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Populärvetenskaplig sammanfattning
Klimatförändringen är ett stort problem i dagens samhälle och mycket investeras i att
göra vår energianvändning mer effektiv. Som ett led i detta introduceras så kallade
Smarta Elnät. Smarta elnät är en teknik som utvecklas för att ge möjlighet att
använda våra elnät mer effektivt och till dess fulla potential. Denna teknik skall kunna
underlätta övergången till ett elnät med en större andel förnyelsebara energikällor
som exempelvis vind och sol.
En viktig del av övergången mot smartare elnät är att introducera konceptet Demand
Response, även kallat förbrukningsflexibilitet på svenska. Denna teknik utvecklas för
att våra elnät skall kunna användas mer effektivt och har som mål att flytta
människors elektricitetsförbrukning mellan olika tider på dygnet. Detta görs
exempelvis för att kunna distribuera elanvändningen mer jämt över dygnet för att
kunna möjliggöra en större andel förnybara, oregelbundna energikällor i systemet
men utan att göra elförsörjningen mindre stabil. En nätägare kan uppmuntra kunder
att flytta deras elektriska energiförbrukning mellan olika timmar genom att använda
sig av olika tariffer för att debitera kunderna, exempelvis genom att använda sig av
tidsvarierande eller effektberoende tariffer.
I denna uppsats undersöks konsekvenser av att introducera demand response i det
elektriska distributionsnätet. Det som undersöks är förändringen av energiförluster
samt möjlig miljöpåverkan till följd av en förflyttning av effektförbrukning.
Förbrukningskurvor från en nätägare, Sala-Heby Energi AB, studeras och modifieras
för att simulera en effektförflyttning med en utjämnad elförbrukning.
Undersökningarna visar att i ett bästa fall, där elförbrukning är utjämnad till 100%
varje dag, kan energiförlusterna minskas med 2.6%. Studien på miljöpåverkan visar
att resultatet varierar stort beroende på vilken metod som använts för att göra
beräkningar. Resultaten presenteras i kg CO2-ekvivalenter (CO2e), och beroende på
vilken metod som använts för att beräkna dessa kan utsläppen antingen minska eller
öka.
Miljöstudien visar att miljöpåverkan av elförbrukningen är mer beroende av vilken tid
elen används och alltså påverkas mer av att förflyttningen användningen av el mellan
olika tider på dygnet än av minskningen av energiförluster som sker i och med detta.
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1 Introduction
Climate change is a major issue in the society today and much is invested in order to
make the energy usage more efficient. As a part of this, smarter electrical power
grids are introduced – called Smart Grids. Smart grids is a technology developed in
order to be able to use the electric power grid more efficiently and to its full potential,
and is believed to make the integration of a larger amount of renewable power
sources possible. Smart grid is a broad concept that includes many different areas,
including but not limited to new rules and regulations on the electric power market,
new technologies and new services provided by the electrical companies.
An important part in the transition towards a smarter power grid is the introduction of
the concept demand response. Demand response is a concept introduced to make
the electric power users able to be flexible with their power consumption according to
what time they use their electricity, in order to make the power consumption adjusted
towards an efficient utilisation of the production- and transmission capacities
available at the moment.
The electric power distributors, Distribution System Operators (DSO), can have an
important part in the transition towards a smarter grid. Example of things they can do
is doing actions to promote a more efficient use of the power grid, such as
introducing new tariffs that encourage consumers to change their behaviour when it
comes to their power usage.

1.1 Purpose
The purpose of this thesis is to develop models to quantify the environmental
consequences of demand response in the distribution grid. These models will then be
used to analyse the effect of demand response for a specific distribution system
operator, Sala-Heby Energi Elnät AB. There is a larger focus on the electric power
losses in a distribution grid with a deeper analysis of how they are affected by power
usage and outside temperature. The method aims to be applicable on other
distribution grids. The analysis of the power losses and the modification of the power
curves have been made in collaboration with another student, whose work is
presented in report by Grahn (2015).

1.2 Questions
Questions that are answered in this thesis are:
•
•
•

What do the electrical power losses look like at different times in a distribution
grid and how are these affected by power usage and outdoor temperature?
What factors affect the environmental impact of a DSO?
What environmental effect may demand response have and what
environmental impact is there from a change in power loss?
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1.3 Overview of the report
In Section 2, there is an overview of the Swedish power system, as well as a
description of the concept Smart Grid and Demand Response. The environmental
impact of electrical power use is also described, as well as models to evaluate the
environmental impact of electrical power usage and a change in it. In Section 3, the
method used for modification of power curves, evaluation of power losses and
environmental impact is described. In Section 5, the results are presented. In section
6 the method and results are discussed and in Section 7 the conclusion made in this
report is presented.
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2 Background
In this part, the following concepts are described:
•
•
•
•

The Swedish power system
The Smart Grid
Demand Response
Environmental impact of electricity consumption

2.1 The Swedish power system
In Figure 1, a schematic illustration of the Swedish power system is presented. It
shows all parts of the system, from power production to consumers, and what
operators are acting in between. The pink ring shows the part of the power systems
that this report focuses on, which is the local grid. The power grid system consists of
power grids on three different levels; the national grid, the regional grid and the local
grid (more commonly called distribution grid in this report). In Table 1, the voltage
levels of the three grids are presented. There is also an electric power market that is
a financial market where operators can trade and secure their price of electricity.
They trade via a Nordic power market named Nord Pool.

Power market, spot price: Nord Pool

Electric power producers

Electricity supplier

Local grid

Regional grid

National grid

Electric power consumer

Figure 1: A schematic illustration of the electric power system in Sweden, where the
left part show the financial part of it and the right side show the physical part of the
power system. The words in the picture are translated from Swedish to English and
the picture is taken from: (Svenska Kraftnät, 2011)
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Table 1: Voltage levels in the different parts of the electrical power grid. Data from:
(Svenska Kraftnät, 2011)
Part of the electrical power Voltage level
grid
National grid
400 and 200 kV
Regional grid
130 – 40 kV
Local grid / Distribution grid
<40 kV
There are many operators on the Swedish electricity market. The Swedish electricity
market is deregulated so that all electric power consumers can choose their provider
of electricity. This means that there are two operators involved in the delivery of
electric power to the consumer; the Distribution System Operator (DSO) and the
electricity supplier. The supplier sells the electric power to the customer and the DSO
is the owner of the distribution grid. (Eurelectric, 2013)

2.2 The Smart Grid
The smart grid is a wide concept with the purpose to simplify the transition towards a
larger share of renewable power sources, such as wind and solar, into the power
system. It aims to ensure economically efficient, sustainable power systems with low
losses and high levels of quality of security and supply. In Table 2, the anatomy of
the smart grid is presented as it is described in a report about smart grids by Hicks
(2010). The purpose of showing Table 2 in this thesis is not to describe how the
whole concept of the smart grid works, but to show how wide the concept is and to
show in what part of the implementation of the smart grid the term demand response
is. (Beard, 2010) (Hicks, 2010)
Table 2: The anatomy of the smart grid. Anatomy description from: (Hicks, 2010)
Meters and Network
Nerves
Advanced grid sensing and visualisation technology
Demand Response
Building energy management systems
Brains
Meter Data Management Systems
End-use Energy efficiency
Distributed generation from renewables and other
Muscle power sources
Energy storage technologies
New transmission lines
Bone
New transformers and substation equipment

2.3 Demand Response
Demand Response (DR) is a central element in this thesis, and effects it may have
on power losses and climate are analysed. Climate impact and power losses are
related to the electric power usage, and therefore it is an interesting question to study
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how something that may change the power usage and/or generation may affect the
effect the electric power usage may have on the environment. DR is a part of the
bigger concept of smart grids. Demand response, as a concept, has been around for
a long time, and a simple explanation of the concept is incitements to move the
power consumption are introduced. An example of this is to compensate electric
power consumers for not using some of their electricity during peak power demand
(i.e. when the demand is the highest for a period of time, e.g. a day, a month, a
season) and to, instead move the power usage to when the demand is lower. (Hicks,
2010) In this thesis, focus is on demand response during the hours of the day.
As mentioned above, to achieve demand response, incentives to move the power
consumption are introduced. This includes different types of tariffs for electric power,
and some of the more common tariff types that are used in order to achieve demand
response are listed below. A thing that is good to have in mind, since the electricity
supplier charges for the electricity, the DSO cannot change the electricity price for a
costumer in order to introduce incitements to move the power consumption.
Therefore, the tariffs presented can only affect the grid charge for the power
consumption, and not the price of the actual electric power.
2.3.1 Time of Use tariff – ToU
A Time of Use (ToU) tariff has different prices on electric power depending on what
time the power is used. The focus of this kind of tariff, is to decrease the power
usage during peak power. The meaning of time may vary when talking about ToU –
e.g. peak/off-peak, day/night or seasonal such as summer/winter. What all of these
have in common is that the price of electric power is lower, or free, when the demand
is lower. (Eurelectric, 2013)
2.3.2 Power tariff
A power tariff is a type of tariff where a part of the customer’s price depends on the
actual power usage over a period of time. This is a common tariff among consumers
that use large quantities of electric power, but this type of tariff has also been
introduced to household customers and customers that use smaller quantities. Two
DSO’s that has introduced power tariffs for households are Sollentuna Energi AB
and Sala-Heby Energi AB. Both of these companies use a tariff that has two parts in
it, one that is fixed and one that depends on the power being used. The power
dependent part is calculated from highest average power usage over an hour, and is
calculated from the three or five hours with the highest power consumption. (Lydén et
al., 2011)

2.4 Environmental impact of electric power consumption
As with all energy that is being used on our planet, electricity consumption gives rise
to an environmental impact. The extent of this impact depends heavily on what
energy source is used to produce the electricity. One measurement that is very
common to analyse environmental impact of energy usage, is to analyse the
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greenhouse gas emissions of the specific energy source being used. An important
thing to remember when reading this part of this thesis is that energy consumption
can give rise to various environmental effects that are not connected to greenhouse
gas emissions, which will be later discussed in the discussion in this thesis.
Greenhouse gas emissions can be presented in terms of Global Warming Potential
(GWP). GWP is presented in the unit grams of CO2 equivalents (g CO2e), where 1 g
CO2e has the same global warming potential equivalent the potential from emission
of 1 g of CO2. Since different greenhouse gases have different GWP, they are
presented as CO2e for comparing reasons. (European Parlament and of the Council,
2009)
When CO2e is further discussed in this report, it is assumed that the GWP from all
greenhouse gases from the specific power source is included in the calculations. The
emissions that come from electric power consumption have to be calculated from a
life-cycle perspective to include all emissions during its lifespan, and to this, LifeCycle Assessments (LCA) are used. An LCA includes all emission from a power
source, including construction and demolition of the power plant as well as the
emissions coming from mining of the energy source – e.g. if it is nuclear or coal. The
CO2 equivalents of various power sources that are in use in either Sweden or its
neighbouring countries are presented in Table 3. These values are not used in the
calculations in the report, but are there to give a picture of how the CO2e intensity
vary depending on what power source is used to produce the electricity.
Table 3: LCA values of g CO2e/kWh generated by various power sources. Data from:
(IPCC, 2011)
Electric power
g CO2e /
source
kWh
Hydro
4
Nuclear
16
Wind
12
Coal
1001
Biofuel
18
Solar PV
46
Oil
840
Natural gas
469
As can be seen in Table 3, the carbon intensity of a different power sources vary a
lot. Because of this, it is important to study what can happen if for example the power
losses can be decreased using demand response, or if there are different electricity
mixes in the electric power system during different hours of the day. The
environmental impact from electric power consumption does naturally depend on
what energy sources are in the power system during the time the electricity is used.
A central part of this report is to analyse how the environmental impact from electric
power consumption can be affected if the electricity usage is shifted between
different hours of the day, which aims to study possible effects of demand response.
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There are various methods to evaluate the environmental impact of electric power
consumption, and each method gives a different result. Below, different methods that
can be used to evaluate the environmental impact of electric power consumption are
described.

2.5 Marginal electricity
Marginal electricity is described as the electricity that comes from the energy source
that is is on the margin in the electric power system. In other words, it is electricity
that comes from the energy source that is to be used last of all energy sources, e.g.
when the demand is very high. It is often the energy source that is used last of all
because it is either more expensive than the other sources in the system, or because
it is a good source to use to regulate the power in the grid. In Sweden, marginal
electricity often comes from hydropower because of its properties that are very
suitable for regulating the power in the grid. In other neighbouring countries, e.g. in
Denmark, the marginal electricity often comes from coal or gas, which is expensive
and carbon intensive compared to other energy sources in the electric power system.
(Sköldberg et al., 2006)

2.6 Average electricity
Average electricity is described as the average electricity mix in the electric power
system that is described. This method uses the carbon intensity (g CO2e/kWh) that
each energy source has, and how large share each source has in the system, to
calculate the carbon intensity of the whole electricity mix. (Sköldberg et al., 2006)
This can be done using different electricity mixes, but in Sweden it is most common
to either use a Swedish or Nordic electricity mix.

2.7 CO2e-signals
A possible way of using environmental impact as an incentive for demand response
could be to introduce CO2e-signals to the electric power consumers. This aims to
increase consumers’ awareness of their environmental impact from their electricity
consumption. The CO2e-signal could be based on the carbon intensity of the
electricity being used, i.e. the carbon footprint for each kWh of electricity consumed.
This CO2e-signal could work as an extra incentive to encourage consumers to move
their power usage to times when there is a larger fraction of renewable energy in the
grid. (Kristinsdóttir et al., 2013) (Song et al., 2013)
In an article by Stoll et al. (2013), it is claimed that Sweden sometimes has negative
correlation between price and carbon intensity in the power grid. One reason for this
is that Sweden is most often regulated with hydropower. Because of this, often during
peak power, hydropower has a larger share in the electric power mix those hours.
Since hydropower has the lowest CO2 intensity out of all our current power sources,
this gives the relation that a higher energy price at peak power also has lower carbon
intensity. However, in this article two other areas, Ontario in Canada and Great
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Britain, are analysed. In both these areas there is a positive correlation between price
and carbon intensity (Stoll et al., 2013).
This means that the potential environmental gain from introducing demand-response
in an area depends on the electricity mix in the region; however, it is important to
understand that the electricity mix in a region is not constant and it will change with
the power usage. The demand affects the electricity mix since the electricity is
produced to meet demand. The negative correlation between price and carbon
intensity in Sweden also depends on what is available at the moment, and
sometimes Sweden have to import power from neighbouring countries which often
gives a positive correlation between price and carbon intensity.
Because of this, calculations on environmental effects in this project can not be made
straight forward, since a load shift in time during the day, can give various
environmental results, sometimes it results in higher carbon intensities.

2.8 System boundaries
The environmental impact of electrical power usage varies to a large extent
depending on where one chooses to set the system boundaries for the evaluation.
The electric power grid in Sweden is connected to the grid in neighbouring countries,
and that means for example that a change in power usage in Sweden may have an
effect on the power production in a neighbouring country and vice versa
(Energimyndigheten, 2013). Electric power is imported and exported across the
borders regularly, and in the sum of the electric energy exchange in between
Sweden and its neighbouring countries is presented.
50000
[GWh]

40000
30000
20000
10000

Export to
Import from

0

Figure 2: Sum of the electric energy exchange between Sweden and neighbouring
countries the year 2011-2012. Data from: (Svenska Kraftnät, 2013)
As can be seen in Figure 2, Sweden is a net exporter of electric energy since the
export is larger than the import. The power grid in Sweden is connected to its
neighbouring countries and there is a lot of electrical energy exchange between the
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countries, especially in between Sweden and the neighbouring Nordic countries.
Because of this, for all calculations of CO2e intensity, a Nordic electricity mix is used
in this report; yearly Nordic electricity mix values and hourly Nordic electricity values
including and excluding the hydropower in the system. These calculations are also
compared to calculations using coal power as a marginal electricity power source.
When using a Nordic electricity mix, two countries with more carbon intense power
production than Sweden, Germany and Poland, are not taken into consideration in
the mix. It would be interesting to use an electricity mix including all countries in the
system, however that is not done in this thesis.

14 (45)

3 Method
There are two main analyses made in this thesis; an analysis of how the power
losses are affected when the electric power usage is shifted between different hours
as a result of demand response, and an evaluation of the environmental effects this
may have. This part describes the method that was used to modify the power usage
curves and the method that has been used to evaluate the impact of demand
response on power losses and environment.

3.1 Data
Data was provided from the DSO Sala-Heby Energi AB, that has in total six areas in
their grid. Detailed data including hourly power input, power usage and temperature
was provided for two areas in their grid, whereas hourly power input was also
provided from the other areas in their grid.
The six areas in the grid are named Sala, Heby, Björnarbo, Morgongåva, Saladamm
and Västerbykil. Hourly power input data to these areas was provided for the years
2013 and 2014.
The two areas that had more detailed data are named Skuggan and Västerbykil,
where Skuggan is a part of the grid in the town of Sala, and Västerbykil has its own
grid. The data from these two areas was provided for the years 2011, 2012 and
2013. More detailed information about these two areas can be seen in Table 4. By
subtracting the power usage data from the power input data in these two areas, the
actual power losses on an hourly basis can be calculated.
Table 4: Properties of the two areas Skuggan and Västerbykil
Area
Skuggan
Västerbykil
Number of customers connected 191
524
Length of overhead power line
1.4 km
57 km
Length of underground cable
11.8 km
96 km
Voltage level
400 V
400V & 12kV
Type of area
Town
Countryside
<50% of household
No district heating
District heating
connected
As can be seen in Table 4, the two areas differ in many ways, and one important
difference is that Skuggan is a part of the town of Sala, and Västerbykil is an area on
the countryside outside of Sala. The effect demand response may have in these two
kinds of neighbourhoods is to be studied.
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3.2 Modified power usage curves
There are various ways to modify a power usage curve in order to describe how
demand response may impact it. The purpose of the modified power curves in this
report is to evaluate what impact shifting electric power consumption over time can
have. Since only the effect of a shift in power usage is to be studied, it is assumed
the energy usage is constant. The shift in power usage has been made for every day,
and the same shift has been used regardless of weeks, months or seasons.
In this work, the power curves have been modified for each day by taking a certain
percentage, a, of the power input each hour and cut that off for the specific hour.
After that, the average value per hour of power that has been cut off has been
redistributed onto every hour of the power input curve modified. This way, the power
curve will look similar to the original power input, but it will be smoother with e.g. with
smaller power peaks in the modified power curve compared to the original. The
equation that has been used to modify the hourly values of a power input curve over
a day, is presented in Equation 1:

Ph,mod = Ph − a ⋅ Ph +

1 24
∑ a ⋅ Ph
24 h=1

(1)

where Ph,mod is the power in the modified power curve at a specific hour, h, Ph is the
power in the original power curve at a specific hour and a is the percentage of the
original power curve that is to be moved.
The percentages that were chosen to modify the power curves were 20%, 50% and
100%. A program was written in Matlab in order to create the modified power curves.
A schematic picture of how an original power curve can be modified with this method
is presented in Figure 3
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kWh

hour

Figure 3: A schematic picture of how an original power input curve (blue) is affected
by the modification. The pink curve is the modified curve, modified 50% (a=0.5). The
green line is the average power usage for the specific day.

3.3 Power losses
After modification of the power usage curves, the possible change in electrical power
losses is to be evaluated. Using physical relations, a model to describe how losses
vary with power usage can be developed. Other possible relations that could affect
the power losses, other than power usage, are studied such as the temperature
dependence of the losses. A flow chart that shows the steps that are taken in order to
analyse the power losses is presented in Figure 4.
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Figure 4: Flow chart of the method to analyse power losses
As can be seen in Figure 4, many steps are taken in order to analyse the power
losses in the chosen electric power grid. The first step is to determine the real power
losses in the grid, which is calculated using Equation 2:
Ploss = Pin − Puse

(2)

where Ploss is the power loss, Pin is the power input and Puse is the power usage.
3.3.1 Quadratic equation
The main part of the power losses that can be affected by demand response is the
resistive losses. If the power usage gets evened out over the day, the same amount
of energy can be delivered as it was originally, but on a lower current level since the
current is proportional to the power being transmitted. This decreases the resistive
losses since they are current dependent. An equation to describe the power
dependence of the losses in the grid can be derived directly from Ohm’s law after a
few assumptions and simplifications have been made.
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Assumptions and simplifications made in this model:
-

The consumption of reactive power is low
The voltage level is kept constant
The grid always have the same electric resistance

Figure 5 shows a simple model of an electric power grid as a resistive electric circuit:

Rgrid

Rload

Figure 5: A simple model of an electric power grid, where Rgrid is the resistance in the
power line and Rload is the resistance in the power load
The ideal case would be a grid without any resistance, i.e. Rgrid=0, since then there
would be no power losses.
When applying Ohm’s law to the circuit in Figure 5 you get

Ploss = Vgrid I = Rgrid I 2

(3)

where Ploss is the power loss, Vgrid is the voltage drop in the grid, I is the current and
Rgrid is the resistance in the grid. The current, I, in the whole circuit can be written as
I = P / V and Equation 3 can then be rewritten to:

Ploss = P 2

Rgrid
V2

(4)

Since the voltage and resistance in the grid are assumed to be constant in this
R
model, a constant k = grid
is introduced and the final expression is:
V2

Ploss = kP 2

(5)

where Ploss are the power losses [kW or kWh/h], P is the input power [kW or kWh/h]
and k is a proportionality constant [(kW)-1]. Shaw et al. (2009) have also used this
method in a report, where the power losses are assumed to be proportional to the
power input squared.
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The power losses have one fixed and one variable part, and it is the variable part of
the losses that can be affected by demand response. To calculate the power losses
using this quadratic method described, k is calculated numerically for the chosen
electrical power grid using its power input curve, the total power losses (can be a
percentage of the yearly power input) and an assumed part of the power losses that
are variable. The variable part of the losses is named Ploss,var and the fixed part is
named Ploss,fixed in this work. The losses described in Equation 5 are therefore the
variable power losses, and Equation 5 can be expressed as:

Ploss,var = kP 2

(6)

and the total power losses can be expressed as:

Ploss = Ploss,fixed + Ploss,var = Ploss,fixed + kP 2

(7)

This equation can then be calculated and summed up for each hour of a year in order
to get the total energy loss, if hourly values of the power are available [kWh/h]. Since
power is energy over time, the total energy can be calculated via summing the power
over the time that is to be studied, in this case over all hours of a year. The total
energy, E, can be expressed as a sum:

E=

∑

PΔt

(8)

all hours,year

where Δt is the time step, in this case one hour. Combining Equation 7 and Equation
8, the following equation is retrieved:
E loss =

∑

∑

kP 2 Δt +

all hours,year

all hours,year

Ploss,fixed Δt

(9)

The total electrical energy loss over a year for all Swedish power companies can be
found at SvK, the Swedish National Grid, and it comes as a percentage of total
energy input for each power company. The total energy loss in a power grid can be
calculated using this percentage, called aloss in this report, and the total energy, E:
E loss = aloss E

(10)

Combining Equation 9 and Equation 10, you get the following equation:
aloss E =

∑

all hours,year

kP 2 Δt +

∑

all hours,year

Ploss,fixed Δt

(11)

The variable unknown in Equation 11 is k. In order to calculate k from Equation 11,
an assumption of how large the parts of fixed versus variable energy losses are has
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to be made. The share of fixed losses can be expressed as a percentage, aloss, of the
total energy losses. The share of variable losses is then avar = 1 - afixed. Inserting this
into Equation 11 you get:
aloss E = k (1− afixed )

∑

all hours,year

P 2 Δt + afixed

∑

PΔt

(12)

all hours,year

In order to calculate the constant k from Equation 12, it can be rewritten and the
equation to calculate k is:

k=

aloss E − aloss afixed E

∑

P 2 Δt

=

all hours,year

aloss E (1− afixed )

∑

P 2 Δt

(13)

all hours,year

Since E loss = aloss E and 1 - afixed = avar, Equation 13 can be rewritten to:

k=

avar E loss

∑

P 2 Δt

(14)

all hours,year

After calculating k using Equation 14, power losses can be calculated as described in
Equation 9. Using this equation, the losses for different power input curves can be
calculated and compared.
3.3.2 Curve fit
In order to find a relationship between power losses and input power, curve fits were
made using curve-fitting tools in Matlab. This was also made in order to make an
analysis of how valid the quadratic method described above is to evaluate the power
losses. Since the resistance in the power grid does not only depend on the power
input but also temperature, some of the curve fits were made using temperature as a
variable to see if a temperature dependence could be found in the power losses. The
resistivity of a conductor varies linearly with temperature according to theory, which is
shown in Equation 15 (Nordling & Österman, 2006).
R = R0 (a + α (T − T0 ))

(15)

where R is the resistance at temperature T, R0 is the resistance at temperature T0
and α is a temperature coefficient specific to the element described.
To make the curve fittings, some values from the original data input were erased;
some of them because they were obviously wrong (negative power losses), and
some of them because temperature data was missing. The erased values are about
2% of the original ones. The equations the power losses were fitted to are presented
in Equations 16-20 below. The constants k1, k2 and k3 were to be found when doing
these curve fittings. P is the power input and T is the outdoor temperature.
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Ploss = k1P 2 + k 2P + k3

(16)

Ploss = k1P + k 2

(17)

Ploss = k1P 2 + k 2

(18)

2

Ploss = k1P + k 2T + k3

(19)

Ploss = k1P + k 2T + k3

(20)

As can be seen, Equation 18 is on the same form as the quadratic method described
earlier in this paper. The parameters k1, k2 and k3 were saved for all curve fits, as well
as some measures of how well the fit matched the input data. Curve fits were made
for the two areas over three years, 2011-2013. Also, curve fits were made for
combined values over the three years for each area. To clearly see what analyses
were made, these are presented in Table 5.
Table 5: A table to illustrate cases and curve fits studied
2011
Skuggan

2012

Ploss = k1P 2 + k 2P + k3

2013
Combined values for 2011-2013 Curve
fits
2011

Ploss = k1P + k 2

Västerbykil 2012
2013
Combined values for 2011-2013

Ploss = k1P 2 + k 2
Ploss = k1P 2 + k 2T + k3
Ploss = k1P + k 2T + k3

As can be seen in Table 5, 4 cases in each area were analysed and had 5 curve fits
made to them. This means that in total, 2 i 4 i 5 = 40 curve fits were made and
parameters k1, k2 and k3 as well as measures of how well the fit matched the input
data was saved for each fit.
A thing that is worth remembering is that the electric power usage increases in cold
temperatures, while the power lines can get affected by the outdoor temperature and
as a result of that get lower resistance.

3.3.3 Quadratic method and curve fits compared to actual power losses
The power losses for the modified power curves in Västerbykil and Skuggan are
calculated in various ways:
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1. The curve fit that in most cases matched the data best; Equation 16
2. The curve fit that is on the same form as the quadratic method in order to
compare the results between the curve fit and the other method; Equation 18
3. The quadratic method where the share of variable losses was the average
value of variable losses for three years
4. The quadratic method where the share of variable losses was optimized for
each area and year using the data and tools in Excel for curve fitting
The calculated losses are then compared to the actual losses for the same area and
year. In order to compare the different curves the Root Mean Square Error, RMSE, is
calculated. To see how the different calculation methods affect the calculated losses
in the different modified power input curves these are calculated and the results are
compared.

3.4 Environmental evaluation
Demand response does not give a decrease in energy usage, and therefore, there is
no direct environmental effect of moving the electric power usage since it does not
decrease the power production in itself. If there is a decrease in losses however, a
positive environmental effect has been reached since less electric energy has to be
produced for the same energy usage.
In this thesis, two environmental evaluations of demand response are made:
1. The environmental effects from a decrease in power losses due to demand
response
2. The environmental effects from shifting the power usage between different
hours due to demand response
The data used to calculate the carbon intensity of the power usage is based on either
average electricity or marginal electricity calculations, and the different methods used
to do the environmental evaluation are presented in Table 6. All data used have the
Nordic countries as the system boundary; Sweden, Norway, Denmark and Finland.
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Table 6: Presentation of the data used for the different methods in the environmental
evaluation.
Name this
Hourly/yearly
method is
Method
Value/values
data
referred to in
the results
Average electricity
Yearly
125.5 g CO2e/kWh
Average
(Martinsson et al., 2012)
Nordic mix including
Hourly
177-212 g CO2e/kWh
Incl hydro
hydropower
Presented in Figure 6
Nordic mix excluding Hourly
333-360 g CO2e/kWh
Excl hydro
hydropower
Presented in Figure 6
Marginal electricity:
Yearly
1001 g CO2e/kWh
Coal
coal
(IPCC, 2011)
The data used to calculate the carbon intensity of the power is based on either
average electricity calculations or marginal electricity calculations. For average
electricity calculations, a Nordic average electricity mix was used. The hourly values
describing the electricity mix are from a report by Ekman (2014). The values are
calculated a combination of two equations; one described by Stoll et al. (2013) and
one described by Zivin et al. (2013). These hourly values were used using the Nordic
electricity mix including and excluding hydropower, where the value including is to
represent an average electricity mix and the value excluding the hydropower is to
represent marginal electricity. For marginal electricity calculations, coal power was
used since coal power is the most carbon intensive power source in the system
(IPCC, 2011).
400
350
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g CO2e/kWh

300
250
200

Including hydro
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0
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Figure 6: Values used to calculate CO2e intensity as mean values for different hours
during the day. Values from: (Ekman, 2014: p36-37)
The values presented in Figure 6 are values calculated based on a Nordic electricity
mix; the green line represent the Nordic electricity mix excluding hydro and the pink
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line represent the Nordic electricity mix including hydropower. These values are
calculated and presented in a report by (Ekman, 2014) and they are based on hourly
generation and consumption data from 2009-2013, and are calculated as an average
for each hour of the day. As can be seen when comparing the average carbon
intensity as a yearly value with the hourly values presented in Figure 6, the average
carbon intensity using the hourly values is higher than the average yearly carbon
intensity. This is because the values are calculated using different methods. For
more information about this, the reader is referred to (Ekman, 2014) (Martinsson et
al., 2012) (Stoll et al., 2013), (Graff Zivin et al., 2013).
3.4.1 Change in power loss
Figure 7 shows a flow chart of how the environmental impact of decreased power
losses was calculated. The result is in kg CO2e released to the atmosphere
compared to the original power losses.

Figure 7: Flow chart of how the CO2e emissions from the change in power losses
were calculated
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The change in emissions of CO2e was calculated for the whole power grid belonging
to Sala-Heby Energi AB for the year of 2013. To calculate this, the hourly power
losses for the original and the modified power curves were calculated using the
quadratic method in each area in the DSO’s power grid. The change in power losses
between the modified power curves and the original power input was calculated for
each hour. The emissions of CO2e were then calculated for the change in power
usage using the four methods presented in Table 6.
The emissions of CO2e were calculated for the whole power grid belonging to SalaHeby Energi AB for the years of 2013 and 2014. To calculate the impact a change in
power usage could have on losses, the hourly power losses for the original power
curve were first to be calculated, and then the emission of CO2e was calculated for
each hour using average Nordic electricity mix. After that, to calculate the effect of
the change in power losses each hour, three calculations were made; one where the
change was analysed using Nordic average electricity mix, one using Nordic
electricity mix including hydropower and one using Nordic electricity mix excluding
hydropower.
3.4.2 Shift in power usage between hours
The environmental impact of the shift in power usage is calculated similarly to how
the environmental impact of changed power losses is calculated in this thesis. The
carbon intensity of the original power curve was calculated using Nordic average
electricity mix. The change in power input for the different hours was then calculated,
and the carbon intensity was calculated for the difference each hour using a Nordic
marginal electricity mix, including or excluding hydropower. A flow chart that
illustrates how the environmental impact was evaluated is presented in Figure 8.
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Figure 8: Flow chart to show how the change in CO2e emissions due to a shift in
power usage between hours was calculated
When evaluating the environmental impact of a shift in power usage, the difference in
power input between the original and modified curves is calculated (which can be
both negative and positive, depending on what hour it is). After that, the carbon
intensity on the difference of power usage was calculated using Nordic electricity mix
for each hour, using the values presented in Figure 6. For marginal calculations, coal
power was used as the marginal electricity power source. When doing these
calculations, the decrease in power usage during on-peak hours was assumed to
create a decrease in coal power production. When the electric power usage was
increased during off-peak hours due to the shift in power usage, the power was
assumed to come from an average electricity power production. This is further
discussed in the discussion part of this thesis.
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4 Results
In this section the results for the different studies in this thesis are presented; the
modified power input curves, the power losses and the environmental calculations.

4.1 Modified power curves
The power input curves in all the areas in the Sala-Heby AB electric power grid were
modified using the method described earlier in this thesis. The power input curves for
the different areas in the power grid differ, which is a result of various factors
including but not limited to the kind of power consumers (households. businesses
etc.) and type of heating in the area. In Figure 9, the power curve modified 100%
compared to the original power input for the year of 2013 in all grids belonging to
Sala Heby is presented. In comparison, a plot presenting the 100% modified power
curve and the original for two of the areas in the grid, Västerbykil and Sala, can be
seen in Figure 10 and Figure 11.
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Figure 9: The original power input in the power grid belonging to Sala Heby Energi
AB 2013 (green) and the curve modified 100% (black)
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Figure 10:The power input in Sala 2013 (green) and the curve modified 100% (black)
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Figure 11: The original power input Västerbykil 2013 (green) and the curve modified
100% (black)
As can be seen in Figure 11, the power input in Västerbykil varies a lot with the
season. At the same time, it can be seen that this is not the case in Sala, as can be
seen in Figure 10. This shows that depending on what kind of area the grid is in, the
power usage may look different. In Sala, the main town in the area, there is a
combined heat and power plant that is in use during the cold season. This power
plant supplies district heating and power to the Sala area. This is a possible
explanation for the power curve’s seasonal dependence that can be seen in
Västerbykil but not in Sala.
In Figure 12, the original and modified power inputs for the area Heby are presented.
It shows two weeks during 2013, week 4 (21st-27th January) and week 30 (22nd-28th
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July). It can be seen that during the winter, the power usage is about twice the
summer usage.
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Figure 12: The original- and modified power input in Heby during two one-week
periods 2013
In Table 7, the percentage decrease of power usage is presented for three areas in
Sala-Heby for the different modifications. It shows the decrease of the yearly highest
power usage peak compared to the original power curve.
Table 7: The percentage decrease of the maximum power peak for the power curves
modified by 20, 50 and 100%. Calculated as a decrease in percentage of the original
power peak.
2013
2014
Sala
Heby
Björnarbo Sala
Heby
Björnarbo
Mod20 8.4%
2.7%
2.4%
4.5%
2.9%
1.2%
Mod50 15.8%
5.8%
5.9%
9.3%
7.2%
3.0%
Mod100 24.5%
11.0%
11.8%
17.4%
14.4%
6.0%
In Table 8 and Table 9, the total amount of energy moved in between different hours
in three areas in Sala-Heby is presented. In Table 8, it is presented as the moved
energy in MWh, and in Table 9 it is presented as a percentage of the total energy
usage in the area.
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Table 8: The total energy moved for power curves modified by 20, 50 and 100%.
Calculated in MWh.
2013
2014
Sala
Heby
Björnarbo Sala
Heby
Björnarbo
Mod20 3500
970
230
3600
1100
230
Mod50 8900
2400
580
9100
2700
580
Mod100 17800
4900
2000
18200
5300
2000	
  
Table 9: The total energy moved for power curves modified by 20, 50 and 100%.
Presented as percentage of total energy usage.
2013
2014
Sala
Heby
Björnarbo Sala
Heby
Björnarbo
Mod20 4.1%
2.2%
1.9%
4.1%
2.5%
1.9%
Mod50 10.3%
5.5%
4.7%
10.1%
6.3%
4.9%
Mod100 20.6%
11.0%
16.0%
20.3%
12.5%
16.5%	
  

4.2 Power losses
To analyse how the power losses may change due to demand response with the
modified power curves described above, different methods to describe how the
power losses may vary with the power input were analysed. The relation between
power input and power loss was calculated with the quadratic method, curve fits and
compared with data of the measured power loss. In some of the curve fits, the
relation between power loss and temperature was also studied.
The power usage depends on temperature, which is shown in Figure 13. The power
usage is almost constant for temperatures above ~15°C. This indicates that at
temperatures below that, electric power is used for heating.
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Figure 13: The power input in the areas Västerbykil and Skuggan versus outdoor
temperature
4.2.1 Power losses calculated with the quadratic equation
The share of variable and fixed power losses that minimize the difference between
the calculated power losses and the real losses for the areas Skuggan and
Västerbykil can be seen in Table 10. In the literature, a share of around 70% fixed
losses is a common assumption (Shaw et al., 2009). This matches the calculated
share of variable losses in Skuggan well, but it does not match very well with the
calculated share in Västerbykil, where the calculated share of fixed losses is 39%. A
possible reason to this can be that the quadratic relation between the power input
and losses is not as strong in Västerbykil as in Skuggan, since the curve in
Västerbykil is a bit more linear.
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Table 10: The share of variable losses that to be used in calculations, that minimise
the difference in between calculated and real power losses
Year
2011
2012
2013
Mean value

Skuggan
65%
69%
75%
70%

Västerbykil
38%
40%
39%
39%

4.2.2 Curve fit
The curve fits that were done resulted in equations with constants for different
curves. Each curve fit also had information about how well it fitted to the original data.
This information is shown under the column R2, R-square in the fit. The closer to 1 R2
is, the better is the fit. The values of the constants in the different curve fits that were
made 2013 are presented in Table 11.
Table 11: Constants retrieved in the curve fits for Skuggan and Västerbykil 2013
k3
-1.41

R2
0.9348

Skuggan 2013
k1 P 2 + k2 P + k3

k1
3.33×10-5

k2
0.03

k1 P + k2

0.053

-4.85

0.9247

k1 P 2 + k2

7.16×10-5

3

0.9207

k1 P 2 + k2T + k3

6.67×10-6

-1.14

20.01

0.7725

k1 P + k2T + k3
-0.031
Västerbykil 2013 k1
k1 P 2 + k2 P + k3
1.13×10-5

-0.51
k2
0.02

23.18
k3
14.24

0.7889
R2
0.9216

k1 P + k2

0.033

8.68

0.9133

k1 P 2 + k2

2.15×10-5

19,7

0.9144

k1 P 2 + k2T + k3

2.27×10-5

0.06

2.65

0.9156

k1 P + k2T + k3

0.036

0.09

-19.56

0.9161

The curve fit that was best fitted to the data was Equation 16, which has both a
quadratic and a linear component and is only fitted to the power input, which is
marked with grey in Table 11. One thing worth noting is that the curve fits including
outdoor temperature get about the same R2 value as the other fits in Västerbykil, but
the R2 value for these fits are not close to as good as the fits including only power
input in Skuggan. This indicated that there is a linear relation between the power
losses and outdoor temperature in Västerbykil, but not in Skuggan. One explanation
to this could be that there are more overhead power lines in Västerbykil than in
Skuggan. When the outdoor temperature decreases, the electric power usage
increases. The lower outdoor temperature can decrease the resistance in the
overhead power lines, which ma be an explanation to why the power losses do not

33 (45)
only increase in a quadratic manner. The positive values on k2 in the curve fits also
indicates that there is a linear relation that makes the resistance in the overhead
power lines increase with temperature.
4.2.3 Curve fits and quadratic equation compared to measured power losses
The curve fits and the quadratic equation used on the two different areas Västerbykil
and Skuggan the years 2011-2013 were studied. The root Mean Square Error
(RMSE) for the different calculations is presented in Figure 14.
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Figure 14: RMSE values for different curve fits and the quadratic formula in
Västerbykil and Skuggan
As can be seen, the RMSE values in Västerbykil are larger than the RMSE values in
Skuggan. The better the fit, the lower the RMSE value is. There are many factors that
can affect the quality of the curve fit. One factor that is a main different between
these two power grids is that in the power grid in Skuggan consists of mostly
underground while the grid in Västerbykil consists of 37% overhead power lines.
4.2.4 Change in power losses
The power losses were calculated using the quadratic method for each area in the
DSO’s grid. The original yearly power loss in the grid of Sala-Heby is presented in
Table 12. The total change in power losses the years 2013 and 2014 are presented
in Figure 15 - 17.
Table 12: Yearly power losses in the Sala-Heby Energi AB power grid
(Energimarknadsinspektionen, 2014)
2008
2009
2010
2011
2012
2013
Average
4.1%
4.2%
3.2%
4.3%
3.7%
3.8%
4.0%
.
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Figure 15: Total calculated power losses in all areas in the Sala-Heby power grid the
years 2013 and 2014 for the original and the modified power input curves
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Figure 16: The total calculated change in power loss in the Sala-Heby power grid the
years 2013 and 2014 for the modified power curves compared to the original power
input curve
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Figure 17: Percentage decrease in power loss in the Sala-Heby power grid the years
2013 and 2014. Calculated as percentage of total power losses in the original power
input curve for the different modified power input curves.
As can be seen in Figure 17, the decrease in power losses vary for different areas,
where Sala has the largest decrease in power loss. This is the main town in the area
and the power usage varies the most in this area compared to the others, so
therefore more power is moved in this area compared to the others doing the
modifications of the power input curves. It is also worth noting that the yearly power
loss has a decrease of between ~0.5 – 4 % of the original power loss. As seen in
Table 12, the yearly power loss has an average of 4% of the total electric power input
and therefore, the total energy that can be saved is 0.02%-0.16% of the total electric
energy.

4.3 Environmental evaluation
The environmental evaluation is calculated as the change in kg CO2e released to the
atmosphere for the modified power curves compared to the original power input
curve. This was done for the whole electric power grid belonging to Sala-Heby Energi
AB on the power input curves 2013 and 2014. The results are presented as plots
where the change in tonnes CO2e calculated using three different methods; average
electricity, marginal electricity including hydropower and marginal electricity excluding
hydropower are used. All these methods are based on a Nordic electricity mix
In Figure 18-20, the change in CO2e released due to the change in power losses and
the shift in power usage between different hours of the day is presented. The plots
show the change in CO2e released over one year.

36 (45)
Hourly Nordic electricity mix incl hydro

Hourly Nordic electricity mix excl hydro

Yearly average Nordic electricity mix

Marginal electricity, power source: coal

0
-20
-40

mod20

mod50

mod100

tonnes CO2e

-60
-80
-100
-120
-140
-160
-180
-200

Figure 18: The change in tonnes CO2e released compared to the original power input
curve due to the change in power losses for one year. Average per year calculated
for the years 2013 and 2014.
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Figure 19: The change in tonnes of CO2e released compared to the original power
input curve due to the shift in power usage in between hours of the day, for one year.
Average per year calculated for the years 2013 and 2014.
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Figure 20: Total change in tonnes CO2e released compared to the original power
input curve in one year. Average per year calculated for the years 2013 and 2014.
The second plot show zoomed in values from the plot above.
As can be seen in Figure 18-20, the CO2e emissions due to power losses are a minor
contributor to the total change CO2e released due to the power shift. However,
decreasing power losses will always have a good environmental impact since less
electric power is being used. The question of however moving the power
consumption in between times might have an effect or not is questionable; according
to the calculations presented in this section completely different results are achieved.
This is further discussed in the discussion part of this thesis.
The results above can be compared to the total emissions of CO2e from the electric
power used in the whole power grid belonging to Sala-Heby Energi. The change of
CO2e as percentage of the original CO2e is presented in Figure 18. The original
CO2e emissions were calculated using average yearly Nordic electricity. The change
was calculated using the different methods presented in Figure 18. The data
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presented in Figure 21 and 22 show the percentage decrease of CO2e of the total
electric power input. The data in these figures are average yearly values based on
data from 2013 and 2014. Figure 21 shows the change of CO2e in percentage from
the original power input based on the decrease in power losses and Figure 22 shows
the change of CO2e based on both the decrease in power losses and the shift of
power usage between hours.
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Figure
-0.921: The change of CO2e emissions due to decrease in power loss as a
percentage of the original CO2e emissions over a year. The original CO2e emissions
are calculated using yearly average Nordic electricity mix. Average per year
calculated for the years 2013 and 2014.
As can be seen, the change of CO2e emissions due to decrease in power losses are
marginal, all calculations give a result of less than 1%.
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Figure 22: The change of CO2e emissions as a percentage of the original CO2e
emissions over a year. The original CO2e emissions are calculated using yearly
average Nordic electricity mix. Average per year calculated for the years 2013 and
2014.
As can be seen in Figure 21 and 22, the change in CO2e emissions varies depending
on what method is used to calculate these. Using marginal electricity for the
calculations gives a larger environmental benefit than average electricity calculations.
It can also be seen that the shift between hours in power usage gives a larger
environmental impact than the decrease in power losses.
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5 Discussion
There are many uncertainties in the results in this thesis, which are discussed in this
section. The main uncertainties are from the environmental evaluation, since the
power grid is a complex system with no clear boundaries.

5.1 Power losses
The method used in this report to evaluate the power losses in the whole grid was
the quadratic method. This method involves some assumptions that are
simplifications of the system. Some of these assumptions include that the voltage
level and resistance in the grid is constant; these are two things that can vary in a
grid. Another assumption is that the power losses will not vary depending on where in
the grid the electricity is used. If the electricity is used further away from the source,
the resistance increases and so does the power losses. This is due to the fact that
the resistance in a conductor depends on how long the conductor is. Also, when
there is large load in the grid, the voltage will drop. A voltage drop causes an
increase in current, which also leads to larger power losses. To make a model
involving these factors require a more complicated model for the calculation. Another
factor that is not taken into account is the reactive power in the grid, which could be
interesting to evaluate in a more detailed study of electric power losses in a grid.

5.2 Environmental evaluation
Depending on which method is used in the evaluation, completely different results
are achieved. Some environmental results in this report show a negative
environmental impact by increasing emissions of CO2e due to a load shift and some
result show a positive impact.
When using average electricity mixes in the environmental evaluation, the final result
is that more CO2e is released to the atmosphere compared to the original emissions.
However, it is often recommended to apply marginal electricity values when
calculating the effect of a change in a power system (Gode et al., 2009). This is
further explained in Figure 23, where an illustration of what might happen to an
electricity mix when the electric power usage is moved between hours. The left
picture in Figure 23 shows the Swedish electricity mix from production in 2013, where
it can be seen that the electric power is mostly regulated using hydro as the power
source. In the right picture, the power production is evened out so that the same
electric power is produced every hour, while the same amount of energy is used in
both scenarios.
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Figure 23: The Swedish electricity mix 2013 (left). An illustration of how the electricity
mix can change if you change the power usage. Data from: (Svenska Kraftnät, 2013)
As can be seen in Figure 23, when using average electricity to calculate a possible
environmental effect due to a shift in the electric power usage, it is assumed that the
electricity mix is to be constant every hour. However, that might not be the case,
since the electricity mix is linked to the demand each hour. It can also be argued that,
like in the example Sweden, the power in the system is regulated using hydropower,
and hydropower is the least carbon intensive power source in the Swedish power
system. Therefore, the average electricity mix has lower carbon intensity during
peak hours. However, if the electric power consumption is shifted to be used on other
hours, the power production will have to be increased during these hours which
would most likely result in a larger share of hydropower during those hours compared
to the original scenario, while the share of hydropower in the system will lessen
during the hours of peak demand. The hydropower is a limited resource since the
energy available depends on the water level in the reservoirs. Therefore, it is always
aimed to be used to its maximum capacity each year. This means that a shift in
power usage should have a minor effect on the production of hydropower since it is
already used to its maximum capacity.
Doing an environmental evaluation using marginal electricity values might therefore
be a good option when it comes to evaluate the effect of a change in the power
system (Gode et al., 2009). This is also a common way to make evaluations of
changes in the system. The power source that is on the margin in Sweden is
hydropower, but as said before, hydropower might not be the best power source to
base the calculations on. This is the reason why calculations were also made using
Nordic electricity mix excluding hydro, as it is also made in a work by (Ekman, 2014).
The environmental evaluation using coal as marginal power was made in two parts,
as well as the others – one part consist of calculations based on the CO2e emissions
due to the power losses and the other part consist of calculations based on the CO2e
emissions due to the shift in power usage. However, when using LCA values for a
specific power source it has the same CO2e intensity per kWh independently of what
hour it is. To evaluate the effect of the shift in power usage in between hours using
this type of marginal calculations there are assumptions that have to be made –
assumptions regarding what time different power sources are to be used in the power
system. They were made so that whenever the power usage was increased due to
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shift in power usage (off-peak hours), the electricity was assumed to have the same
mix as the average Nordic electricity mix. Whenever the power usage was decreased
due to the shift in power usage (on-peak hours), the electricity that was moved was
assumed to come from coal. These calculations were mostly made as to compare
the results.
This method is by far the method that gives the largest decreases in CO2e emissions
due to the power shift in this report. How valid using this type of marginal electricity
for the Swedish system can be discussed further since using a method like that gives
very different results from using other methods to calculate the carbon footprint of a
change in electric power usage. It can be argued that a decrease in electric power
usage in Sweden during peak hours can lead to an increased export of electric power
from Sweden to northern Europe, which then can reduce the electric power
production on the marginal in a neighbouring country where the marginal power
source often is coal. When looking at the results though, a 6000 tonnes reduction of
CO2e emissions from one DSO in Sweden is a very large reduction. The calculation
is based on the idea that a load shift in Sweden can change the electric power
production in another country, so it can be seen as a reduction created somewhere in
the system, but not necessarily in Sweden.
Results found in this project do not give specifically clear evidence that demand
response can lower the electric power losses nor lessen the environmental impact. It
is clear that it is hard to evaluate these effects since it is a very complex system. One
thing that is proven in this thesis is that the power losses are dependent on the power
usage, however, how much introducing demand response can actually lessen them
is negotiable. Some environmental results in this report show a negative
environmental impact by increasing emissions of CO2e due to demand response. If
this is true or not for the Swedish electric power system can also be discussed
further.
I think that demand response is very important for the introduction of a larger share of
renewable power sources in an electric power system. When it comes to installing
new power sources, the choice is often to either install power plants using fossil fuels
or power plants that use renewable, but intermittent, sources such as wind or solar
power. When it comes to this choice being made, it is clear that the best choices for
creating an environmentally stable power system are the renewable power sources.
When it comes to quality and reliability of power accessible, the fossil fuels are
preferable since they can be run at any time and do not depend on factors such as
the weather. With introducing demand response, the theory behind it is to be able to
control the demand with the accessible power in the system; e.g. a system with a
large share of wind power will make the demand increase on a windy hour and make
it decrease during a calm hour. This is an important function in the power system in
order to create an electric power distribution system that is more sustainable in the
future and to lessen our environmental impact and dependence of fossil fuels.
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6 Conclusion
When the power usage is shifted between hours due to demand response, there is a
decrease in power loss. This decrease results in a decrease of CO2e emissions. The
emissions CO2e due to the electric power usage in the power grid of Sala-Heby
Energi AB can decrease by <0.8% due to the decrease in power losses depending
on what method is used to evaluate the CO2e emissions and how much the shift is
made by (0.8% decrease is achieved when the power input curved is evened out to
100% every day and the decreased power losses are calculated using marginal
electricity with power source coal).
The environmental evaluation gives different results depending on what method the
calculations are based on. Marginal electricity calculations based on coal power give
the largest decrease in CO2e compared to other calculations. When both the shift in
between hours and power losses are taken into account, the CO2e can be decreased
to up to 30% of the total power loss. This is assuming all the electricity that is moved
is coal power that has been replaced with Nordic average electricity.
For the case that is most likely to be able to achieve, a modification of power curves
by 20%, the total CO2e emissions can increase by 0.2% or decrease by up to 6%.
The potential to have an environmental benefit from a load shift is not very big when
it comes to power losses. There is a much larger potential when it comes to what
time the power usage is happening, depending on if it is during on-peak or off-peak
hours.
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