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Iceland has 100% renewable electricity and heat system due to its abundant hydro- and geothermal resources. 

Despite the clear dominance of geothermal resources for house heating, hydropower plays an important role in 

Iceland’s energy mix, enabling Iceland’s electricity generation to be 100% renewable with 73% coming from 

hydro; 27% from geothermal and less than 0.01% from wind. The biggest hydroelectric power stations in Iceland 

are fed by glacial rivers. Over the last decades, increased flows and changes in the seasonal distribution of river 

flows have been observed. Further increases in flows are expected from melting glaciers due to global warming. 

Hydropower stands to gain from increased water flow due to climate change induced glacier melt, but reservoir 

management will have to be adjusted to account for this increased flow. Landsvirkjun, the national power 

company of Iceland, has included adaptation to climate change both in terms of management, but also in 

designing, updating and expanding its assets accordingly.

Case Study Description

Challenges: 
Rising global temperatures caused by climate change are expected to cause increased glacier melt in Iceland, 

thereby increasing water flow at hydropower plants. Almost all Icelandic glaciers have been losing mass since 

the early 1990s; this trend is expected to continue with the warming climate. It has been projected that almost no 

Icelandic glaciers will be left in 2200. The flow in glacial rivers will increase concurrently with glacial melting. The 

runoff is expected to peak in the next 50 years, after which the runoff from glacial melt is expected to decline up 

to the level of zero in 2200.

For the year 2015 increase in inflow scenarios using 2015 climate is about 10% higher than had been predicted 

through historical climate records. The inflow scenarios represent historical inflows since the 1950s up to today 

that have been projected to (a) certain year(s) into the future using both estimated historical trends in 

temperature and precipitation and projected future trends due to climate change. To date the existing power 

system has been mostly able to utilize this increase in flow without investment. The inflow volume is projected to 

increase by an additional 15% by 2050, compared to 2015. The existing power system can only utilise 30% of 

that increase. Without modifications to existing hydropower plants, the rest of the increased flow is expected to 

be spilled over the spillways. To fully utilise the increased flow rates, both the installed turbine capacity and 

reservoir storage at existing hydropower plants will need to be increased.

Objectives: 
The warming of the atmosphere under climate change causes accelerated glacier melting, which results in 

increased water flow at hydropower stations. The first objective of Landsvirkjun (the National Power Company) is 

to improve projections of water flow under climate change. Better projections facilitate adaptation measures that 

minimize unnecessary water spills through the spillways. These measures includes modification of reservoir-

management plans, installation of additional infrastructure, and/or the re-design of existing infrastructure to 

manage increased runoff. A co-benefit is increased flood protection, as the reservoirs can function as extra 

buffer capacity in the case of extreme flooding.

Solutions: 

https://adaptecca.es
https://adaptecca.es
https://adaptecca.es
https://adaptecca.es/en
https://adaptecca.es/en
https://adaptecca.es/en
https://adaptecca.es/en/hydropower-expansion-and-improved-management-response-increased-glacier-melt-iceland
https://adaptecca.es/en/hydropower-expansion-and-improved-management-response-increased-glacier-melt-iceland
https://adaptecca.es/en/hydropower-expansion-and-improved-management-response-increased-glacier-melt-iceland
https://adaptecca.es/en/hydropower-expansion-and-improved-management-response-increased-glacier-melt-iceland
https://adaptecca.es/sites/default/files/energy-cs2_hydropower-expansion-in-iceland_figure-1.png
https://adaptecca.es/sites/default/files/energy-cs2_hydropower-expansion-in-iceland_figure-1.png
https://adaptecca.es/sites/default/files/energy-cs2_hydropower-expansion-in-iceland_figure-1.png


In collaborative research with other Nordic governments and research agencies as part of the group Norden, 

Landsvirkjun uses hydrological modelling to project future water flow, taking climate change impacts into 

consideration. Projections on future river flow were improved through use of observed temperature and 

precipitation data, and glacier area-volume-elevation curves were adjusted according to trends from climate 

model simulations. This information was then fed into a hydrological model to produce corrected flows that 

account for climate change. Landsvirkjun incorporated corrected flows into its reservoir management strategies. 

The organisation updates the flow series, and following that its reservoir management, every five years to reflect 

changing climate conditions. For new design and the refurbishing of older plants, Landsvirkjun uses as a design 

specification that considers future flows within 15 years and beyond.

The corrected flow series of Landsvirkjun use data from IPPC as well as specific results for Iceland, such as the 

expected seasonal distribution of changes in temperature and precipitation. The flow series is further calibrated 

annually based on monitoring results. These findings are used for adjusting reservoir management and for 

assessing possible redesigns and upgrades of current power stations as well as proposals for future projects. In 

essence, the management and design of existing and planned assets is adjusted to take advantage of increased 

glacier flows, based on improved data on current and future flows. These measures result in an increased 

production of renewable energy in Iceland, because of reduced losses of water resources through spillways.

The Búrfell Hydropower Plant provides an example where improved water flow data made an expansion 

economically feasible: the power plant capacity was increased from 70MW to 100MW. Landsvirkjun decided to 

build a new hydropower plant, which extends the original power plant and reduces its load. The new Búrfell 

extension was built underground for economical and sustainability reasons; it is operational since June 2018. 

The Búðarháls Hydropower Plant is a new project commissioned in 2014. The capacity of that plant was 

increased from the originally planned 80 MW to 95 MW in response to climate change. The Hvammur 

Hydropower Project is a future project, where capacity has also been increased based on the corrected flows, 

from 82 MW to 95 MW. The Hvammur project has been approved by the Icelandic Parliament under the “Master 

Plan for Nature Protection and Energy Utilization” (see the section on legal aspects), but a decision to start 

construction has not been taken.

Importance and relevance of the adaptation: 
IMPL_AS_CCA;

Additional Details

Stakeholder engagement: 
The company collaborated with Norden to identify and analyse the impacts of climate change on renewable 

energy systems. Norden is a regional collaborative initiative, involving governments and research agencies from 

Denmark, Finland, Iceland, Norway, Sweden, Faroe Islands, Greenland, and Åland. The programme is funded 

by the Nordic Council of Ministers

In this collaborative research, observed temperature and precipitation data, as well as glacier area-volume-

elevation curves, were adjusted according to climate model trends. Historical data on glacier melt and projected 

increase in runoff and the resulting volume of water were obtained. This exchange of knowledge and research 

among Scandinavian countries ensured a well-developed evidence base that is reviewed by a research 

consortium and as such disseminated in the wider community.

Public consultation has been included in the design of expansion of current hydropower sites through the 

environmental impact assessment procedure, as is guaranteed by Law. Acceptance has also been sought by 

applying the Hydropower Sustainability Assessment Protocol (HSAP) for the Hvammur Hydropower Project and 

for the operation of the Blanda Hydropower Plant. The latter received the Blue Planet Prize from IHA in 2017.

Success and limiting factors: 
Success factors:

Collaboration with other power companies, universities and institutions facilitated and boosted the 



credibility of adaptation efforts; this was mainly done through the Norden consortium.

The Executive Board of Landsvirkjun is involved in the adaptation process

A step-by-step approach to climate change adaptation: every five years, past trends and projections of 

precipitation and temperature are reviewed, while a yearly calibration of models is performed based on 

monitoring results, in order to adjust current management and investment taken by Landvirkjun.

Given the uncertainty in climate projections, Landsvirkjun maintains alternate plans that can be 

implemented should the selected scenario prove to be inaccurate. Such alternate plans include having 

curtailing agreements with major consumers, where a proportion of contracted annual energy sales can be 

curtailed, in addition to having plans ready for the construction of new renewable hydropower, geothermal 

and wind power projects.

Limiting factor:

The increased water flow is expected to be temporary. The ice-melting flows are projected to reach a 

plateau by 2030 and to stay constant afterwards up to 2080. By 2080, the volume of the glaciers will have 

decreased so much that the flows will start reducing. This long-term phenomenon has little effects on 

current decisions, which have a decision horizon of 50 years. Once flows have returned back to the levels 

of 1990’s, i.e. before the Icelandic glaciers started losing mass, the existing hydropower plants may have 

somewhat higher capacity than needed.

Budget, funding and additional benefits: 
Costs:

The cost of investing in research projects as part of a Scandinavian collaborative initiative (Norden) was 

moderate, about 1 million Euros.

The cost of modifying the reservoir management plans is moderate and is reflected as internal cost, such 

as adding 2-3 staff members.

The cost of modifying the design of planned assets (in most cases, the capacity of hydropower projects is 

increased) is high, in the order of tens of millions of Euros.

Main benefits:

The improved hydrological modelling has yielded valuable information for decision-making regarding 

future investment on hydropower plants.

The increased generating capacity of 10% to date responding to increased water flows due to current and 

project climate change is increasing annual revenues.

Increased reservoir capacity installations can ensure buffer capacity against extreme flooding, thereby leading to 

increased flood protection. The most extreme flood events in Iceland are glacial outburst floods due to volcanic 

eruptions. Glacier outburst floods are more common in Iceland than elsewhere in the world because of the 

interaction of volcanoes with glaciers.

Legal aspects: 
The “Master Plan for Nature Protection and Energy Utilization [3]” is a tool to reconcile the competing interests of 

nature conservation and energy production on a national scale and at the earliest planning stages. However, the 

climate adaptation aspect is not considered in these planning stages, and it is also not included as part of the 

environmental impact assessment procedure. Important aspect to consider is in Iceland hydropower is delivering 

73% of its share of renewable energy and as such is an important contribution to Iceland’s energy mix.

Implementation time: 
It took four years (2006 to 2010) for the Landsvirkjun company to use corrected flow series in the decision-

making on reservoir management and investment decisions on future assets. The installation of extra capacity in 

the Búrfell power station took just over two years from the start of construction (2016).

Reference Information

http://www.ramma.is/english
http://www.ramma.is/english
http://www.ramma.is/english
http://www.ramma.is/english


Contact: 
Óli Grétar Blöndal Sveinsson,

Landsvirkjun

Executive VP of Research and Development

E-mail: Oli.Gretar.Sveinsson@landsvirkjun.is [4] 

Úlfar Linnet, 

Landsvirkjun

Manager of Resources Department

E-mail: Ulfar.Linnet@landsvirkjun.is [5] 

Halldór Björnsson

Icelandic Met Office

Head of Atmospheric research group

E-mail: halldor@vedur.is [6] 

Websites: 
https://www.landsvirkjun.com/company/powerstations [7]

Sources: 
Landsvirkjun and Iceland Met Office
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