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DISCLAIMERS AND RIGHTS

NOTHING IN THIS WEBINAR IS OR SHALL BE RELIED UPON AS A PROMISE OR REPRESENTATION OF FUTURE EVENTS OR 
RESULTS. AFRY HAS PREPARED THIS WEBINAR BASED ON INFORMATION AVAILABLE TO IT AT THE TIME OF ITS PREPARATION 
AND HAS NO DUTY TO UPDATE THIS WEBINAR.

AFRY makes no representation or warranty, expressed or implied, as to the accuracy or completeness of the information provided 
in this webinar or any other representation or warranty whatsoever concerning this webinar. This webinar is partly based on 
information that is not within AFRY’s control. Statements in this webinar involving estimates are subject to change and actual 
amounts may differ materially from those described in this webinar depending on a variety of factors. AFRY hereby expressly 
disclaims any and all liability based, in whole or in part, on any inaccurate or incomplete information given to AFRY or arising out 
of the negligence, errors or omissions of AFRY or any of its officers, directors, employees or agents. Recipients' use of this 
webinar and any of the estimates contained herein shall be at Recipients' sole risk. 

AFRY expressly disclaims any and all liability arising out of or relating to the use of this webinar except to the extent that a court 
of competent jurisdiction shall have determined by final judgment (not subject to further appeal) that any such liability is the
result of the wilful misconduct or gross negligence of AFRY. AFRY also hereby disclaims any and all liability for special, economic, 
incidental, punitive, indirect, or consequential damages. Under no circumstances shall AFRY have any liability relating to 
the use of this webinar.

All information contained in this webinar is confidential and intended for the exclusive use of the Recipient. The Recipient may
transmit the information contained in this webinar to its directors, officers, employees or professional advisors provided that such 
individuals are informed by the Recipient of the confidential nature of this webinar. All other use is strictly prohibited.

All rights (including copyrights) are reserved to AFRY. No part of this webinar may be reproduced in any form or by any means
without prior permission in writing from AFRY. Any such permitted use or reproduction is expressly conditioned on the continued 
applicability of each of the terms and limitations contained in this disclaimer.
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ABOUT THE PROJECT

AFRY has investigated the potential of existing hydropower in terms of 
increased capacity and balancing
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The project was 
carried out through a 

literature review, 
interviews with 
experts and a 

quantitative analysis

The project has been 
conducted on behalf of the 

Swedish Association of 
Engineers during the summer 

of 2024, with delivery in 
October

AFRY has investigated the 
potential in existing 

hydropower in terms of 
increased capacity and 
balancing contribution



BACKGROUND TO THE PROJECT

Despite its important role for the future energy system, limited focus has 
been placed on potential for increased hydropower capacity and balancing
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− Sweden’s electricity demand 
expected to double by 2045

− The share of intermittent 
power, mainly wind, 
expected to increase

− Hydropower has a key role 
for baseload generation and 
balancing, now and in the 
future

− Hydropower is largely 
considered to be built-out –
limited potential for new 
plants

− Swedish hydropower 
undergoing re-assessment of 
permits, creating uncertainty 
for owners

− Limited focus placed on the 
potential in existing 
hydropower plants

Situation Complication

What is the potential for 
increased capacity and 
balancing from 
Sweden’s hydropower?

Key question



SUMMARISED CONCLUSIONS

Increased hydropower capacity is an important contribution to the electricity 
system, but challenges exist to realise this potential
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Main challenges for the 
expansion are hydropower 

permit re-assessment, 
permits for changed 

water flows and 
profitability for 

hydropower owners

There is potential to increase 
the capacity of existing 

hydropower by ~4 000 MW 
(~24%)

An increase in hydropower 
capacity can enable an 

increase of ~800-1 200 MW 
in wind power (0.2-0.3 MW 

per MW additional hydro 
capacity)



Hydropower accounts for ~40% of 
electricity generation in Sweden

CURRENT SITUATION

− Generation (2023): 66 TWh

− Installed capacity (2023): 16.4 GW 

− Number of plants: ~2 000

− Large-scale hydropower plants with capacity 
equal to or above 10 MW account for 94% of 
hydropower installed capacity

Source: Swedish Energy Agency, Energiföretagen

Share of electricity 
generation:

40%

29%

21%

8%
2% Hydropower

Nuclear power
Wind power
Thermal power
Solar power
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Hydropower capacity has remained 
constant - renewables have grown 
substantially

CURRENT SITUATION

− Total installed capacity in Sweden has 
increased by 14.5 GW between 2010 and 
2023 

− Wind- and solar power have increased, while 
hydropower has remained largely unchanged

− An electricity system with an increasing 
share of intermittent generation has a 
growing need for balancing

− It is therefore relevant to investigate 
opportunities for increased capacity in 
hydropower as it can contribute to balancing

Source: Swedish Energy Agency, Energiföretagen
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Hydropower has an important role 
to play in the future energy system

HYDROPOWER IN FORECASTS

− Electricity generation in Sweden in several 
projections is required to double to meet 
electricity demand by 2045 in several 
projections and the governments planning 
target 

− Hydropower remains a key component of the 
future energy system through its balancing 
capability as intermittent electricity 
generation is expected to increase

− In e.g., Svenska kraftnät’s (TSO) scenarios 
in the Long-term Market Analysis 2024, the 
importance of hydropower for balancing is 
highlighted

Renewable Balancing

Planning target of 
doubling the 

electricity system 
by 2045

135 TWh

Today 2045

300 TWh

Key characteristics of hydropower for the 
electricity system of the future:
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THE RESULTS OF THE STUDY

The four main parts of the study
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THE RESULTS OF THE STUDY

The four main parts of the study
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‒Quantitative result in terms of 
potential capacity increase in 
MW from hydropower CAPACITY 

POTENTIAL
CAPACITY 
POTENTIAL OVER 
TIME

POTENTIAL FOR 
WIND POWER

COST RANGE



CAPACITY POTENTIAL

The analysis showed three main measures that can be taken to increase the 
capacity of existing hydropower plants

2025-01-30 | COPYRIGHT AFRY MANAGEMENT CONSULTING AB | POTENTIAL FOR INCREASED CAPACITY AND BALANCING FROM SWEDEN'S HYDROPOWER12

Full or partial 
upgrade of turbine

− Replacement of all or 
part of the turbine to 
increase the flow rate 
and/or efficiency and 
thus increase in 
capacity

Upgrade of power unit

− Replacement of an 
entire power unit, 
including turbine, 
generator and ancillary 
equipment, to increase 
the flow rate and/or 
efficiency and thus 
increased capacity

Installation of 
additional power units

− Installation of additional 
power units, where the 
power station is 
prepared for additional 
units, for increased 
absorption capacity and 
thereby a capacity 
increase



Studied measures could add ~4 000 
MW more capacity from hydropower

CAPACITY POTENTIAL

− Measures studied include:

− upgrade of turbine 

− upgrade of power units

− Installation of additional power units

− The identified potential of ~4 000 MW 
represents ~24% of current installed 
capacity

− The capacity increase has been estimated 
through the potential to remove bottlenecks 
in Sweden's largest rivers and renovate large 
and small-scale plants with investment needs 
related to age and investment cycles
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MW

Total 
hydropower

20 420

4 000

16 420

Potential
Current state



Studied measures could add ~4 000 
MW more capacity from hydropower

CAPACITY POTENTIAL

1) Average house in Sweden with 20 000 kWh annual consumption and 11 kW maximum 
capacity, 2) Average nuclear reactor in Sweden of 1 165 MW 

MW

Total 
hydropower

20 420

4 000

16 420

Potential
Current state

4 000 MW is 
equivalent in 
capacity to: 

- ~370,000 
households1

- ~3.5 nuclear 
reactors2

− Measures studied include:

− upgrade of turbine 

− upgrade of power units

− Installation of additional power units

− The identified potential of ~4,000 MW 
represents ~24% of current installed 
capacity

− The capacity increase has been estimated 
through the potential to remove bottlenecks 
in Sweden's largest rivers and renovate large 
and small-scale plants with investment needs 
related to age and investment cycles

14 2025-01-30 | COPYRIGHT AFRY MANAGEMENT CONSULTING AB | POTENTIAL FOR INCREASED CAPACITY AND BALANCING FROM SWEDEN'S HYDROPOWER



The largest share of the potential is 
linked to removing bottlenecks in 
the large-scale hydropower plants

CAPACITY POTENTIAL

− Of the total potential for capacity increase, 
~98% is in the large-scale hydropower

− There are two main reasons for this:

− The potential to remove bottlenecks 
includes large-scale hydropower

− Larger existing capacity means that 
percentage improvements result in greater 
impact

MW
38

Total
large-scale 
hydropower

3 984

3 946

Renovation
Removing
bottlenecks

Total potential Potential for large-
scale hydropower
Renovation compared to 
removing bottlenecks

MW

76

Total 
hydropower

4 059

3 983

Small-scale
hydropower
Large-scale
hydropower
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CAPACITY POTENTIAL

The greatest potential for capacity increase has been identified in northern 
Sweden
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Large-scale 
hydropower 

Small-scale 
hydropower 

40

SE4

Potential

360

SE3

SE2

2 410
SE1

1 250

− The greatest potential for capacity 
increase is estimated to be in 
northern Sweden

− This relates to the fact that of the 
current hydropower capacity, 82% is 
in the northern-most bid zones SE1 
and SE2



RESULTS OF THE STUDY

The four main parts of the study
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‒ The potential over time to 
realise capacity increases 
has been analysed based on 
factors affecting the 
timelines for implementationCAPACITY 

POTENTIAL
CAPACITY 
POTENTIAL OVER 
TIME

POTENTIAL FOR 
WIND POWER

COST RANGE



~1 300 MW can be realised by 
2035, and ~3 200 MW by 2045

CAPACITY POTENTIAL OVER TIME

− The potential for capacity increases for 
different time periods is estimated to:
− 2035: 1 360 MW
− 2045: 3 215 MW

− Based on:
− Estimation of timelines for completing 

different types of measures
− Realisation of measures in conjunction with 

the re-assessment of environmental 
permits for hydropower related to the EU 
Water Framework Directive

− Annual investment requirements
216 414

18

MW

337
2025

12

2028 2030

33

1 326

2035

49

2 239

2040

64

3 151

2045

76

3 983

2050

40
228 432

1 360

2 287

3 215

4 059Small-scale hydropower
Large-scale hydropower
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~1 300 MW can be realized by 
2035, and ~3 200 MW by 2045

CAPACITY POTENTIAL OVER TIME

1) Average house in Sweden with 20 000 kWh annual consumption and 11 kW maximum 
capacity, 2) Average nuclear reactor in Sweden of 1 165 MW 

216 414
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2045

76

3 983

2050

40
228 432

1 360

2 287

3 215

4 059Small-scale hydropower
Large-scale hydropower

4 059 MW is equivalent 
in capacity to: 

- ~370 000 households1

- ~3.5 nuclear power
reactors2

1 360 MW is equivalent 
in capacity to: : 

- ~124 000 households1 

- ~1 nuclear power
reactor2

− The potential for capacity increases for 
different time periods is estimated to:
− 2035: 1 360 MW
− 2045: 3 215 MW

− Based on:
− Estimation of timelines for completing 

different types of measures
− Realisation of measures in conjunction with 

the re-assessment of environmental 
permits for hydropower related to the EU 
Water Framework Directive

− Annual investment needs
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RESULTS OF THE STUDY

The four main parts of the study
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‒ The cost of increasing 
capacity has been analysed
based on project data and 
studies

CAPACITY 
POTENTIAL

CAPACITY 
POTENTIAL OVER 
TIME

POTENTIAL FOR 
WIND POWER

COST RANGE



Estimated cost of increasing 
capacity is ~1.3-3.2 million EUR/MW

COST RANGE

− Development costs for hydropower projects 
are highly site-specific, hence a wide cost 
range

− The project data studied shows that the cost 
range for increasing capacity by upgrading or 
adding additional power units is 
~1.3-3.2 million EUR/MW 

− This has been used as an indicative range for 
the three main measures of the analysis

6.8Modernise plant

3.0Upgrade of power unit

2.4
Upgrade of power unit + 

additional power unit

1.3Added additional power unit

10.2

3.2

2.6

1.5

Cost range
MEUR/MW

Main measures 
studied
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Total cost range is ~5.3-13.1 billion 
EUR 

COST RANGE

− With this assumed cost range, the total cost 
of realising the capacity potential is
− 2035: ~1.8-4.4 bn EUR (1 360 MW)
− 2050: ~5.3-13.1 bn EUR (4 060 MW)

bnSEK

2025 2028 2030

1.8

2035

3.0

2040

4.2

2045

5.3

2050

0.1
0.7

1.4

4.4

7.4

10.4

13.1Total cost - range (bnEUR)
Total cost (bnEUR)
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RESULTS OF THE STUDY

The four main parts of the study
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‒Using power market 
modelling, AFRY has analysed 
what the capacity increase in 
hydropower can mean for 
increasing capacity in wind 
power  

CAPACITY 
POTENTIAL

CAPACITY 
POTENTIAL OVER 
TIME

POTENTIAL FOR 
WIND POWER

COST RANGE



Increased hydropower capacity can 
contribute to increased wind power 
capacity 

POTENTIAL FOR WIND POWER

− Modelling in the BID3 electricity market 
model shows that onshore wind power 
capacity can increase by ~20-30% of the 
increased hydropower capacity while 
maintaining economic efficiency

− Thus, each increased MW of hydropower can 
provide ~0.2-0.3 MW onshore wind

− With AFRY's identified potential for increased 
capacity in hydropower, the total added 
potential for onshore wind power is 
~800-1 200 MW by 2050

460

800

MW

230

2040

400

2050

2 287

4 059

Range in outcome
Onshore windpower
Hydropower
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IDENTIFIED CHALLENGES

Three main challenges have been identified for the realisation of hydropower 
potential during the work process
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National plan for the re-
assessment of hydropower 
permits

− The ambiguity concerning the 
implementation of the initial 
benchmarks for acceptable 
production loss has created 
great uncertainty

− Currently paused until July 1, 
2025, public consultation of 
legislation proposal recently 
completed

Permit for water flows

− Impacts on water flows, 
water levels and 
regulation of these usually 
require changes to 
permits 

Profitability

− Profitability of 
investments is a 
prerequisite for owners 
– an identified 
challenge given high 
costs and uncertain 
external factors



SUMMARISED CONCLUSIONS

Increased hydropower capacity is an important contribution to the electricity 
system, but challenges exist to realise this potential
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Main challenges for the 
expansion are hydropower 

permit re-assessment, 
permits for changed 

water flows and 
profitability for 

hydropower owners

There is potential to increase 
the capacity of existing 

hydropower by ~4 000 MW 
(~24%)

An increase in hydropower 
capacity can enable an 

increase of ~800-1 200 MW 
in wind power (0.2-0.3 MW 

per MW additional hydro 
capacity)



Contact us

− Reach out to us for more information:
marcus.dingle@afry.com
sofia.bengtsson.ekstrom@afry.com

− More webinars will follow with relevant topics and 
insights
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