
 23rd International Conference on Electricity Distribution Lyon, 15-18 June 2015 
 

Paper 1163 
 

 

CIRED 2015  1/5 

SUMMARY OF THE SWEDISH TARIFF REGULATION AND IMPACT OF CHANGES ON 
INVESTMENT STRATEGIES 

 
 

 Sune BERGERLAND  Carl Johan WALLNERSTRÖM Patrik HILBER 
Karlstads El- och Stadsnät – Sweden KTH – Sweden KTH – Sweden 
 sune.bergerland@karlstad.se cjw@kth.se hilber@kth.se 

 

ABSTRACT 
This paper evaluates how upcoming changes in the 
Swedish tariff regulation could affect distribution system 
operators (DSOs), with focus on reinvestment planning. 
This is done by general analyses as well as by authentic 
calculation examples of a real power distribution system. 
The paper describes the Swedish tariff regulation with 
expected changes, provides a summary of changes in 
Swedish laws and regulation affecting DSOs between 
1996 and 2016, describes how a DSO at local 
distribution level conduct their reinvestments, illustrates 
economic calculation examples and finally presents 
analyses and conclude the results.  
 
Analysis results presented show that the outcome from 
the regulation is sensitive towards relatively small 
changes in WACC and age structure. The tariff cap 
allowed will however be significantly reduced for all 
tested scenarios. A reinvestment rate of in average~10 % 
regarding meters and IT and ~2.5 % regarding all other 
categories could be a rough guideline to meet the new 
incentives, but that could differ depending on the actual 
age structure of the DSO. 

INTRODUCTION 
The Energy Market Inspectorate (Ei) [1] is the Swedish 
authority that monitors electricity networks in Sweden 
and represent the end-customer's interest in price and 
quality of electricity supply. For this purpose, a tariff cap, 
which currently covers the years 2012-2015, gives 
companies an upper limit on how much they can charge 
their customers. There are also financial requirements on 
how the customers should be compensated for 
interruptions. The method for calculating the tariff cap 
will be changed for the regulatory period 2016-2019, 
moving from calculating the capital base with a real 
annuity method to a real linear method. The latter takes 
into account the network age, which currently is not 
included. This will affect the incentives for reinvestment 
which is investigated in this paper. 

SWEDISH TARIFF REGULATION AND 
RELATED LAWS 

Short historical summary  
A historical summary of Swedish tariff regulations and 
additional laws affecting incentives of DSOs regarding 

1996-2012 is provided in: [2]. Tariff regulation 
introduced 2012 is summarized in: [3]. Important parts of 
the background to current Swedish situation are also 
shortly summarized as a timeline in Table I. 
 
Table I Summary of changes since 1996 [2] [3] 
Year Changes 

1996 The Swedish electricity market was de-regulated. The power 
systems infrastructures continue however as natural 
monopolies. The following years the regulator identified 
problems with increased tariffs and tried different 
approaches.   

1998 Project initiated by the regulator to develop a new tariff 
regulation model. [4]  

2003 A performance based regulatory model was introduced 
using fictive reference networks, referred to as the Network 
Performance Assessment Model (NPAM).  

2005 A severe storm struck Sweden 8-9 January and caused 
outages for ~450 000 customers  political pressure to 
implement harder laws affecting DSOs. 

2006 Law of mandatory risk analyses regarding reliability which 
also includes an action plan. 

2006 Customer compensation law regarding outages above 12 
hours.   

2008 Information about extensive outages has to be reported to 
the regulator. 

2008 Re-payment demanded by the regulator based on the NPAM 
ended up in comprehensive legal processes [5]. In late 2008 
the parties made an agreement concerning 2003-2007. 

2009 The NPAM was formally abandoned 
2011 Law of 24 hour function requirement, i.e. outages longer 

than that not tolerated.  
2012 Sweden changed from ex-post to ex-ante tariff regulation 

according to an EU directive. The new model has a 
regulatory period of 4 years (1st 2012-2015). 

2016 From the second regulatory period (2016-2019), the 
regulation changes as described and evaluated in this paper.  

 

Current tariff regulation 

 
Figure 1 Overview of current and upcoming regulation  
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Figure 1 show the blocks included in the calculation of 
the tariff cap relating to a period of four years. The 
current (the first) period covers the years 2012-2015 and 
the second period covers the years 2016-2019 which is 
also the first period including the changes described in 
this paper; Figure 1 is however valid also after these 
changes since they apply to the underlying calculations 
and assumptions of capital cost calculation. 
 
Description of each block in Figure 1: 
• Non-controllable costs relate to historical four years 

cost that the company itself cannot influence. This is 
for instance the cost of the overlying network, the 
cost of purchasing energy loss and agency fees. 

• Controllable costs relate to historical four years cost 
that the company can control themselves. It is all the 
other expenses associated to operation than those 
included in “non- controllable costs”. 

o Efficiency requirements indicate how 
much Ei considers that the companies 
should streamline their operations. 

• Operational costs are the sum of non-controllable 
and controllable (with efficiency requirement)  

• Capital Base is the sum of all present purchase 
values (PPV) that are included according to Ei’s 
directives. The capital base is input to calculation of 
capital costs and consists of depreciation and 
return. The underlying logic of these two blocks is 
described in next section. The return is sometimes 
modified by a quality adjustment. 

• The sums of the operational and capital costs are 
adjusted for last period's over- or under -
charging. The result of this gives the company's 
tariff cap regarding a 4 year period. 

 
The capital cost is calculated as the sum of return on 
investment and deprecation. For the period 2012-2015, 
these where calculated with an annuity factor and the 
calculation did not take the age into consideration. For 
more information and evaluation of the previous method, 
see [1]. The new method is described in the next section. 

Changes in the regulation   
The difference between current and the new regulatory 
period is the change in calculation of depreciation and 
return. The depreciation time is set to 40 years for current 
carrying equipment and 10 years for other equipment 
such as meters and IT. The WACC for the upcoming 
period is currently under legal treatment, see more 
information in chapter “Studied system and input from 
Ei”, section “Input from Ei and ongoing legal processes”.  
 
The upcoming changes imply moving from the approach 
of calculating the capital costs with a real annuity 
method, to a real linear method. The real linear method 
requires that the ages of all components are determined. 
The new calculation method is given by equations (1)-

(3), where LT = depreciation time (decided to be 10 years 
for meters and IT, else 40 years), α decided to be 2 years 
for meters and IT, else 10 years; WACC = weighted 
average cost of capital; PPV = present purchase value. 
 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑏𝐶𝑏𝑏 =
𝐷𝑏𝐶𝐷𝑏𝐷𝐶𝐶𝐶𝐶𝐷𝐷 + 𝑅𝑏𝐶𝑅𝐷𝐷 (+/− 𝑞𝑅𝐶𝐶𝐶𝐶𝑞 𝐶𝑎𝑎𝑅𝑏𝐶𝑎𝑏𝐷𝐶)  (1) 

𝐷𝑏𝐶𝐷𝑏𝐷𝐶𝐶𝐶𝐶𝐷𝐷 =

1
𝐿𝐿
∗ 𝑃𝑃𝑃 𝐶𝑖 𝐶𝑎𝑏 ≤ 𝐿𝐿

1
𝑎𝑎𝑎

∗ 𝑃𝑃𝑃 𝐶𝑖 𝐿𝐿 < 𝐶𝑎𝑏 ≤ 𝐿𝐿 + 𝛼
0 𝐶𝑖 𝐶𝑎𝑏 > 𝐿𝐿 + 𝛼

 (2) 

𝑅𝑏𝐶𝑅𝐷𝐷 =

𝐿𝐿+ 1−𝑎𝑎𝑎
𝐿𝐿

∗ 𝑊𝑊𝐶𝐶 ∗ 𝑃𝑃𝑃 𝐶𝑖 𝐶𝑎𝑏 ≤ 𝐿𝐿
1

𝑎𝑎𝑎
∗ 𝑊𝑊𝐶𝐶 ∗ 𝑃𝑃𝑃 𝐶𝑖 𝐿𝐿 < 𝐶𝑎𝑏 ≤ 𝐿𝐿 + 𝛼

0 𝐶𝑖 𝐶𝑎𝑏 > 𝐿𝐿 + 𝛼

 (3) 

 
Quality adjustment is based on SAIDI and SAIFI 
regarding 0.05-12 hour outages, outages>12 hours give 
instead individual customer compensation, see [3]. 

 
Figure 2 The capital cost calculation as a function of age, 
regulatory period 2016-2019, WACC=6%. 

Figure 2 display how the capital cost decreases over time 
based on eq. (1)-(3), exemplified with 6 % WACC, 40 
year depreciation, α =10 years and without any transition 
rule. For components with 40 years depreciation time no 
capital cost is allowed beyond 50 years. For components 
with 10 year depreciation the limit is 12 years. 

Transition rule  
A transitional rule is implemented: at the end of 2015 no 
components are considered to be older than 38 years. 
Consequently utilities do not need to determine the age of 
components older than that. Over time (2028) the 
transitional rule will lose its effect for all components.  

Table II covers equipment with a depreciation of 40 years 
and displays the factor to multiply the PPV with to obtain 
tariff cap contribution for the period 2016-2019 of that 
age group. Table III displays the corresponding factors 
for a depreciation time of 10 years. Figure 3 illustrates 
the information in Table II (with the unit %), i.e. the sum 
of the capital cost regarding all four years for the 
regulatory period 2016-2019 as a function of building 
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year. As can be seen the transition rule will have a 
significant impact if the power system has a lot of old 
components. Note that Figure 3 has the unit % of PPV 
during four years, while Figure 2 has the unit % of PPV 
during one single year and that the latter is independent 
of starting year and valid for investment that are not 
affected by the transition rule. 

Table II factors to multiply the PPV with to obtain tariff cap 
contribution when the life time is 40 years 

Install. WACC  Last 
year 6.50 % 6.00 % 5.20 % Year* 

2016 0.350 0.331 0.300 2066 
2015 0.344 0.325 0.295 2065 
⋮ ⋮ ⋮ ⋮  

2010 0.311 0.295 0.269 2060 
⋮ ⋮ ⋮ ⋮  
⋮ ⋮ ⋮ ⋮  

2000 0.246 0.235 0.217 2050 
⋮ ⋮ ⋮ ⋮  

1990 0.181 0.175 0.165 2040 
⋮ ⋮ ⋮ ⋮  

1980 0.116 0.115 0.113 2030 
1979 0.111 0.110 0.108 2029 
1978 0.106 0.106 0.105 2028 

<1978 0.106 0.106 0.105 2028 
* Last year with input to the tariff cap; 10 year after its economic 
lifetime, but never before 2028. 

Table III factors to multiply the PPV with to obtain tariff 
cap contribution when the life time is 10 years 

Install. WACC  Last 
year 6.50 % 6.00 % 5.20 % Year* 

2016 0.621 0.604 0.577 2027 
2015 0.595 0.580 0.556 2026 
2014 0.569 0.556 0.535 2025 
2013 0.543 0.532 0.514 2024 
2012 0.517 0.508 0.494 2023 
2011 0.491 0.484 0.473 2022 
2010 0.465 0.460 0.452 2021 
2009 0.436 0.432 0.427 2020 
2008 0.405 0.403 0.399 2019 
2007 0.292 0.291 0.289 2018 
2006 0.186 0.185 0.183 2017 
2005 0.089 0.088 0.088 2016 
2004 0.000 0.000 0.000 - 

* Last year with input to the tariff cap.. 

 
Figure 3 Capital costs as a function of investment year 

For example; if the sum of all PPV in 2000 is 10 million 
SEK, then the capital cost (life time 40 years and 6 % 

WACC) regarding all years 2016-2019 is calculated by 
taking factor of 0.235 from Table II times 10 million  
2.35 million SEK. The table contains the contribution for 
each year within the period and shows how the 
contribution decreases each year even within a period. 
Years prior to 2011, the commissioning year is assumed 
to be the installation year+1, from 2011 the commis-
sioning is set to the first half year after installation. 

STUDIED SYSTEM AND INPUT FROM EI 

Power distribution system of Karlstad 
This case study covers Karlstads El- och Stadsnät, a 
Swedish DSO. It is mainly an urban area with 34 000 
customers and almost no overhead lines. PPV of this 
power distribution system is summarized in Table IV.  

Table IV Current capital base 
Category Lifetime Capital base 2014  

Cables 40 years 741 MSEK (54 %)  
Stations. 40 years 544 MSEK (40 %) 

Meters and IT 10 years  86 MSEK (6 %)  
Total: 1 371 MSEK (100 % ) 

Current reinvestment strategy 
The following list show what information Karlstads El- 
och Stadsnät use when they prioritize between different 
reinvestments:  
1. Safety. 
2. System parts identified by the annual risk and 

vulnerability analysis. 
3. Early reinvestment due to cooperative digging with 

district heating, fiber, water and waste water. Also 
own work close to aged equipment is included.  

4. Modernization with added compatibility or functions. 
5. Lack of spare parts. 
6. Reliability based risk analysis. 
7. Known deficiencies with strong influence on system 

indices SAIFI and SAIDI. 
8. Age and construction, with a focus on areas built 

early 70’s and before. 
The list is sorted roughly by order of importance. 
Currently age is last in the list, but with changes in the 
regulation that will be more important.  

Input from Ei and ongoing legal processes 
In the beginning of 2016 the tariff cap for the regulatory 
period 2012-2015 will be changed with respect to WACC 
and index (for calculating value of previous investments), 
as well as a decision if gap between tariffs and tariff caps 
are allowed to be brought into next period. There is an 
ongoing conflict regarding the calculation of WACC, it is 
not clear what will be the final result for the period 2016-
2019: 5.2 % or possibly 6 %. For Karlstads El- och 
Stadsnät this can result in a difference of 155 MSEK for 
the period, while the decision on if gap between tariffs 
and tariff caps are allowed can result in a difference of 
130 MSEK.  
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At the deadline of submission of network data, 31st of 
March 2015, the WACC will be unknown. The PPV of 
components is likely established. It is unclear if index for 
calculation of historical operational costs and PPV will be 
known by then. 

EVALUATION OF REGULATORY IMPACT 
In this chapter, results from analyses of upcoming 
changes in the way of calculating capital costs are 
presented. The chapter outline is divided as follows: 

• Analysis* on comparing outcome between the 
old and the new way of calculating capital costs. 

• Analysis* of age aspects. 
• Analysis by using a realistic reinvestment 

example. 
• Discussion on uncertainties. 
• Summary of proposed updated reinvestment 

work based on the content of this paper. 
*Includes investigation of using different WACC. 

Comparative analysis between present and 
coming calculation method of capital cost  
Table V shows how WACC and change of regulatory 
model affects the capital costs and consequently the 
entire tariff cap. 

Table V Cases analyzed regarding WACC and method.  
Case WACC Method* Capital costs Total tariff cap 

1 5.2 % Annuity 353 MSEK 678 MSEK 
2 5.2 % Linear 211 MSEK 536 MSEK 
3 6.0 % Annuity 388 MSEK 713 MSEK 
4 6.0 % Linear 220 MSEK 545 MSEK 
5 6.5 % Annuity 411 MSEK 736 MSEK 
6 6.5 % Linear 225 MSEK 550 MSEK 

*Real annuity method such as in regulatory period 2012-2015 or real 
linear method such as in upcoming regulatory period 2016-2019 
 
The results show that WACC significantly affects the 
results and that the new way of calculating capital cost 
gives significant lower tariff cap regarding all cases.  

Analysis of age impact  

 
Figure 4 Age composition of the lifetime  

The age structure is crucial for the calculation of the 
capital costs and is the major difference between the two 

methods. For Karlstad a histogram is presented in Figure 
4, depicting the age structure. The average age for 
components with a depreciation time of 40 years is 34 
years and for components with a deprecation time of 10 
years the average is 7.8 years. 

 
Figure 5 Capital cost at different WACC and average age 

Figure 5 compare the total capital costs as a function of 
average age. The change in capital cost per each year is 
4.7 MSEK (WACC 5.2 %), 5.4 MSEK (WACC 6.0 %) 
and 5.9 MSEK (WACC 6.5 %). The slope gives a strong 
incentive to reinvest. Regardless of the regulation, 
reinvestments have to be carried out continuously to 
avoid building up a need difficult to handle later. 

Reinvestment example 
An example of how an investment affects the outcome of 
the new regulation. Redundancy is introduced to a radial 
system part by investing in an alternative supply. Table 
VI shows the system part that today is fed radially, but 
after a reinvestment will have an alternative supply for 
increased reliability. The reinvestment will increase PPV 
to 2 529+1 221 kSEK and decrease the average age from 
25.0 to 16.5 years. If WACC is 6 %, the tariff cap 
increases with 404 kSEK for the next regulatory period 
(see Table II, WACC 6%, year 2016).  

Table VI System part before the reinvestment 
Facility Specification/unit Age PPV [SEK] 

1 substation 800 kVA, 12/0.4 kV 53 190 609 
1 transformer 800 kVA, 12/0.4 kV 31 124 433 
1.63 km u.cable PEX 3*240mm2, 12 kV 23 568 723 
6 substations 315 kVA, 12/0.4 kV 23 686 628 
2 transformers 315 kVA, 12/0.4 kV 23 130 206 
2.06 km u.cable PEX 3*150mm2, 12 kV 23 644 222 
3 transformers 100 kVA, 12/0.4 kV 26 35 503 

Average age = 25 years,  
sum of present purchase value (PPV) =2 528 560 

 
The benefits of the investment are many. It increases the 
tariff cap, lower the average age and also provides better 
customer reliability. The latter reduces the risks of lower 
tariff cap due to quality adjustment (see equation 1) and 
mandatory customer compensation, see [2]. Note, this 
example respond both to new incentives followed by the 
regulation and to risk reducing incentives. These must 
sometimes be handled separately, but it is of course 



 23rd International Conference on Electricity Distribution Lyon, 15-18 June 2015 
 

Paper 1163 
 

 

CIRED 2015  5/5 

positive to find synergies such as in this example; often 
age reducing investments correlates positively with 
increased reliability even if that is a complex relation.  

Uncertainties  
Sensitivity analyzes of how the choice of WACC affect 
the tariff outcome, see Table II, Table III and Table V. 
Besides that there are some more uncertainty connected 
to determination of installation year, PPV and the exact 
size of other related costs. In chapter ”Studied system and 
input from Ei”, section ”Input from Ei and ongoing legal 
processes” following uncertainties followed by ongoing 
legal processes are discussed: 

• Whether the gap between tariffs and tariff caps 
are allowed to be brought into next period. 

• WACC. 

Summary of updated reinvestment work  
Important factors that affect the reinvestment work: 
• How the capital base is calculated. Now, when the 

age structure is considered in the calculations, faster 
reinvestment rate is motivated as showed in this 
paper.  

• Reliability aspects. Quality adjustment, repair costs 
and the risk of long outages subject to other 
legalizations (see [2]) can all give incentives to the 
reinvestment strategy. 

• Avoid compressing too many investments during a 
limited period; it leads to difficulties with execution 
and financing.  

Reinvesment strategies: 
Basing on the current list (see chapter: “Studied system 
and input from Ei”), but with increased focus on age. 
Since this is an urban power system, the major part 
already has redundancy, but this is a strong incentive 
where this is missing.  

CLOSURE 

Conclusions 
The method of calculating capital costs within the 
Swedish tariff regulation will be changed to a real linear 
depreciation method. The main focus of this paper is to 
investigate how this change will impact investment 
strategies and incentives. A consequence is that each 
DSO has to provide detailed information regarding the 
age structure of their power system.  
 
Both general analyses and specific examples with 
authentic examples are provided. Another contribution is 
to summarize history and current situation of incentives 
affecting Swedish DSOs. Analysis results presented show 
that the outcome from the regulation is sensitive towards 
relatively small changes in WACC and age structure. The 
tariff cap allowed will, however, be significantly reduced 
for all tested scenarios. Present investment strategies of a 
DSO is exemplified and results from this paper indicate 

incentives to implement a faster reinvestment rate with 
the coming regulatory period compared to the present, 
which gave incentives to maintain old power system 
parts.  

Discussion 
A reinvestment rate of in average ~2.5% and ~10% 
respectively could be rough guidelines to meet the new 
incentives, but that could differ depending on the actual 
age structure of the DSO. An additional challenge for the 
power system exemplified in the paper is the large 
amount of city cable; 2.5 % of 1 200 km gives a 
minimum of 24 km/year in average. The new regulation 
implicitly puts focus on replacement of underground 
cables. A difficulty is that such work needs extensive 
coordination with other urban excavation work.  
 
The old incentives favored a preserving investment 
strategy that could have positive environmental effects. A 
possible benefit with the opposite incentives from the 
new rules can be motivation to have a modern system that 
can facilitate implementation of Smart Grid solutions. 
The new situation gives mandatory extra work for DSOs, 
but this can however also have positive side effects. For 
example, by knowing the age structure in detail, more 
accurate reinvestment plans can be developed. The 
outcome of ongoing legal processes will have a 
significant impact on the DSOs, both on if the gap 
between tariffs and tariff caps are allowed to be brought 
into next period and on the WACC.  
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