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Preface 
 

In the licensing procedure for hydropower development in Norway, costs and benefits 
connected to the project is evaluated. When a project gets a license this also contains a set of 
conditions. The conditions ensure specific environmental aspects that have been addressed in 
the licensing procedure. One such condition can be that the hydropower should be run smoothly 
and according to the discharge. Typical start-stop procedure to increase financial benefit is not 
allowed.  Start-stop practice is negatively affecting the aquatic environment downstream the 
hydropower plant.  

NVE is responsible to follow up the conditions set in the license for hydropower plants. 
Usually, supervision is targeting hydropower plants individually. With more than 1000 licenses, 
it is practically impossible to look after all this over a restricted time period. Thus, this project 
was initiated to get an overview of  the production practice of small hydropower plants in 
Norway. The results can be used in targeting future supervision of small hydro power. 

 

I konsesjonsbehandlingen av vannkraft blir fordeler og ulemper veid mot hverandre. Når 
fordelen er vurdert å overstige ulempene, blir det gitt tillatelse til tiltaket. Denne konsesjonen 
kan inneholde vilkår som gjenspeiler miljøforhold som ble belyst i konsesjonsprosessen. Et slikt 
vilkår kan være at kraftverket til enhver tid skal kjøres etter tilsiget, at alle endringer skal skje 
gradvis og at typisk start-stopp kjøring skal ikke forekomme. Typisk start-stopp kjøring vil 
kunne påvirke akvatiske organismer nedstrøms kraftverket negativt. 

NVE følger opp at konsesjonsvilkår blir etterlevd. Vanligvis vil et slikt tilsyn være rettet mot 
konkrete anlegg. Med mer enn 1000 konsesjoner er det umulig å følge opp alle konsesjonsvilkår 
til alle anlegg innen en rimelig tidshorisont. Derfor ble dette prosjektet gjennomført for å få en 
oversikt over hvordan dette konkrete konsesjonsvilkåret blir etterlevd. Resultatene vil bli brukt i 
fremtidig tilsynsvirksomhet av små vannkraftverk. 
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Summary 
Start-stop practice was analysed in a total of 256 Norwegian hydropower plants in conjunction 
to a set of characteristics that define each plant such as production, turbine type, river discharge, 
precipitation, and geographic location. We selected hydropower plants on grid in 2005 or later, 
and chose 2015 as a stochastic and representative year for hourly production pattern. Among the 
analysed plants, a vast majority, 75.8%, did not have a license to practice start-stop dynamics.  

Most of the plants had Pelton turbines installed (70.3%), followed by Francis (27%) and Kaplan 
(2.7%), and production typically showed daily, weekly and annual cycles though shapes varied 
depending on turbine type and location. Further, daily production showed a positive relationship 
with precipitation regardless of the installed turbine type.  

The number of starts were counted for each plant finding a larger number in Kaplan turbines as 
compared to Francis and Pelton. The number of starts was not dependent on having a license to 
practice start-stop. However, average duration and production of starts were higher for plants 
allowed to practice start-stop. In general, the number of starts varied widely among plants and 
were related to the annual mean river discharge. However, this relationship differed among 
turbine types, being negative for Francis and dome-shaped for Pelton, while in the case of 
Kaplan turbines the number of starts did not show any association with mean discharge. We 
know that 2015 hydrologically was special. The melting of snow during spring was extremely 
late, and high precipitation represented an increase in production of 31.5 TWh. This may 
indicate that number of starts would have been higher in a drier year. Financial proceeds is 
probably the most important factor explaining the start-stop practice. 
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Sammendrag 
Start-stopp praktisering ble analysert for 256 norske konsederte kraftverk. Hvert enkelt 
kraftverk ble karakterisert ut fra produksjon, turbintype, vannføring i vassdraget, nedbør og 
geografisk plassering. Vi valgte ut kraftverk som var satt i drift i 2005 til 2014, og valgte 2015 
som et stokastisk tilfeldig år til å dokumentere kraftproduksjon med timesverdier. Blant 
kraftverkene hadde de aller fleste (75,8 %) vilkår i konsesjonen om at start-stopp ikke var tillatt.  

De fleste kraftverkene har installert Pelton turbin (70,3 %), deretter fulgte Francis med 27 % og 
Kaplan med 2,7 %. Forholdet mellom maksimal slukeevne til turbinen og årlig 
middelvannføring var i gjennomsnitt 1,9 for Pelton, 1,45 for Francis og 1,6 for Kaplan turbiner. 
Produksjonsmønstrene viste variasjon gjennom døgnet, uken og året selv om omfanget var 
avhengig av turbintype og geografisk plassering. Videre viste døgnproduksjonen en positiv 
sammenheng med nedbøren uavhengig av hvilken turbintype som var installert. 

Antall starter gjennom året ble talt opp for hvert enkelt kraftverk og var ikke avhengig av 
konsesjonens ordlyd. Kraftverk som hadde forbud mot start-stopp hadde i gjennomsnitt flere 
starter enn kraftverk uten restriksjon. Forskjellen var ikke statistisk signifikant. Innen alle tre 
turbintypene ble det registrert kraftverk som hadde meget høye antall starter i 2015 – Pelton 
>250 starter, Francis >100, og for Kaplan >175. Av disse tre ekstremverdiene var det kun 
Francis turbinen som ikke hadde restriksjon i konsesjonen.  

Den store forskjellen i antall starter blant kraftverkene var knyttet til middelvannføring ved 
inntaket. Sammenhengen var imidlertid forskjellig mellom turbintypene. Den var negativ for 
Francis, ikke-lineær for Pelton mens det for Kaplan ikke var noen sammenheng. For Pelton var 
det flest starter i elver med middelvannføring på 0,6 m3/s. For Francis var det flest starter i 
elvene med den minste middelvannføringen (0,45m3/s) der disse var installert. 2015 var et 
hydrologisk vått år. Dette kan indikere at antall starter ville ha vært høyere i et tørt år. 
Økonomisk fortjeneste er trolig den viktigste årsaken til start-stopp praktiseringen.   
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reservoir, and whether the HP was allowed to practice start-stop dynamics (http://nve.no). 
Statnett SF provided hourly production (in kWh) data in 2015 for every HP (http://Statnett.no). 

Daily precipitation (in mm) data for 2015 were obtained for a total of 132 weather 
stations representative of rainfall conditions for all hydropower plants (Fig. 1, Table S1). Data 
were downloaded from the Norwegian Meteorological Institute (http://met.no). 

 

2.2 Characteristics of hydropower plants 
The data set consists of five different types of turbines: Pelton, Francis, Kaplan, Brekke and 
Turgo. The latter two were installed in only three HPs. Their characteristics resembles very 
much to a Pelton turbine and were treated as such in the analyses. Three HPs had two different 
turbine types installed, namely one Pelton and one Francis, but of different capacity. In the 
analyses, we classified the HP according to the turbine with the smallest capacity. This resulted 
in 180 HPs with a Pelton turbine, 69 HPs with a Francis turbine, and 7 HPs with a Kaplan 
turbine. 

 Due to climatic conditions, geomorphological characteristics of the watershed and 
characteristics of the turbine, the concise turbine type is selected for each hydropower plant. The 
Kaplan turbine are characterised by low head and large volume of water, and are therefore used 
in large rivers with low pressure usually <30 m head. The Pelton turbine are suitable for power 
extraction when the water energy is available at high head (often >500 m) and low flow rate. 
The Francis turbine operates in a water head from 40 to 600 m.  

 The seasonal run off varies considerably among Norwegian counties, as does the 
altitudinal conditions. High gradient watersheds and high annual precipitation are found on the 
west coast of Norway, namely the counties of Hordaland and Sogn og Fjordane. On the other 
hand, areas with low annual precipitation and low gradient watersheds are found in the eastern 
areas namely the counties of Finnmark and Hedmark (Fig. 1).  

 When a license for production of hydroelectric power includes start-stop restriction the 
license is not specific in how this should be expressed. However, the restriction is followed by 
an explanatory sentence saying that all changes in water discharge should occur at a slow rate. 
The intention is to secure a stable discharge in the river downstream the hydropower plant. In 
this study, we classified every hourly datum as start or stop if the HP was producing or not. 
Then, we counted the number of start and stop periods without taking into account any other 
rule, that is, the duration of the periods was not important for considering that a plant was on or 
off (Fig. 2A). In some cases, the periods with production and periods without production are 
very regular with production during daytime and stop during night (Fig. 2B). In addition, the 
time from zero to maximum production and from maximum to zero production is very short, 
apparently within few minutes. The finest time scale for available production data is on an 
hourly basis. Thus, there are no possibility to analyse the practice at a finer timescale. 

 


































































