
Supplement of Proc. IAHS, 376, 25–33, 2018
https://doi.org/10.5194/piahs-376-25-2018-supplement
© Author(s) 2018. This work is distributed under
the Creative Commons Attribution 3.0 License.

Open Access

Supplement of

Water impacts and water-climate goal conflicts of local energy choices –
notes from a Swedish perspective
Rebecka Ericsdotter Engström et al.

Correspondence to: Rebecka Ericsdotter Engström (rebecka.engstrom@energy.kth.se)

The copyright of individual parts of the supplement might differ from the CC BY 3.0 License.



Supplement 

A. Calculation of the Water Footprint of Swedish Electricity 

In order to align and have corresponding data sources, this paper analyses data on emissions, water use, energy use and its 

related water use for each of the 21 counties of Sweden for the year 2010. The Swedish electricity mix in 2010 is shown in 10 

table A1. The water requirement of each employed type of power generation was calculated as the sum of the water required 

(consumed) in the cultivation or extraction and processing of the input fuel before reaching the power plant (where applicable) 

and the water consumption rate (per unit of electricity produced) at the power plant.  

Water consumption data comes from the same body of literature as mentioned in the main article. Data on consumptive water 

use of electricity generation is collected from Averyt et al. (2011), Herath et al. (2011), Macknick et al. (2012), Mekonnen, 15 

Gerbens-Leenes and Hoekstra (2015) and Mekonnen and Hoekstra (2011). Employed water factors in this analysis, for total 

water requirements of electricity (fuel production and electricity generation phases), are shown in table A1.   

  



Table S1. Swedish electricity production year 2010 split on generation technologies (SCB, 2017), and estimated per water 

use for each technology.  

Plant type 

Electricity 

production, 

2010 (GWh) 

Associated 

water use 

(m3 TJ-1) 

Water footprint data source and comments 

Hydropower 66 773 3600 

Mekonnen and Hoekstra (2012). Geographical origin of data: Sayano 

Shushenskaya reservoir, Russia – assumed to have similar evaporation 

rates as Swedish hydropower 

Wind power 3 502 0,2 
Mekonnen, Gerbens-Leenes, and Hoekstra (2015). Median value (this is 

higher than most estimates). 
 

Solar power .. 19 
Mekonnen, Gerbens-Leenes, and Hoekstra (2015). Median value (this is 

higher than most estimates). 

Nuclear 

power 
55 626 86 

Gerbens-Leenes et al (2008). Only the water footprint of the input fuel is 

included, since power plant cooling system uses seawater. 

Combined 

heat and 

power 

(CHP): 

19 056 

 

Sum of the below 

CHP, 

industry 
6 242 4840 

Calculated based on electricity production data from the Swedish 

combined district heat and power plants (see Supplement section B) 
 

CHP, 

district heat 
12 276 4840 

Calculated based on electricity production data from the Swedish 

combined district heat and power plants (see Supplement section B) 
 

Condense 

prod. (oil) 
517 385 

Sum of Power plant cooling water use from Averyt et al. (2011) and 

Input fuel water footprint from Rio Carrillo & Frei (2009) 
 

Gas turbines 

(oil) 
21 385 

Sum of Power plant cooling water use from Averyt et al. (2011) and 

Input fuel water footprint from Rio Carrillo & Frei (2009) 
 

 

B. Calculation of the Water Footprint of Swedish District Heat 

Data on fuels burned for Swedish district heat production are available for each municipality from Energiföretagen (n.d.). Data 5 

for 2010 shows a majority of input fuels coming from renewable sources, primarily biomass and waste. The indirect water 

consumption of district heat production is calculated based on reviewed water use per fuel data multiplied with the percentage 

share of each input fuel (in 2010). Added to this is the direct water requirements of the district heating itself, estimated in this 

study to the annual volumes of make-up water divided by total heat delivery for the same year. Make-up water data are not 

publically available for the Swedish district heating systems in general. For this study, data on the direct water use was obtained 10 

for a selected, considered typical, system – the Oskarshamn municipal district heating system – and used as a proxy for average 

Swedish conditions. Worth noting related to this estimate is the difference in scale between indirect water (from fuels) and the 



direct water (make-up water within the district heat system) volumes. The latter is only approximately 10-3 compared to the 

former.  

C. Accounting for transmission losses in the energy system 

Unless otherwise stated, data on water requirements for fuel, heat and electricity production are assumed to be in units of fuel 

produced. The present study uses these data to investigate the implication on fuels etc. consumed. To acknowledge this 5 

discrepancy, transformation and distribution losses in the energy system between primary/secondary and final energy are 

included in the water-for -energy calculations. Data on losses in the electricity system are estimated to 7.13 % for year 2010 

and come from the IEA data table on “Electric power transmission and distribution losses (% of output)” © OECD/IEA, 2010, 

(filtered on data for Sweden) www.iea.org/statistics (Licence: www.iea.org/t&c). 

The efficiency of Swedish district heat production system is reported to 96%, (Energiföretagen, n.d.) and system losses are 10 

calculated to on average 11%. 

Distribution of liquid, solid and gas fuels, whether renewable or not, are considered to have negligible losses.    

D. Additional figures 

 

 15 

Figure S1: Zoom-in of the left lower corner of main manuscript’s figure 2 (absolute GHG emissions (x-axis), direct 

local water use (y-axis) and indirect-remote water use for energy supply (circle size) in Swedish counties).  
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Figure S2: Zoom-in of the left lower corner of main manuscript’s figure 3 (per-capita GHG emissions (x-axis), per-

capita direct local water use (y-axis) and per-capita indirect water use for energy supply (circle size) in Swedish counties). 
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Figure S3: Zoom-in of the left lower corner of main manuscript’s figure 3 (imported” indirect water use outside of 

Sweden related to the population (per-capita units) and the energy use in Swedish counties, compared to reported direct 

water use per capita (y-axis) and GHG emissions per capita (x-axis)). 
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