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Smart och Robust Elinfrastruktur för Framtiden

Energimyndighetens titel på projektet – engelska
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Förord

Projektet Smart och Robust Elinfrastruktur för Framtiden syftar till att identifiera och bemöta framtida

kapacitetsbehov i Stockholmsregionen som uppstår med ökad elektrifiering. Projektet började i De-

cember 2016. Energimyndigheten har finansierat projektet och Fortum, Svenska Kraftnät och Elbil2020

har samtfinansierat genom deras input, data och tid. Ellevio AB har också bidragit till ett lyckat projekt

genom att ger deras data av eldistributionsnätet.
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Sammanfattning

Det svenska elsystemet står inför ett antal utmaningar i framtiden. Elförsörjningen kommer att vara

100 % förnybar till 2040, vilket innebär en kraftig ökning av oplanenbart produktion från sol och vind.

Förbrukningen kommer att förändras avsevärt när elfordon ska integreras i systemet och uppvärmning

kan ske i form av elektriska värmepumpar. Dessa förändringar påverkar både det totala elbehovet över

tid men i större utsträckning behovet av effektkapacitet i överföringsnät och distributionsnät. Vi ser

redan akuta svårigheter i regionala och lokala elnät för att täcka ett ökat kraftbehov. Som konstaterats

av Svenska Krafnät kan denna identifierade brist på kraftkapacitet inte åtgärdas före 2030. Det aktuella

projektet har tagit upp dessa utmaningar i kraftinfrastrukturen i Stockholm med lokal nivå och integr-

erat perspetive genom att göra: a) Lokal belastningsanalys baserad på framtida scenarier för kort och

långvarig elanvändning som tar hänsyn till utveckling av elbilar och lokal integration av värmepumpar.

b) Kraftflödesanalys i distributionsnät för att identifiera kapacitetsbrister och dimension för de nya be-

lastningsscenarierna. c) Produktions- och lastkontrollanalys om hur de korta och långsiktiga lokala

och regionala kraftkapacitetsbehoven kan balanseras. Projektresultaten inkluderar lokal flaskhalsiden-

tifiering samt maximala nivåer av elfordon och värmepump. Dessutom konstaterades att strategier för

belastningshantering och sektorns koppling kan sänka nätverksinvesteringar fram till 2030.

Summary

The Swedish electricity system faces a number of challenges in the future. The electricity supply will

be 100 % renewable by 2040, which implies sharp increase of fluctuating production from solar and

wind. Consumption will change significantly when electric vehicles are to be integrated into the system

and heating can take place in the form of electric heat pumps. These changes affect both the total

electricity demand over time but to a greater extent power capacity needs in transmission networks and

distribution networks. We are already seeing acute difficulties in regional and local electricity networks

to cover an increased need for power. As stated by Svenska Krafnät, these identified shortage of power

capacity cannot be remedied before 2030. The present project has addressed these challenges in the

power infrastructure at Stockholm using a local level and integrated perspetive by doing: a) Local load

analysis based on future scenarios for short and long term electricity use that takes into account electric

vehicle loads development and local integration of heat pumps. b) Power flow analysis in distribution

networks to identify capacity deficiencies and dimension for the new load scenarios, c) Production and

load control analysis on how the short-term and long-term local and regional power capacity needs can

be balanced. The project results include local bottlenecks identification as well as maximum levels of

electric vehicle and heat pump. Additionally, it was found that load management strategies and sector

coupling strategies can post-pone network investments until 2030.
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1 Motivation/Background

The Swedish government and parliamentary parties in the summer of 2016 agreed on the pillars of en-

ergy policy in the future to realize climate goals through a goal of zero net greenhouse gas emissions

2045 and fossil-free power generation 2040. In order to achieve these goals, not only do electricity

generation and use change, but also transport needs to be climate neutral. This translates into a signif-

icantly increased share of electric vehicles in the transport fleet with 2TWh 2030 and 7TWh 2050. The

use of heat pumps for heating is also increasing in households with increasing conversion efficiency and

low electricity prices. However, deciding on a future robust electrical system based on production and

distribution capacity is not only about that total energy consumption, but also about coverage of power

demand. The need for power in the future is largely due to the proportion of electric cars and electric

heating that will be present in the system and when these will be used.

There are shortcomings in the electricity infrastructure already in the Stockholm region, where grid re-

strictions lead to restrictions on the expansion of electricity intensive infrastructure within the Stockholm

ring. However, it is not only power constraints in the grid which constitute potential barriers to increased

electricity use in the Stockholm region, but also limitations in low and inter-voltage networks that dis-

tribute the electricity from the grid to the customers. Current distribution stations and cables have not

been dimensioned for a significant power increase as electric car charging and heat pumps can mean.

In a study on the impact of increased penetration of electric cars and heat pumps in residential areas in

Gothenburg region [1], it was concluded that the maximum power output can increase more than 80%

electricity use should follow a price-optimal usage strategy. Loss optimization strategies for power outlets

car and heat occur during low load periods, on the other hand, only increase power consumption around

10% in the surveyed areas. Uncontrolled charging would still increase the maximum power output by

over 30% as many distribution stations and cables are not designed for today. This study stated that low

voltage networks need to be investigated as well and dimensioned for future load and that the electrical

heat connection needs further highlighted. The reliability of the results of the study above is of course

directly dependent on the scenarios for future use of electric vehicles and electricity for heating. The

longer the time horizon, the more difficult it is to predict the future cargo image. Today, we lack load

scenarios at regional and district level in the Stockholm region that directly address the use of electric

vehicles and electricity heat and that can be used as input for dimensioning analyzes in the distribution

networks.

This project builds on the studies from [1] to address current and future capacity needs in distribution

infrastructure in both the between and low voltage networks in the Stockholm region with consideration

to scenarios for future electricity and electricity demand. We also want to investigate how and to what

extent identified capacity shortages can be met with new local production capacity. The overall objective

of the project is to based on scenario analyzes for future electricity and heat demand identify capacity

shortages in regional power grids and power generation infrastructure. For those identified capacity

shortages should be found smart solutions that optimally combine load balancing methods, network

capacity expansion and local production capacity. Methodology shall apply to model district in Stockholm

region but should be generally applicable to other regions in and outside Sweden. The project was

carried out at the Department of Energy Technology, KTH from 2016 to 2020.
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2 Implementation

The project was subdivided in five work packages (WPs) and targetted six specific goals. The majority

of the work was carried out at the KTH - Energy Technology Department with input from the other project

partners. This section proceeds to describe the content and methods developed within each WP as well

as their correlation to the goals (G).

WP1 Electricity consumption scenario development for short and long term visibility in selected model

districts in Stockholm. The scenarios were based on national energy investigations and local trends of

future electricity and heating needs in the region, with a focus on electric vehicle use and heat pump

installation. The methodology carried out for this WP was a literature review and gathering of publicly

available data.

G1 Development of 3 future scenarios, with 5 and 25 years visibility, of electric vehicle use and heat

pump installation in 5 selected model districts.

WP2 Intermediate voltage power flow analysis in selected model districts in Stockholm. This was

done to identify power capacity shortages in the regional distribution network and analyze the effect of

load balancing measures. The methodology used in this WP consisted of electric power flow analysis.

G2 Analysis of load capacity in the intermediate voltage network of 5 model districts to identify power

capacity shortages based on 3 different load management alternatives.

WP3 Low voltage power flow analysis of a district to identify local capacity shortages and dimension

network upgrades (long and short term). The methodology used in this WP consisted of electric power

flow analysis.

G3 Analysis of load capacity in the low voltage network in one critical model district for two load

scenarios to identify capacity shortages in the distribution grid.

WP4 Analysis and optimization of new local local production capacity and load balancing methods

as well as balancing between network infrastructure and production capacity investments. The method-

ology used for this WP consisted of co-simulation of heating and electricy sectors as well as linear

optimization algorithms.

G4 Optimization of distribution infrastructure investments in low- and medium-voltage networks to-

gether with load control and balancing to identify solutions to the power capacity shortages,

G5 Aggregation of the overall demand picture at district and regional level for identification of energy

and power needs in the region,

G6 Identification of technoeconmic optimization of possible production capacity in the region to cover

the capacity shortages in the short (5 years) and long (2040) term with regards to both power and

heat demand development.

WP5 Final Reporting of the project as comprised within this report.
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stockholm munipilaity will increase due to electric vehicles by 16% in 2025 and by 38% in 2040 compared

to 2020. This extrapolation can be more accurate if exact data regarding the power demands of the base

loads in stockholm city would have been obtained.

G6: Possible production capacity in the region to cover the power shortages in the short term (5 years)

can involve sector coupling and local PV installations. Demand side management showed to have the

technical potential to unlock the integration of heat pumps. The impact of solutions like the control of the

thermal mass and of V2G, is reinforced when they are combined, thus linking heat and power sectors.

In the long run (2040), as the power shortage situation will be alleviated at transmission level, it will be

necessary to perform investments in the grid infrastructure to withstand the higher loads from electric

vehicles and heat pumps.

5 Publication List

The publications made related to this project during the reported period include: three journal publica-

tions, one conference publication, four MSc. student reports and four other technical reports. These

publications and reports are all referenced in the bibliography of this document. Below, the correspond-

ing citations are made along with a short mention of how these contributed to the project implementation.

Journal Articles

[4] corresponds to WP1-G1 with regards to the electric vehicle scenarios, to WP2-G2 with regards to

the intermediate voltage network analysis and to WP4-G4 with regards to load balancing strate-

gies.

[10] corresponds to WP1-G1 with regards to heat pump scenarios, to WP3-G3 with regards to low

voltage network analysis and to WP4-G4 with regards to heating and electricity synergies opti-

mization.

[11] corresponds to WP1-G1 with regards to heat pump and electric vehicle scenarios, to WP3-G3 with

regards to low voltage network analysis and to WP4-G4 with regards to heating and electricity

synergies optimization.

Conference Articles

[12] corresponds to WP1-G1 with regards to heat pump and electric vehicle scenarios and to WP2-G2

with regards to the intermediate voltage analysis.

Theses

[9] corresponds to WP1-G1 with regards to electric vechile scenarios and to WP3-G3 with regards to

low voltage network analysis.

[13] corresponds to WP1-G1 with regards to electric vechile scenarios and to WP3-G3 with regards to

low voltage network analysis.

[14] corresponds to WP2-G2 with regards to intermediate voltage network analysis and to WP4-G6

with regards to possible production capacity.

Other

[15] corresponds to WP1-G1 with regards to heat pump and electric vehicle scenarios and to WP2-G2

with regards to the intermediate voltage analysis.
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[16] corresponds to WP1-G1 with regards to electric vehicle scenarios and to WP4-G6 with regards to

optimization of possible production capacity.

[17] corresponds to WP1-G1 with regards to electric vehicle scenarios and to WP4-G5 with regards to

aggregation at regional level.
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study done for Hammarby Sjöstad,” MSc. Thesis, KTH Royal Institute of Technology, 2020.

[10] M. Arnaudo, M. Topel, and B. Laumert, “Techno-economic analysis of demand side flexibility to

enable the integration of distributed heat pumps within a swedish neighborhood,” Energy, vol. 195,

p. 117012, 2020.

[11] M. Arnaudo, M. Topel, and B. Laumert, “Vehicle-to-grid for peak shaving to unlock the integration

of distributed heat pumps in a swedish neighborhood,” Energies, vol. 13, no. 7, 2020.

[12] M. Topel, M. Arnaudo, J. Grundius, and B. Laumert, “Case study on the effects of incresing electric

vehicle and heating loads on a distribution network in stockholm,” in Proceedings of the International

Conferences of Electricity Distribution (CIRED 2020), Madrid, Spain, 3-6 June 2019, vol. 1556,

2019.

[13] Laura Pomares Bleda, “Analysis of load capacity in the low voltage network for different electricity
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