %
<< -20%

-9% - -5%

-19 % -–-10%
-10 %
-19%

-4% - 0%

-9 % -–-5%
-5 %
-9%

1% - 5%

-4 %-–0%
-0 %
-4%

6% - 10%

1 % -–5%
5%
1%

11% - 20%

6 % -–10%
10 %
6%

25 000
<< 25

21% - 30%

11 % -–20%
20 %
11%

25
001 - 50 000
25001–50000

> 31%

21 % -–30%
30 %
21%

Population
2013
Befolkning
2013

50
001 - 200 000
50001–200000

31 %
>> 31%

200
001 - 350 000
200001–350000
>> 350
000
350000

while other municipalities, mainly in southern
Sweden, are expected to increase by more than
20 percent. The areas that are expected to grow
the most are Stockholm, Skåne and Västra
Götaland, while the population of Norrbotten
and Västernorrland, for example, is predicted
to decrease.
TECHNOLOGICAL DEVELOPMENT
Technology development can take the form
of continuous improvements or technological
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breakthroughs. For example, major appliances
have become 60 percent or more energy efficient
over the past decade. An example of a technological breakthrough is LED lighting, which uses
85–90 percent less electricity than traditional
incandescent bulbs. LED lighting is expected
to continue to evolve and become two to three
times more energy efficient than it is today (IVA,
2014). In 2011, the Swedish Energy Agency estimated savings of 6 TWh per year if all lighting
was to be replaced with LED lighting. (Bennich,
2011). Heat pumps have also undergone significant technological development and efficiency

improvements in recent years, particularly in
terms of improvements to the coefficient of performance (COP), speed controlled circulations
pumps and performance at low temperatures for
air-to-air pumps (IVA, 2014). These examples
show that there is every reason to believe that
technological advances will also have a significant impact on future electricity use. Below, we
discuss some of the areas in which technology
development is expected.

The importance of, and potential
for, improved energy efficiency

Continuous technological development and efficiency improvements have led to lower electricity use than if there had been no further development. The factors driving energy efficiency
improvements in society can be divided into political, economic, technological and structural
factors.
There is generally a correlation between state
of the economy and reductions in energy intensity (NEPP, 2015), (Thollander, et al., 2010). Energy intensity (the ratio of energy use to GDP/value added) in Sweden decreases when companies
are paid more for their products (i.e. they have
higher added value), but also when measures
are taken. Measures are, for example, so called
structural energy efficiency improvements,
which mean that companies, unprofitable factories and production lines are shut down and
replaced with more efficient ones. New buildings are a lot more energy efficient than old
ones. So-called autonomous energy efficiency
improvements involve companies constantly removing bottlenecks and increasing the utilisation of their facilities, and property owners and
private individuals replacing old products with
more energy efficient ones. All these measures
are driven by economic growth and confidence
in the future, and it is why energy use has not
increased in Sweden despite increased production (Thollander & Jensen, 2012).
Energy efficiency has traditionally been focused around technology and investments. It
is also central to how technology is used and
how so-called energy management (Backlund
et al., 2012) is carried out by companies and in
buildings.

Ecodesign and energy labelling are examples
of policy initiatives aimed at removing poor
products from the market and empowering
customers to make informed choices. Financial
support for research and innovation helps stakeholders develop new, more efficient solutions.
Shared learning and stakeholder collaboration
via networks and incentive schemes also influence energy use (Paramo Nova, et al., 2015).
Changes to tax regulation and fees affect price
signals and may change the relationship between
material- and service-based consumption. If energy efficiency improvements are desired that
can no longer be economically justified, in order
to achieve societal goals (economic or qualitative), incentive schemes or similar need to be considered. It is important that these are introduced
with caution so as to not adversely affect global
competition nor upset the market balance.
Many energy efficiency measures are aimed
at replacing processes driven by fossil fuels with
electricity, which is one of the main reasons
why Sweden in the 1970s managed to decouple
economic growth from increased carbon dioxide emissions. Electrification of production
processes in the future could result in greater
electricity use, even if energy efficiency improves
as a whole. Stricter requirements on emission reductions in the future and a transition to a sustainable society may require further electrification of society more fossil fuels to be replaced by
electricity. This assumes, however, that electricity is generated from sustainable energy sources.

Mobility and infrastructure

Running vehicles on electricity is a way to reduce dependence on oil, lower greenhouse gas
emissions and improve air quality in cities. Such
a shift would, of course, affect future electricity use.
Electromobility is a generic name for a number of technologies and systems that can be used
to transport people and goods using electric
power. The latest type of electromobility vehicles are battery-powered electric vehicles. Obstacles to the electrification of road transport
include high prices for batteries and electric
motors, as well as limited driving range on battery power. Furthermore, a transition to elec-
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tromobility also requires new infrastructure,
changes to laws and the establishment of new
manufacturing industries, which makes it difficult to assess how long the transition will take
(Chalmers, 2014 a).
Electric vehicles are available today, but for
the electric vehicle market to grow, the charging
infrastructure is a key issue. For the market to
be invested in, both charging stations and charging points are needed as well as systems for communication, payments and services. There are
both technical and economic challenges associated with the infrastructure needed for electric
vehicles that must be overcome (Ståhl, et al.,
u.d.), (Chalmers, 2014:a).
Another way to electrify the transport system, especially with regard to heavy transport
vehicles, is to invest in electric roads. Due to a
continuous power supply from the grid, little or
no battery storage is required. The introduction
of electric roads is a major infrastructural decision that the government would have to make,
as opposed to the infrastructure required for
charging cars (Swedish Energy Agency, 2015:
10). In Sweden, two projects involving conductive charging have started, one a two kilometre
stretch of road north of Stockholm that will be
equipped with electric rails embedded in the
road and the other, a two-kilometre stretch
along the E16 at Sandviken equipped with overhead contact lines. The projects will serve as
demonstration pilots.

Technological developments in industry
that impact future electricity use

Another area that can affect the future electricity use is the development of industrial CCS (carbon capture and storage) for the capture, transport and storage of carbon dioxide and CCU
(carbon capture utilisation), which describes
ways that the separated carbon can be reused.
CCS is a technology that could eliminate a large
part of industry's carbon emissions. A future
investment in CCS to reach the climate targets
would result in a slight increase in electricity use
in the industrial sector, as electricity is needed
to pressurise the pure carbon dioxide so it can
be transported. The amount of electricity that
is needed will depend on which CCS technol-
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ogy is chosen and the direction that technology
development takes over the next 10–20 years.
Introducing CCS, which enables up to 50 percent of industry's carbon dioxide emissions to
be captured, can increase electricity use by 2.5
TWh. If CCS is fully embraced using a technology with a high power consumption, electricity
demand may reach around 5 TWh 2040/2050
(NEPP, 2015).
Electrochemical and electrolytic processes
are being continuously developed for various
heating and processing purposes, but many of
these technologies are currently far from commercialisation. Electrification of industry can
also be done indirectly by using hydrogen that
is produced using electrolysis of water. For this
to become a realistic option, wide-reaching and
long-term investment in the technology is needed. If the steel industry were to move from coaland coke-based reduction processes to reduction
using hydrogen or by electrolysis, 15–20 TWh of
carbon could be replaced by approximately the
same amount of electricity and, as a result, result in a reduction of approximately 6 million
tonnes of carbon emissions per year (Åhman, et
al., 2012); (Ulcos, 2015).
Electrification could also offer opportunities
in the future for the petrochemical industry in
the production of raw materials, such as ethylene and propylene for plastics manufacturing.
The reason for this is the concept of power-togas, where electricity is used to split water into
hydrogen via electrolysis. Several possible processes for the production of ethylene and propane are currently under development. To produce 1 tonne of ethylene (an equivalent of 13–14
MWh of electricity today) would require about
25 MWh of electricity in a future optimised process based entirely on electricity and about 3
tons of captured carbon dioxide. The volume of
ethane and propylene produced today from electricity, carbon dioxide and water would require
approximately 20–25 TWh of electricity and approximately 3 million tonnes of carbon dioxide.
A lot of technological development would be
required and based on today's technology and
performance of electrolysers it would be about
35 MWh of electricity per ton of ethylene (Ericsson et al., 2015).

The impact of digitisation
on future electricity use

The amount of electricity used by the Internet
in 2013 is estimated to be just under 10 percent
of the total electricity use in the world (Koomey,
2013). This includes the network itself, data centres and the terminals that are used. It is the latter, i.e. computers, tablets, phones and sensors
that account for the most electricity. Individually, they do not use a lot of electricity, but together
there are a huge number of them. In the past five
years, the number of internet users in the world
has doubled from 1.5 billion in 2008 to 3 billion
in 2014. Many in the industry believe that this
figure will double to 6 billion by 2020. The technology is getting increasingly more energy efficient, but it is almost certain that there will be an
increase in the total amount of electricity used.

It is not clear where the boundaries for Internet electricity use should be drawn. There
is a lot of IT that accompanies the Internet: office IT, industrial IT, automotive IT and so on,
and these systems increasingly use the internet.
Smart phones have blurred the boundary between telecommunications and IT, and television
is increasingly distributed via the Internet. The
more the Internet becomes integrated in other
products, the harder it will be to define where
these boundaries lie.
Digitisation has already transformed many
industries: travel, books, magazines, education, music, films, banking and so on. Often,
the use of the Internet reduces energy use as
well as electricity use, although it difficult to
estimate how big the reduction is. In the Internet of Things made up of devices and sys-

Figure 20: Changes in the cost of lithium-ion batteries (Nordling et al., 2015).
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tems that communicate with each other, more
industries will be affected: mechanical, transport, security, properties etc. (Heck & Rogers,
2014).
The Internet plays an increasingly important
role in the consumer energy market. Technology enables energy services to be made more
consumer-friendly and also opens up opportunities for self-generation and battery storage.
Through visual displays of their electricity use,
users are encouraged to become more efficient
and economical, or to use electricity when the
price is low. Smart energy services can help to
automatically improve energy efficiency by using presence detection to control lighting, media
and heating and to reduce power peaks through
demand flexibility. These services are part of socalled smart grids that allow energy use to be
monitored and controlled via the Internet (SOU
2014: 84).
IT and the Internet are characterised by rapid
innovation and also contribute to innovation
in other sectors. When performance improves,
prices fall. When solar cells, wind turbines,
batteries and other parts of the energy system
become simple and cheap enough to reach a
larger share of the consumer market, there will
be an explosion of development. Companies like
Google, Apple, Facebook and Tesla have begun
to change the energy market. During the dotcom boom, the term "the new economy" was
coined to explain the high value attributed to
web agencies and dot-com companies. Perhaps
we are now seeing the emergence of "the new
energy", which is smaller-scale, consumer-driven and focused on renewable energy sources
(Rifkin, 2014).
Electricity use in the IT sector spans different
sectors and, in official statistics, electricity used
by data centres is presented under the services
sector. In this study, electricity use from data
centres is presented under the industrial sector
(see the section on Electricity use in industry
beyond 2030 in Chapter 5).

Small-scale energy storage and batteries

Energy storage has great potential to contribute
to a sustainable energy system, and can bring
benefits at end-use, distribution and transmis-
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sion levels. This report only looks at small-scale
energy storage. Discussions about large-scale
storage and more detailed information about
small-scale storage can be found in other reports produced by the Electricity Crossroads
project.
There are different types of energy storage
and, in recent years, most development has
taken place in electrochemical storage. The
price of lithium-ion batteries has fallen by 20
percent thanks to the large volumes being produced for the automotive industry. The evidence
suggests that the price of batteries will continue to fall (Hansson et al., 2014) when Tesla
launches products for households and industry/
large properties or groups of households. (Tesla, 2015). Figure 20 shows the current cost and
the predicted cost of lithium-ion batteries in
electric vehicles. As long as the price trend continues, they will continue to impact the market
and, in the long term, bring about changes in
the electricity system. An example is the design
of the network. The electricity grid is designed
to handle demand, even when demand is at its
highest. If the number of end users with batteries continues to rise, they could, in the future,
create a buffer close to the end users. This in
turn could help to deal with power peaks, when
they occur.
Figure 20 shows that the cost of batteries is
expected to decline sharply in the next decade,
partly because of economies of scale and partly
because of technological innovation.

Disruptive technologies

It is common for projections to be largely based
on the assumption that historical trends, current economic conditions and energy and climate policies will prevail in the future. History
has shown that unpredictable events do have an
impact electricity use and there is every reason
to believe that this will also be the case in the future. For example, technological breakthroughs,
such 3D printers, energy storage solutions or
electrification of the transport sector will greatly
impact future electricity use. However, it is difficult to estimate the probability of these coming
to fruition and what impact they would have on
electricity use.

Furthermore, rapid development of the internet and use of the internet will affect overall
electricity usage in the future. With the Internet of Things, we can expect a leap in Internet
use (and electricity), but the size of the leap is
difficult to estimate. Certain changes in trends
will increase electricity use (energy and power)
while others will reduce it. What the overall
sum of this will be is impossible to estimate. No
changes in trends have therefore been taken into
account in the analyses in Chapter 5 (electricity
use in energy) and Chapter 6 (electricity use in
power). However, one conclusion that may be
drawn is that the electricity system needs to be
able to handle both higher and lower demand
for electricity in the future.
POLITICAL DECISIONS
AND CONTROL MECHANISMS
Policy can influence electricity use in different
ways. It may directly impact electricity use,
for example, through direct taxes on electricity, bans (e.g. the ban on incandescent bulbs),
norms, standards, rules (for example, building
codes, or ecodesign requirements), or direct energy improvement requirements for electricity.
There are also a range of policies that can be
said to indirectly impact electricity use. One
example is the design of the electricity market,
how price changes are passed on to customers
and the allocation of fixed and variable costs on
customers' electricity bills. But there can also be
indirect impacts from many other policy areas;
financial, industrial and transport policies, for
example. Historically, the main political drive
has been against increased electricity use, for
example, the incentives introduced for electric
heating in the 1970s and 1980s.

Examples of areas where political initiatives and
support/incentives can influence development;
• A massive increase in the use of electric vehicles
could increase electricity use by up to 13 TWh in
the transport sector.
• Increased use of electric boilers in district
heating production during times of very low
electricity prices (even negative rates) would be
attractive if the conditions were right, e.g. if taxes
were adjusted. A high estimate of how this might
affect electricity use is an increase in electricity
use of up to 6 TWh (NEPP, 2015).
• If the tax on electricity used by data centres was
reduced to an internationally advantageous level
(the same as for the manufacturing industry),
it could very quickly result in more large data
centres being set up in Sweden. Already by 2020,
this would be the equivalent of 6–7 TWh (County
Administrative Board of Norrbotten, 2014).
These are three examples of policy measures
that can contribute to an increase in electricity use exceeding 25 TWh in total. At the same
time, it should be noted that development is only
partly driven by policy measures.
General stimulation of the economy and
competitiveness can also lead to an increase
in total electricity use, although it also stimulates efficiency improvements as more efficiency
measures are undertaken in times of economic
prosperity. It is difficult to quantify the impact
of targeted policy measures, programmes and
directives on electricity efficiency as ”autonomous” electricity improvements happen spontaneously, while targeted programmes, such as the
Swedish Programme for Improvement Energy
Efficiency (PFE) also have an impact.
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5. Electricity use
beyond 2030
Below is a discussion about what electricity use
may look like beyond 2030 in each of the sectors. The discussion ends with a concluding assessment for each sector. The assessments that
are presented are not intended to be forecasts or
scenarios, but visions of what is likely to happen
based what are known today. Up until 2030–
2050, there may be several change in trends that
are impossible to predict. A high degree of uncertainty must therefore be acknowledged.
ELECTRICITY USE IN THE HOUSING
AND SERVICE SECTOR BEYOND 2030
The housing and service sector uses more than
70 TWh of electricity annually (Swedish Energy Agency, 2015a). Future electricity use in
the housing and service sector will be dependent on technological, economic, regulatory and
behavioural factors (Karlsson & Widen, 2008),
(Sköldberg, et al., 2006: 05). The factors that
are likely to have the greatest impact are population growth, technological development and
economic growth, both in Sweden and globally.
Energy efficiency improvements in this sector
are driven by technology and political control
mechanisms. Behavioural factors and changes in
trends also affect future electricity use, both in
terms of increases and decreases. In the future,
more households and businesses will no longer
be just users of electricity but also producers,
so-called prosumers, for example, by investing
in solar cells.
There are also several EU directives that govern energy use in this sector, which subsequently

affect electricity use. Examples include the Energy Efficiency Directive, the Directive on energy
performance of buildings, the Ecodesign Directive and the Energy Labelling Directive.
According to the Swedish National Board
of Housing, there will be a need for one dwelling per 2.5 persons in the period 2012–2025
(Swedish National Board of Housing, 2015:
18). Based on the current population (2015) of
9.8 million inhabitants and 4.8 million existing
homes, one million new homes will be needed
by 2050 (based on Statistic Sweden's main population projection, see the section on Population
Growth in chapter 4). It can be assumed that the
trend for housing will also apply to construction
as a whole.
Important factors that will affect electricity
use in buildings are requirements for new buildings, the rate of construction of new buildings
and energy efficiency improvements in existing
buildings. New construction must already comply with relatively high energy performance requirements and these requirements will become
even stricter. The use of heat pumps to supply
heating in new buildings is expected to be a lot
higher than today. It is therefore increasingly
likely that heating in new buildings in the next
30–40 years will be supplied via electricitybased systems, but electricity use for heating,
hot water and cooling will drop to as low as 15–
25 kWh per m2 per year, compared to current
levels of around 125 kWh in existing buildings
(Swedish Energy Agency, 2015a).
The concluding assessment regarding electricity use in buildings (heating, hot water, electricity used in facilities management and business/
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Concluding assessment of future electricity use in the housing and service sector
We estimate that electricity use in the housing and service sector will be around 65–85 TWh beyond 2030
(compared with 70 TWh today), divided into:
•
•
•

20–25 TWh of electricity for households
30–40 TWh of electricity for the service sector
15–20 TWh of electricity for heating

These estimates are based on the number of inhabitants in Sweden increasing to just over 12 million inhabitants
in 2050 (according to the main scenario in a forecast by Statistics Sweden). As a result, the demand for housing,
services and comfort will increase. The potential increase in electricity use as a result of this is offset by extensive
energy efficiency improvements in all areas and is driven by technological development, information campaigns,
changed incentive structures and regulations, such as energy requirements for buildings, energy labelling and ecodesign. Household electricity use is estimated to rise to 20–25 TWh (compared with just under 21 TWh today).
We estimate that electricity use in the service sector will be around 30–40 TWh compared with today’s level
(31 TWh) as a result of an increase in demand for services combined with extensive efficiency improvements.
Electricity use in retail premises will decrease to some extent because of the growth in e-commerce, which is partly
offset by an increased need for storage facilities.
The demand for heating beyond 2030 is assumed to be lower than today due to a warmer climate, more efficient
heating systems and energy efficiency improvements. We estimate that electricity use for heating and hot water
will be about the same as today or possibly slightly lower, ending up at 15–20 TWh compared with 19 TWh today.
This is based on an increase in the market share for heat pumps in the heating market, alongside considerable
improvements in the efficiency of heat pumps (coefficient of performance). Furthermore, it is believed that end-user
flexibility could help to reduce the peak loads that heat pumps contribute to, which is why power demand in this
sector will also slightly decline compared to today. If battery solutions become common, this could also help reduce
power peaks in this sector.
The main factors that will influence future electricity use in this sector are population growth, economic growth,
technological advances and energy efficiency improvements, as well as how heating is provided.

household electricity) is that the increase in
the number of buildings, both residential and
commercial properties and associated activities in the service sector, will largely be offset
by overall improvements to the energy efficiency
of existing buildings. Virtually the entire spectrum of electrical equipment in buildings will
be subject to efficiency improvements and will
continue to become increasingly more efficient.
For example, it is likely that LED lighting will
become even more efficient that the best fluorescent equipment today. For example, in 2011, the
Swedish Energy Agency estimated the savings
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potential for lighting to be 6 TWh per year if all
existing lighting was replaced with LED lighting
(Bennich, 2011).
ELECTRICITY USE IN
INDUSTRY BEYOND 2030
Swedish industry uses approximately 50 TWh
of electricity annually (Swedish Energy Agency,
2015a). The industry employs, directly and indirectly, more than one million people in Sweden
and is therefore important for the economy. As

an industrialised country, Sweden is well placed
with export-oriented companies that have a high
knowledge content, and companies that invest in
research and development. Sweden also has its
own natural resources, such as hydropower, forests and ore, and primary industries that process
raw materials into pulp, paper, chemical products, iron and steel, which require energy. Most
of the products produced by primary industries
are exported, which means that the industry,
apart from turning Swedish raw materials into
products, contributes to Sweden’s export surplus
(140 billion in 2013)10 and indirectly accounts
for a large 'embedded' export of electricity.
A range of services have grown up around the
primary industries. Further refinement of raw
materials acts as a platform for the development
of new services and engineering companies in
Sweden. Historically, industry has undergone
major structural change, such as relocations,
closures, mergers, concentration, specialisation
and the emergence of new industries. It is expected that this trend will continue in the future,
impacting future electricity use, particularly as
changes to electricity-intensive industries and
the expansion of new electricity-intensive operations, such as data centres, can have a large
impact on industrial electricity use.
Reducing the environmental impact of industrial production is important for the future.
The industrial sector accounts for about 20–25
percent of Sweden's greenhouse gas emissions,
derived from the combustion of fossil fuels to
generate energy and process-related emissions.
(Confederation of Swedish Enterprise, 2014 b)
Energy and material efficiency improvements can
reduce emissions, but large reductions can only
be achieved through electrification, a change of
fuel, and or carbon capture and storage (CCS).
Current use of coal, oil and gas can be replaced
in certain industries by electrification or biofuels,
but CCS should also be viewed as an important
option. Investment in CCS in the future could
lead to an increased electricity demand from the
industrial sector of up to 5 TWh (see section on
Technological developments in industry that affect future electricity use in chapter 4).
One way to reduce the use of fossil fuels is
to replace them with electricity. As mentioned

in the section on Technological development
in Chapter 4, electrochemical and electrolytic
processes for various heating and processing
purposes are being constantly developed, which
may contribute to a restructuring of the petrochemical industry. Many of these technologies
are currently still far from commercialisation.
Electrification of parts of industry can also be
done indirectly by using hydrogen produced by
water electrolysis. If this were to take off, the
steel and iron industry could replace coal-based
reduction processes with hydrogen gas, which
would result in a sharp increase in electricity use
(15–20 TWh) as well as a significant reduction in
carbon dioxide emissions.
Furthermore, the forestry industry is currently undergoing a structural transformation
as the demand for wood-based paper (based on
mechanical pulp) decreases. In Sweden, there
are currently five mills that produce mechanical pulp. Within a 15-year period, production
is likely to decrease, unless new products based
on mechanical pulp are developed. However,
it is likely that the industry will continue to
process forest-based raw materials in the next
15–25 years. It is difficult to predict the type of
products that will be in demand then, but it is
possible that there may an increase in the production of packaging and hygiene products. For
these types of products, long-term access to a
stable electricity supply and competitive electricity prices are also prerequisites. It is also likely
that there will be an increase in chemical pulp
production. It should be noted that if chemical
pulp production were to increase without further processing into paper products, electricity
use in this sector would not increase. Instead,
the pulp mills would be able to increase electricity production through increased use of backpressureturbines.
Data centres are now being set up in Sweden
and in 2013 the installed capacity went up to
150 MW (SOU, 2015: 87). As mentioned in the
section on The impact of digitisation on future
electricity use in chapter 4, the data centre industry is an industry that is expanding globally,
as a result of the growth in Internet use and the
services provided via the Internet. As a result,
server capacity worldwide has increased steadily
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Concluding assessment of future electricity use in the industrial sector
We estimate that electricity use in the industrial sector will be around 50–60 TWh beyond 2030 (compared with
51 TWh today). This estimate is based on Sweden continuing to have comparative advantages in domestic raw
materials, expertise, institutional stability and favourable conditions for electricity production, which provides good
opportunities for industrial production in Sweden. Stricter requirements for climate neutrality and resource efficiency
in an increasingly circular economy will result in an increase in electricity use in this sector and its processes. The
ability of companies to improve their competitiveness by embracing and exploiting opportunities offered by
digitisation and, as a result, increase production in Sweden will also affect their competitiveness and electricity use.
Our assessment is also based on the assumption that further restructuring will take place in the pulp and paper
industry and further efficiency improvements will be undertaken, particularly in industry’s production chain and
systems. This will compensate for the increase in production in this sector. We also include in our estimate some
additional electricity use from new power-intensive industries, such as data centres. Electrification of, for example,
the steel industry’s reduction processes or increased electricity use in new industrial processes is not included, as the
assessment is primarily based on a "business as usual" scenario.
We also believe that the power demand in this sector will change in the same way as electrical energy. There is an
opportunity for flexible electricity use in parts of the industrial sector, which can help to reduce the power peaks
that occur in the system for short periods of time. However, the flexibility decreases, with, for example, a reduction
in mechanical pulp production, as some of the industry's flexibility is found in this industry.
The main factors that will impact future electricity use for this sector are economic growth (in Sweden and globally),
production developments in this sector, relative price changes between energy carriers including taxes, and, in the
longer-term, technological change and energy efficiency improvements, which are on-going.

in recent years, which also means an increase in
electricity use. Between 2000 and 2005, global
electricity use in data centres doubled. According to the Boston Consulting Group (2014), the
capacity of the data industry will increase by 10
percent annually over the next few decades, resulting in about 60 new commercial data centres
in Europe by 2020. Another study indicates that
the size of the big data industry will double by
2020, requiring about 200 new centres (greater
than 5 MW) to be set up in Europe.
If the electricity tax on data centres is the
same as that levied on electricity-intensive industries, as many as 40 large data centres (approximately 1,000 MW in total) could be established
in Sweden, which corresponds to about 6–7 TWh
of electricity (County Administrative Board of
Norrbotten, 2014). It is difficult to predict how
many data centres there will be in Sweden beyond 2030 and this will partly depend on the
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electricity tax scheme for this type of activity,
as well as on a number of other factors. The sector's electricity use may increase rapidly, but it
is impossible to know if the trend will continue
beyond 2030 or if it is a temporary phenomenon that will disappear if the technology takes
a different route. Electricity use in this type of
business is not as stable as in other industries.
Data centre owners say that they change which
centres they use depending on where the lowest prices are at that moment, which can cause
sharp fluctuations in the amount of electricity
a centre uses. It is also relatively easy to move
this type of business, compared to other more
capital-intensive industries.
When new industries that use electricity are
set up, there is a possibility for them to act as
"regulators" of the electricity system as it should
be relatively cheaper to create buffers in new industries.

ELECTRICITY USE IN THE
TRANSPORT SECTOR BEYOND 2030
Today, the transport sector is almost entirely dependent on fossil fuels and electricity use only
amounts to about 3 TWh (Swedish Energy Agency, 2015a). To achieve the goal of a fossil-fuel
independent vehicle fleet and zero greenhouse
gas emissions in Sweden by 2050, efforts need
to be undertaken to improve the efficiency of
vehicles (e.g. by reducing fuel consumption) and
to make transport more efficient (e.g. through
IT solutions, better logistics and urban planning). There are several potential development
paths that would transform the transport sector, which can partly be achieved through electrification and partly by shifting to biofuels.
However, there are various challenges associated with these different development paths. A

long-term, sustainable transport system is likely
to be powered by both renewable electricity and
biofuels, a complementary rather than competitive approach.
Electric vehicles come in the form of plug-in
hybrids and pure battery vehicles. Pure battery
vehicles will most likely be cars in the small car
bracket and various types of lightweight vehicles. Even city buses and moderately large lorries that are driven in city traffic, can be built
as battery vehicles. Long-distance freight lorries are currently not suitable as battery vehicles
because the battery would weigh so much that
there would no room for any goods. The main
benefit of greater electrification of the transport
sector is that electric motors are a lot more efficient than combustion engines. Solutions involving electricity are generally more energy
efficient and electric vehicles reduce energy use

Concluding assessment of future electricity use in the transport sector
We estimate that electricity use in the transport sector will be around 10–16 TWh of electricity beyond 2030
(compared with about 3 TWh today).This estimate is based on the assumption that environmental concerns, both
climate-related and other environmental issues, as well as more health-related issues such as air quality and noise
pollution in cities, will continue to be important drivers for both manufacturers of vehicles and politicians. Based on this, it
is probable that control mechanisms will be designed aimed at reducing climate emissions as well as other environmental
pollution, including noise.There are a number of benefits associated with electric vehicles and they are, therefore, a clear
part of the solution. Depending on how quickly battery technology develops and how fast control mechanisms are
introduced, as well as how effective they are, more development may happen in the period up to 2030 than what is
outlined in our assessments. Another uncertainty is how other technologies will develop, such as biofuels and fuel cells.
Our assessment is based on increased electrification of cars and more hybrids, as well as electrification of certain
parts of the public transport system and the transport of goods in urban areas. There is greater uncertainty regarding
long-distance, heavy goods vehicles, but over time parts of the road network could be electrified. To meet growing
transportation needs, it is predicted that rail freight transport will increase and high-speed trains may be introduced in
the long term.
An increase in the share of electric vehicles will result in an increased power demand during certain times of the day.
An increase in the share of electric vehicles may also provide part of the solution to deal with power peaks as electric
vehicles can contribute to demand flexibility by using load shifting for charging electric vehicles. However, this assumes
that the user of the vehicle is willing to adjust their charging to times when it is most beneficial to the system.
The main factors that will impact future electricity use in this sector are political decisions relating to targets and control
mechanisms at a national and EU level, as well as advances in batteries (in terms of technology and cost), where the
international perspective is also very important.
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per vehicle by up to 60–70 percent (Svensk Energi, 2010). Electric vehicles also benefit the local environment as they produce no emissions
and also lower noise levels. The main challenge
associated with electric vehicles is the battery
technology, in terms of cost, storage capacity,
battery life, the potential environmental impact from the production of batteries and range
(Chalmers, 2014 b). There are also acceptance
issues linked to their development, for example,
the purchase price of electric cars is higher than
for conventional vehicles because of the batteries, while the variable costs (which are determined by things such as the price of electricity
and taxes) are significantly lower.
Another way to invest in electrification is if
society decides to electrify certain road networks, so-called electric roads. Power can be
supplied via overhead cables, inductively or via
contact lines in the road. This is a particularly
interesting solution for heavy lorries and longdistance buses.
The speed at which heavy vehicles will be converted depends on the rate at which old vehicles
are replaced with new ones. The average passenger car in Sweden is 10 years old and has an
average life expectancy of 17 years (SOU, 2013:
84). To get a lot more electric vehicles on the
road, the cost of batteries, power electronics
and vehicle integration needs to fall, achieved
through technological development and a global

increase in volume. Measures also need to be put
in place to remove market barriers, stimulate demand and expand the necessary infrastructure.
CONCLUDING ASSESSMENT ON
ELECTRICITY USE BEYOND 2030
When all the assessments of future electricity
use in the various sectors beyond 2030 are taken
into account, the range ends up at around today’s
level, perhaps slightly higher, at 128–165 TWh,
excluding distribution losses. It is assumed that
electricity use will continue to be mainly concentrated in southern Sweden and in bidding area 3.
Our assessment is that, beyond 2030, requirements to increase climate neutrality and resource
efficiency in society will come into play and lead
to increased electrification. Sweden's population
will be almost 11.4 million in 2030 and nearly
12.5 million in 2050. There will be a demand
for more housing, more services and better comfort, which will result in an increased demand
for electricity. Simultaneously, the increase will
be offset by energy efficiency improvements
achieved through technological developments
and political initiatives. Sweden's comparative
advantages, such as domestic raw materials and
technical expertise, will continue to provide
good opportunities for industrial production in
the country. This assessment is also based on

Table 3: Concluding assessment of future electricity use (excluding distribution losses) beyond 2030 broken down by
sector. Electricity use refers to both "bought" electricity and electricity generated by end-users (so-called prosumers).
Electricity use in
2013 [TWh]

Estimated electricity use
beyond 2030 [TWh]

Housing and service

71

65–85

Industry (incl. data centres)

51

50–60

Transport

3

10–16

Sector

11

Other electricity use

12

Total
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4

3–4

129

128–165

environmental concerns, both climate and other
environmental issues as well as health-related issues such as air quality and noise pollution in urban areas, being key drivers, both for politicians
and for vehicle manufacturers beyond 2030. It
is therefore assumed that the development of
the automotive market will head in a direction
that reduces both greenhouse gas emissions and
other environmental emissions, and that electric
vehicles will be a clear part of the solution.
It is difficult to determine how much of the
electricity used in the future will be "bought"
electricity. The trend towards electricity users
generating their own electricity is largely controlled by the price of electricity and the cost of
small production facilities, but also other drivers, such as the desire to become self-sufficient
and increased environmental awareness.
The price of solar cells in recent years has fallen sharply. However, an increase in small-scale
production will not have much impact on electricity use (energy) in total. On the other hand,
net consumption for households that produce
their own, will change, which will primarily
affect the distribution network and large-scale
electricity production.
An increase in the amount of self-generated
electricity is also expected to affect the power
demand because the production of solar electricity is low in winter when power demand is
typically highest. A sharp increase in small-scale

solar electricity production combined with batteries would, however, mean that the power
demand from the grid from these households
would decrease. The factors that are likely to
determine future developments are future costs,
support systems and customer preferences.
The assessments made in this report are
based largely on the assumption that historical
trends, current economic conditions and energy
and climate policies will prevail in the future.
However, history has shown that unpredictable
events greatly affect electricity use and there
is every reason to believe that this will also be
the case in the future. If anything, it is changes
in trends (such as the rapid growth in electric
heating in the 1980s and 1990s, sharp increase
in heat pumps in the 2000s, the use of electricity in district heating production in the 1980s,
structural changes in the industry etc.) that have
resulted in a relatively constant level of electricity use over the past 25–30 years (NEPP, 2015). If
these changes in trends had not occurred, most
likely electricity use would have increased steadily year-on-year from the 1980s until the financial crisis of 2008.
It is, however, difficult to estimate the likelihood of similar events happening and the impact
they would have on electricity use. Therefore,
changes in trends that may occur in the future
are not included in the assessments.
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6. Sweden's power
requirements
The Swedish electricity system's instantaneous
demand (in power) varies significantly during
the day, during the week and between seasons,
and differs geographically between parts of the
country. These variations are partly due to factors that include:
• Structural, for example, the large proportion of
electric heating and large populations in southern Sweden.

For the electrical system to work, the amount of
electricity that is supplied must all the time be
the same as output of the system. As the electrical system has gradually developed, it has, therefore, adapted to the desired security of supply
and the expected maximum output, as well as
the desired national level of self-sufficiency. It
is therefore very important to understand the
factors that may affect future power demand in
Sweden, relating to maximum power, geographic distribution, as well as flexibility of use.

• Political, for example, the desire to reduce oil
dependency through subsidies for electric heating in the 1980s.

TODAY'S POWER DEMAND

• Behavioural, for example, due to circadian
rhythms.

Sweden’s power requirements in terms of electricity can vary from 8,000 MWh/h on a sum-

Figure 21: Power demand on a cold winter day in the
various electricity areas (Vattenfall, 2015).

Figure 22: Power demand during two different
weeks in Sweden (Nord Pool Spot, 2015).
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Figure 23: Electricity power demand in Sweden during two weeks in February 2011, when the year's peak
power occurred. Please note that the breakdown of power demand by sector is estimated, whereas the total
power demand is an actual value (NEPP, 2015).
GW

Power peaks 23–24 GW (excluding distribution losses)
Power peaks 25–27 GW (including distribution losses)

All other electricity use

Heating
0

Industrial processes
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Hours during two weeks in February (from 12 to 26 February)

mer evening to 27,000 MWh/h on a cold winter
day (Sweden’s National Grid), 2013: a). During
2014, Sweden’s power demand ranged between
around 8,500 MW/h and 25,000 MW/h. However, it was only for about 200 hours that demand
exceeded 20,000 MW (NEPP, 2015).
Electricity demand has historically been concentrated in the more densely populated areas,
with bidding area 3 (southern Sweden) accounting for nearly 65 percent of the power demand
on a cold winter day, see Figure 21. This pattern is also expected to continue in the future,
because electricity-intensive industries are not
likely to be moved from their current locations
(although some relocations may take place) and
the trend of urbanisation is expected to continue.
Different sectors have different power demand
profiles during the year (different "jagged" load
profiles) and power demand is mainly driven by
industry, housing and services. Power demand
in the industrial and transport sectors (rail traffic) has historically been relatively constant over
the years, given that industrial production and
transportation occurs all year round and to a
large extent around the clock. Large variations
can, however, be seen in the power demand of
the housing and service sector, where electric-
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ity use varies greatly throughout the day but
also between seasons, and which depends on
electricity for heating and lighting (Vattenfall,
2015).
Figure 22 shows the power demand over two
weeks in Sweden, with distinct power peaks,
especially in the morning and evening, as well
as lower power demand at the weekend. Primarily, it is electricity use in the housing and
service sector that contributes to the seasonal
variations as the demand for electricity for heating and lighting varies over the year. Electricity
for heating in Sweden provides a peak load of
about 7,000 MW (in a normal year) or 8,000 MW
(in a 20-year winter). Other electricity use, in
addition to electricity for industrial processes
and heating, however, varies as much as electricity for heating, although variations do occur throughout the day (see Figure 23). Future
power demand will therefore depend on how
the "jagged load profile” in the various sectors changes and their relative size in the future
(NEPP, 2015).
Figure 23 shows the power demand during the
weeks with the highest power demand in 2011.
Heating varies less than other electricity use
(NEPP, 2015).

Table 4: Description of how electric power demand in the future is expected to change in relation to changes in
electrical energy (NEPP, 2015).

Changes in
Power

Household
electricity

Operating
electricity

The heating
market

District
heating

Industry

Transport

The same as
energy

The same
as energy

Reduced maximum
power demand
during winter

The same as
energy

The same as
energy

Increased
daily
variations

Figure 24: Shifting electricity use in time and permanently reducing electricity use, respectively.
Electricity use (MW)

Electricity use (MW)

Shifting electricity use

Reducing electricity use

Time

FUTURE POWER REQUIREMENTS
In terms of how power demand will change in
the future, no dramatic changes are predicted.
Essentially, the power demand will change in
proportion to electricity use. With regards to the
use of electricity for heating, as mentioned in
the section on Electricity use in the housing and
service sector beyond 2030 in Chapter 5, electricity use may slightly decrease, which means
that the maximum power demand would fall
during the winter, albeit at a slower pace. In the
transport sector, a large proportion of electric
cars would increase the power demand during
certain times of the day. The use of electric cars
does not result in any major seasonal differences, however, there are clear variations during the
day if "smart battery strategies” aren’t used to
even out the load during the day or to help to

Time

adjust demand based on the supply of electricity.
Table 4 shows how electric power demand may
change in the future (NEPP, 2015).
THE POTENTIAL OF INCREASED
DEMAND FLEXIBILITY
In order to create a balance between electricity
use and electricity production, temporary reductions or shifts at the end-user level can take place
using so-called demand flexibility. It assumes
that customers respond to price signals when
the power balance is becoming strained or, even
better, that it happens automatically and without impinging on comfort. Reducing electricity
use during the year, i.e. to permanently reduce
power peaks, would benefit the future electricity system.
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Figure 25: Estimates of demand flexibility in Sweden. Based on data from (Mökander, 2014) and (NEPP, 2015).
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Different types of demand flexibility

There are different types of demand flexibility
(See Figure 24):
• Shifting use in real-time means that electricity
use (for example, a water heater, electric vehicle
charging, household products) is momentarily turned off during periods of high demand
and while electricity production is low, and use
is shifted by a few hours until the acute power
shortage is ended, without affecting the indoor
temperature or customer comfort. The greatest
potential is in the housing and service sector and
it can be done for a few hours at a time.
• Permanently reducing electricity use means that
use is voluntarily disconnected over a certain
electricity price. This type of flexibility is mainly
associated with industry. Demand response for
industry involves a permanent reduction of the
load and is dependent on the production and supply conditions that affect the price elasticity. This
potential can be realised a couple of times a year.
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The potential for demand flexibility
from different types of electricity
customers

Increasing demand response can be a cost effective alternative to expanding electricity production, as extreme maximum demand only
occurs for a few hours a year, if that often. As
mentioned above, there are various types of electricity customers that could be flexible in their
electricity use. These are primarily industrial
companies and household customers, in particularly single-dwelling houses with electric heating, but to a lesser extent commercial premises
too.
There are several studies that estimate the total demand response in industry and the total
across all sectors. See Figure 25, where the overall future potential varies between 3,000 and
4,500 MW.
Industry
Demand response for industrial companies
means, as mentioned above, usually a perma-

nent load reduction and is, in turn, dependent
on the production and supply conditions that
affect how price-sensitive the industry is. The
lowest electricity price required in order for the
benefit of a power reduction to exceed the cost,
depends on a number of parameters, such as capacity utilisation, new orders, inventory levels,
economic conditions, contractual agreements
and economic consequences of delivery delays
or risk of lost market share. Power control is
primarily suitable for industrial processes that
have thermal inertial loads or buffering capacity in production, such as mechanical pulp production. Today there are five mills (in Borlänge,
Hyltebruk, Norrköping, Hallstavik and Sundvall) that produce mechanical pulp, and where
there is the opportunity to utilize demand response. All these companies are already active
in the electricity market.
Generally, the potential for power reduction
is lower during economic prosperity rather than
recession, while the need for power reduction is
greatest during periods of economic prosperity,
when power demand is expected to be greatest.
Downtime is also needed to realise the power reduction, which may limit the possibility of doing
it in practice. It is the production process that
sets the technical conditions, both for reaction
time and the reduction volume. On a practical
level, the potential for demand response in industrial companies is primarily available only a
few times per year (NEPP, 2015).
There are several studies that estimate the
potential for demand response in industry and
several of these show that the current potential
is between 500 and 2,500 MW for short periods.
As mentioned above, a part of this potential is
already used today by players being active in the
electricity market, but also as part of the power
reserve.
A recent study (Mökander, 2014) estimates
the total potential in the industrial sector to be
approximately:
• 2,400 MW for an hour's duration at a cost of
around 250 Swedish öre/kWh
• 2,000 MW for 1–4 hours duration at a cost of
around 320 Swedish öre/kWh

• 500 MW for 5–24 hours duration at a cost in
excess of 350 Swedish öre/kWh
NEPP (2015) estimates the potential of industry
to be around 2,000 MW at an electricity price
above 200 Swedish öre/kWh, where it is assumed that about 85 percent of industry's potential lies in electricity-intensive industries, and
the remainder in light industry, which includes
food and engineering industries.
Household
There is not the same experience of the potential for demand response in households, and to
exploit the potential will most likely require a
higher degree of automation and other incentives than are currently available (Chalmers,
2014 b). The potential lies mainly in the ability
to temporarily turn off the heat supply in houses
that are heated by electricity without affecting
the indoor climate. The potential is estimated at
500–3000 MW (Swedish Energy Agency, 2013:
14), (Chalmers, 2014 b) depending on the duration and how much comfort is affected. In 2013,
the Swedish National Grid estimated the potential of households to be about 2000 MW, up to
about 3 hours at a time, which is consistent with
NEPP’s estimate of the potential for around one
million individual homes (Swedish Kraftnät,
2013: b) (NEPP, 2015).
Compared to industry’s load reduction, the
household load return and the power demand
that follows the power reduction is higher than
the average demand. As electric heating customers move their heat loads between adjacent time
periods, it is the relative price difference, not the
absolute price level, which creates the financial
incentive for load control.
The maximum potential in this sector is,
however, highly temperature sensitive as it is
the house's thermal inertia that is used. This
means that, if there is no demand for heating in
summer, the amount of heat that is used cannot
be reduced, and in the same way, it cannot be
increased if is already operating at maximum
power. The potential is therefore greatest in the
winter. Power peaks in winter often last (at least)
ten hours and it is not possible to reduce heat
loads for such a long time, which is why it needs
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to be spread over several hours to control the
peak load in any significant way (NEPP, 2015). It
is important to deal with the recurring usage so
that new power peaks are not created, or it will
lead to a reduction in comfort.
Other demand flexibility
Mökander (2015) estimates the current potential
in the service sector to be 200–1,000 MW, depending on the duration. NEPP (2015) estimates
the potential to be approximately 200 MW. In
the longer term, there are also opportunities for
shifting the load, for example by changing the
time when electric vehicles or household appliances are charged. For this potential to be realised, however, the use of IT in the power system needs to be expanded as well as automated
solutions that are not currently available (NEPP,
2015).
Energy storage can also help to adjust demand in the same way as demand response,
provided that the energy storage is charged
and discharged on the same day. Energy storage is, unlike demand response, independent of
the load and can be used over longer periods of
time. Various storage technologies are currently
under development, both in terms of improving
technological and economic performance, and
do not compete with demand response in economic terms. (NEPP, 2015)
CONCLUDING ASSESSMENT ON
POWER AND DEMAND FLEXIBILITY
Electricity demand has historically been concentrated in more densely populated areas, with
bidding area 3 accounting for almost 65 percent
of the power demand on a cold winter day. This
pattern is expected to continue in the future, because electricity-intensive industries are unlikely
to be moved from their current locations and the
trend of urbanisation is expected to continue. As
mentioned in the section on Concluding assessment on electricity use beyond 2030 in Chapter
5, the assessment is that electricity use beyond
2030 will amount to 128–165 TWh. Assuming that electricity power demand will change
in proportion to changes in electricity use, the
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maximum power demand is estimated at 23,600
to 28,700 MW14 for the same period.
It is difficult to assess how demand flexibility
will develop in the future. Studies show a future
potential of between 3,000 and 4,500 MW, of
which about half is in the industrial sector and
half in the housing sector (particularly singledwelling houses with electric heating).
In industry, developments will most likely be
driven in the short term by the economic climate
and, in the longer term, by potential industrial
restructuring. A large part of the potential in
industry, as mentioned above, is in mechanical pulp production in the forestry industry,
where structural changes now taking place.
These companies are already active in the electricity market. The way this sector develops in
the future will therefore significantly impact
industry’s capacity for flexibility. However,
there are indications that industrial companies
are becoming more interested in, and aware of,
demand response. But in many cases, changes
need to be made to internal processes to enable
the price elasticity of demand and the potential
for demand response to be calculated on an ongoing basis.
Development in the household sector will primarily be driven by the changes in electricity use
for heating. If electricity use for heating reduces,
the potential for flexibility in this sector also reduces. What is currently missing, in most cases,
are financial incentives to encourage household
customers to be flexible in their electricity use.
It is crucial that business models adapted to the
domestic needs of customers are developed to
ensure that flexible use becomes a driving force
and not an obstacle to the implementation of demand response. Further analysis is needed, and
in a more intermittent production system, opportunities for increased power use will be key.

7. Appendices
FOOTNOTES
1.

2.

3.

4.

5.

6.

The higher range, in addition to the direct
impact of electricity use on the "number
of residents in Sweden", also includes the
impact the number of residents has on the
"number of households" and "size of premises in the service industry." Taken from
information in Scenarios for future electricity use (NEPP, 2015).
Erik Lindström, Nord Pool, estimates that
if data centres have the same electricity tax
as the manufacturing industry, it is reasonable to assume a potential of 1,000 MW by
2020, which is equivalent to an increase in
electricity use of around 6–7 TWh from data
centres. He also considers that up to 10 TWh
may be a reasonable estimate in the time
perspective 2030–2050.
Including electricity related to data centre
activity, i.e. parts of the IT sector's electricity use. Other electricity use from the IT
sector is included in the housing and service
sector.

8.

9.

10.

11.

Includes electricity use in district heating
production and refineries.
Agriculture includes farming, forestry, horticulture and fishing.
Other services include the construction sector, road and street lighting, sewage treatment plants and aquaculture.

12.

13.

14.
7.

Temperature correction is done by comparing the use between different years,
regardless of variations in the outside
temperature.

Split incentives arise when there is a division of roles between the person responsible
for/ who has control over the running energy use (for example, a local tenant) and the
person responsible for an energy efficiency
investment (for example, a property owner),
and the income and expenses generated in
connection with different energy measures
are not distributed in such a way to give the
parties a proportionate financial incentive
to implement an energy efficiency measure
(Swedish National Board of Housing, 2013:
32).
The relationship between energy use and
GDP/value added.
The trade surplus of primary industry’s
products (ores, metals, metal products,
wood products and paper) was over 140 billion SEK in 2013 (Confederation of Swedish
Enterprise, 2014 a).
Including the electricity related to data
centres, i.e. parts of the IT sector's electricity
use. Other electricity use from the IT sector is
included in the housing and service sector.
Includes electricity use in district heating
production and refineries.
Electricity delivered to end customers via
the electricity grid.
Based on NEPP’s preliminary assumption about the relationship between peak
power and annual consumption where y
= 455,03*x^0,8116, where y = peak power
(MW) and x = annual consumption (TWh).
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