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Background

O Large interest in Norway's potential for
pumped storage hydropower (PSH) to
develop renewable energy sources

O Pre-study from 2011 for southern Norway:
selection of potential PSH connections
based on expert knowledge

0 GIS-tool: mapping for entire Norway based
on documented selection criteria (first stage;
Nno costs or reservoir interactions included)
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GIS mapping of PSH potential in Europe

O Linking two existing reservoirs, or

O Transformation of one existing lake or
reservoir to PHS by detecting a
suitable site for a second reservoir

JRC SCIENTIFIC AND POLICY REPORTS

Assessment of the European
potential for pumped hydropower
energy storage

A GIS-based assessment of
pumped hydropower
storage potential

Schmidt et al. (2011);
Mapping of potential in
Thiringen (Germany)

Marcos Gimeno-Gutiérrez
Roberto Lacal-Arantegui

2013

Norway:
Only linking of existing reservoirs,
no construction of new ones
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- Recommendations from a PSH GIS
GIS mapping of PSH mapping workshop (Arantegui and

potential in Europe Tzimas, May 2012)
Criteria Scope

National Region County Gnd
Max distance between reservoirs (km) 20 20 20 20
Minimum head (m) 50—-200 25-200 15-200 50-—200
Topologies 1 & 2: minimum usable volume of existing 1 Hm3®/ 0.1 Hm3/ 005 Hm3/ 1 Hm3/
reservoir (Hm?), or hydropower installed capacity (MW) 10 MW 5 MW 1 MW 10 MW
Topology 2, assumed new reservoir size ( m?) 1 000 700 700 1 000
Topology 2, assumed new reservoir average depth (m) 10 7 7 10
Minimum distance to inhabited sites (m) 2000 1 000 200 2 000
Minimum distance to existing transportation mfrastructure 100 100 0 100
(m)
Distance to national parks 2 000 1 000 200 2000
Distance to Natura 2000 sites 200 100 50 200
Distance to special protection areas 200 100 50 200
Minimum distance to a UNESCO site (m) 2000 1 000 500 2 000
Maximum distance to sutable grid connection (km) 20 20 10 20

Table 1: Proposed values for some of the criteria described, depending on the scope of the assessment. Minimum
distances are between the new reservoir under assessment and the given feature®.
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GIS Mapping
Norway

Input data (maps) from the
Norwegian Mapping Authority,
NVE, and Environmental
Agency

Norway has 905 existing
reservoirs, 886 of them
with a reservoir volume of
>100 000 m3

Grey:

User-defined input
parameters or data sets
Green:

Result files

Flow chart
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Python script tools, included into ArcGIS 10 geoprocessing toolbox

o PumpStorageNorway_15dec.mxd - ArcMap -
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Tool 1: Topographical analysis
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Tool 2 & 3: Production- and
environmental related selection criteria

L There must be transmission capacities for the produced electricity.

O The water level changes (m/hour) in the upper reservoir and lower

reservoir are limited because of environmental considerations (fish
stranding etc.) and erosion issues.

O Protected areas (e.g. INON) should not be affected.
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Q PumpStorageNorway_22)an2013.mxd - ArcMap - ArcInfo - - — ‘ = =
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
Cedc ¥ BB x| b 13000 = Gl E B e x? o RO e MU k@ BIERER TR
—
#0037 Tool 2: Calculation of Production and Restriction Parameters PR — srandiion-90, — o o1 ]
.
- & Result file from Tool 1 (Distancelines_DGM_PPC_shp): “ | Tool 2: Calculation of Production and i
=] @ Restriction Parameters
= Input fle for powerlines (ine shape file)
= J:\Prosjekt\Avd12\12%757 HydroBalance phase 1\GIS_12X757. 20ArcGISProsjekt_17Dec2012\Data\Raw_Data\NVE_Data\Power_Lines\kraftlinjer - ikke oppdatert.shp @ Calculates the position of environmental influence points (EIP).
| = Input file for roads (ine shape fle) Computes the distances between EIP and nearest powerline,
road and environmentally restricted areas. Adds and calculates
J:\Prosjekt|\Avd 12\12%757 HydroBalance phase 14GIS_12X757.20\ArcGISProsjekt_17Dec2012\Data\Prepared_Data\UTM33\fy_vei_|_merge_utm33.shp @ new field parameters for the sereening.
Input file for wild reindeer areas (DN, polygon shape file)
J:\Prosjekt\Avd12\12X757 HydroBalance phase 1YGIS_12X757. 20\ArcGISProsjekt_17Dec2012\Data\Raw_Data\DN_Data\Otherslvilrein_omrade \willrein_omrade, shp @ Legend
Input file for INON areas (DN, polygon shape file) .
15\Prosjekt\Avd 121124757 HydroBalance phase 1YGIS_12(757. 20\ArcGISPrasjekt_17Dec2012\DataRam_DataDN_Data INON nargeD8 nond3_nerge.shp =) + NVE Reservoirs
Input file for aultural landscape areas (DN, polygon shape file) @ Roads -
J:\Prosjekt\Avd 12\12X757 HydroBalance phase 1YGIS_12X757. 20\ArcGISProsjekt_17Dec2012\Data\Raw_Data\DN_Data\Others'naturbase_helhetige_kulturlandskap_utm33'naturbase_ Wi .
ild reindeer areas
Input file for natural protection areas (DM, polyaon shape file) A
J:\Prosjekt\Avd 12412757 HydroBalance phase 1\GIS_12X757. 20\ArcGISProsjekt_17Dec2012\Data\Raw_Data\DN_Dats\Othersinaturvern_utm33\naturvernomrader_utm33.shp @ Natural protection areas s ]
Input file for suggested natural protection areas (DN, polygon shape file) @ 8ugg natural p(o(ection areas :
J:\Prosjekt\Avd 12\12X757 HydroBalance phase 1YGIS_12X757. 20\ArcGISProsjekt_17Dec2012\Data\Raw_Data\DN_Data\Others\foreslatt_vern_utm33\foreslatt_vern_utm33.shp c
ultural landscape areas
Input file for areas protected against hydropower development (NVE, polygon shape file) P " .
% 3
J:\Prosjekt\Avd 12\12X757 HydroBalance phase 1YGIS_12X757. 20\ArcGISProsjekt_17Dec2012\Data\Raw_Data\NVE_Data\NVE_Atlas_Feb2012\wp_verneplanf_Shape_utm33\vP_Vernepl @ INON Zone 1 s L)
S . ..v
Mod forthe HP protection analysis fpoirt or polygor) defauit-point INON Zone 2 ”
o Netinflow fil (Excel) INON Zone 3 X
= 3
@ Short string to be induded into the file name: o
Lot
e A
.
[ool 2:
"
. .
Calculation of productlon and .
. .
restriction parameters :
[ ok J[ concel | [Environments... | [ << tide Held o
.
e
B|&n < | m | .
Calculates the position of environmental influence points (EIP). Computes the distances between EIP and nearest powerline, road and environmentally restricted areas. Adds and calculates new field parameter:
.
.
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User-defined parameters (can be varied in sensitivity tests)

Table 3: User-defined criteria and default values used in the present study

Tool 3;

Criteria Unit Default Note
Maximum distance between reservoirs km 50
Minimum head m 50
Minimum hydropower installed capacity MW 100
Maximum distance to roads km 10
Maximum distance to suitable grid connection km 20
Maximum rate of water level change in reservoirs m/hour 0.13 Based on river data
Minimum distance to INON areas (not affected by m / 500 \
heavy technical installations or constructions) /
Minimum distance to cultural landscape areas of m 500 Distances with reSpeCt to EIP.
high priority with biological and historical values U pd ate and expert
Minimum distance to wild reindeer areas m \ 2000 assessment necessary!
Minimum distance to existing and suggested natural m \ 500 |
protection areas \ /
N

Screening
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PSH connections for three and 30 days storage
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Performance test example: Tinnsjg (C1)
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Figure 6: The Mosvatn-Tinnsje-Kallhovd/Mar area with the PSH cases suggested by Solvang et al. (2012,
left) and the GIS-screening results obtamed using the P-Mode for 400, 700 and 1400 MW. Dashed lines:

PSH lines which are in conflict with the environmental restriction zones.
Different net inflow rates,

Table 8: Net inflow from the reservoirs for Case C1 depending on assumptions

Upper Reservoir: Mosvatn Lower Reservoir: Tinnsjo
Solvang et al. (2012) Amesen (2013) Solvang et al. (2012) Arnesen (2013)
Other inflow m'/s P— 997 —_—
Other discharge m'/s ﬁl 150.2 S
Net inflow m’/s \WI -90.5 -50.5 -130.6 />
B ————— ——

CEDREN Centre for Environmental Design of Renewable Energy
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Testing and suggestions for improvements/development

b e Master thesis C. Cortinez (2013):
| L Suggestions for improvements of some
~~m/w algorithms (e. g. terrain criterion)
U Inclusion of a simplified cost estimation

W as additional selection criterion for a
\ ¥ test region in Telemark
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Cost estimation
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Total costs
Upper for electro- Lower
. technical systems
reservoir Tunnel _ reservoir
ivouah Air shaft
(As)
HRW_U -
@& | Power
LRW_U L ling; ISR
- 5 Gross pressure head
! Trans- (R
! Cable  formator
t et HRW_L
' =
' Penstock - o
i - AS b e =
f length (PSL) ‘ ‘J . LRW_L
i A’ i
| Mechanical Power plant | Underwater
| engineering with adit & i tunnel
| costs accesstunnels | piercing
5 Nearest distance between reservoirs (DISTpl) / E
/ Costs for civil engineering work
Turbines/pumps; (tunnels, shafts, underground power
gates station, ..)

NVE Guidelines for cost estimates; with some simplifications

CEDREN Centre for Environmental Design of Renewable Energy



Testing and suggestions for improvements/development

E = pgn-GPH -V

E = total potential energy
storage (GWh)

GPH = gross pressure height
V = volume

G¥ipesorD
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Conclusions

4 The GIS tool showed high PSH potential in the
mountains in the southern part of Norway, some
relevant sites in Central Norway, few in North-Norway.

1 Results are highly depending on net inflow due to
existing power plants and reservoir interactions.

 Many of the PSH connections are in conflict
with environmental restrictions. Further investigations of
environmental restrictions are needed (expert
assessment)!

d Suggested improvements and new routines for cost
calculation and selection in case of multiple reservoir
connections need to be implemented into the GIS tool.
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Thank you!

Contact: peggy.zinke@sintef.no
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