Hydropower in Arctic Regions –
future potential and challenges.

Knut Alfredsen, Ånund Killingtveit and Byman Hamududu
Department of hydraulic and environmental engineering
Norwegian University of Science and Technology

Objectives
 Background
 Hydropower

potential

Global outlook
 Local outlook


 Development

challenges

Technical and operational
 Social and environmental


Background




Need for increased amount of renewable energy to
meet emission targets.
Hydropower is the only renewable with feasible
storage, interesting:





As a renewable energy source in itself
For load balancing in a system with other renewables

Proven technology, economically competitive (Kumar

et al., 2011).

he intensity or frequency of mid-winter warming spells
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Hydropower is developed
in all arctic and arctic
rim areas.
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The strength of ice on hydropower impoundm
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Computation of potential
 Energy

production

P =η ⋅ Q ⋅ H
H – head
 P – production
 Q – inflow to turbine
 η - efficiency


 To

assess future changes
we need to find Q

Q

H

Resource assessment
 Simulation

of global hydropower potential

Q: based on GCM ensembles (Milly, et al. 2005)
 H: average for regions from global DEM
 Corrected for efficiency based on observed and
simulated production for the situation today
 Scenarios for:


• Changes

in current production given new runoff
• Changes in production potential given new runoff
 Simulation

of local system

Downscaled climate data as input to runoff modelling
 Hydropower production model set up for today.


Current production

values ranged from 20.32 to þ0.33, with a mean of 0.01; the 49
regression slopes ranged from 21.12 to þ1.25, with a mean of 0.05.
We assume that the 49 correlation values can be used to approximate
the distribution from which the value þ0.34 would have been drawn
under the null hypothesis of a stationary hydroclimate. Because none
of the 49 values are as large as þ0.34, we infer that the correlation
between the forced-model ensemble trends and the observed trends
is statistically significant. This inference relies on the assumption that
the models faithfully represent interbasin correlation of internal
variations of runoff in the models.
Figures 3 and 4 show twentieth-century and twenty-first-century
percentage changes in runoff estimated by the model ensemble, with
indications of the degree of agreement among models on the
direction of change. The model projections for the twenty-first
century are dependent on various assumptions, for example those
connected with future greenhouse-gas emissions, volcanic activity
and solar variability. Quantitative projections by the model ensemble
also are affected by large model errors in some basins (Fig. 1), but the
demonstrated retrospective skill suggests qualitative validity of the
projections. The ensemble-average change in runoff by the period
2041–60 shows a pattern generally consistent with that of twentiethcentury change, although amplified and with important qualitative

Runoff

Relative changes in runoff for the 2041-60 period based on a 12 GCM ensemble

Milly et al 2005.

Figure 4 | Relative change in runoff in the twenty-first century.
a, Ensemble (arithmetic) mean of relative change (percentage) in runoff for
the period 2041–60, computed as 100 times the difference between 2041–60
runoff in the SRESA1B experiments and 1900–70 runoff in the 20C3M
experiments, divided by 1900–70 runoff. b, Number of pairs of runs (out of
an available total of 24 pairs) showing a positive change minus the number
showing a negative change.
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Head and efficiency


Head




Head is estimated as the average
regional elevation – elevation at
region outlet.

Estimation of efficiency






http://eros.usgs.gov/#/Find_Data/Products_and_Data_Available/gtopo30/hydro

Production computed using the
average head and estimates of
todays runoff.
Compared to current production
data – efficiency estimated from
the difference
This efficiency is used for
computing future scenarios

Future scenario with new inflow

Hamududu and Killingtveit, 2010.

Future potential

Hamududu and Killingtveit, 2010.

Local studies


Regional studies shows increased winter runoff and
increases in hydropower potential (e.g. Kumar et al. 2011,
Lehner, 2005)



To fully understand potential, production and also
impacts from future developments – local scale
studies needed. An example:





Downscaled data for temperature and precipitation from two
different GCMs / emission scenarios used.
Inflow computed using a hydrological model calibrated using
historical data – stationary assumption for mountainous
catchment
Production model used to find production and reservoir
development

System setup

Chernet et al. (in review)

Scenarios for snow

Chernet et al. (in review)

Scenarios for future production

!
Chernet et al. (in review)

Technical challenges in the Arctic
 Building

areas.

hydropower infrastructure in arctic

 Operational

reservoirs

constraints from ice in rivers and

 Transmission

infrastructure

Winter and ice impacts


Reservoirs
Ice loads
 Dam safety




Intakes





Outlets




Clogging
Headloss

Break ups / increased ice
formation

Operational restrictions

Prowse et al. (in press), Gebre et al. (in prep)
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Scenarios for ice


Future climate defines winter and ice formation



For arctic areas, ice in can not be eliminated




Some problems will be reduced
More unstable winters can create new challenges
Shorter season of operational constraints
6–23

Chapter 6 · Changing Lake and River Ice Regimes: Trends, Effects and Implications
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a. Change in average lake-ice freeze-up dates, days (2040-2079 versus 1960-1999)
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b. Change in average lake-ice break-up dates, days (2040-2079 versus 1960-1999)
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c. Change in average lake-ice duration, days (2040-2079 versus 1960-1999)
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Figure 6.11. Change in simulated mean dates of a) freeze-up, b) ice break-up, and c) ice-cover duration between current (1960–1999) and future
(2040–2079) climatic periods. Source: Dibike et al. (2010).

40° to 75° latitudinal band with hypothetical lakes positioned
at a resolution of 2.5° latitude and longitude. Differences in
driving climatic variables between a current (1960–1999) and
future (2040–2079) run of the Canadian Global Climate Model
(CGCM3) were applied to the ERA-40 current data as input

Incorporation of air-temperature projections (for the 2050s
using the IPCC A2 emissions scenario) from the second
generation Canadian Global Climate Model resulted in an
average reduction in ice duration of 28 days (13 days later for
freeze-up and 15 days earlier for break-up).

Gebre & Alfredsen. 2011
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Environmental and social impacts


Impacts from impoundments and flow changes in
river reaches on:
Hydrology and hydraulics
 Terrestrial and aquatic ecosystems
 Use of rivers and lakes




Development of new transmission lines



Public acceptance

