
DEPARTMENT OF ENGINEERING                                       

AARHUS                                  
UNIVERSITY                              AU

 

DEPARTMENT OF ENGINEERING                                       

AARHUS                                  
UNIVERSITY                              AU

 

Gorm	
  Bruun	
  Andresen	
  
Assistant	
  professor,	
  Ph.d.,	
  M.Sc.	
  
Smart	
  Energy	
  and	
  Thermodynamics	
  
Department	
  of	
  Engineering	
  
Aarhus	
  University	
   1	
  



DEPARTMENT OF ENGINEERING                                       

AARHUS                                  
UNIVERSITY                              AU

 

Outline	
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WEATHER-­‐DRIVEN	
  MODELING	
  
We	
  cannot	
  control	
  when	
  the	
  wind	
  blows	
  or	
  the	
  sun	
  shines	
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Wind	
  and	
  solar	
  power	
  can	
  be	
  
combined	
  to	
  match,	
  e.g.	
  seasonal	
  
variaIons	
  in	
  the	
  electricity	
  demand	
  
and	
  reduce	
  the	
  need	
  for	
  new	
  
transmission	
  lines,	
  storage	
  systems	
  
and	
  other	
  supporIng	
  
infrastructure.	
  
	
  
D.	
  Heide	
  et	
  al,	
  Renewable	
  Energy,	
  35	
  (2010),	
  	
  
D.	
  Heide	
  et	
  al,	
  Renewable	
  Energy,	
  36	
  (2011).	
  

Combining	
  resources	
  to	
  
match	
  demand	
  

InterconnecGng	
  countries	
  
to	
  smooth	
  variaGons	
  

EsGmaGng	
  surplus	
  and	
  the	
  
need	
  for	
  storage	
  

Based	
  on	
  long	
  Ime	
  series	
  of	
  
potenIal	
  wind	
  and	
  solar	
  power	
  
generaIon,	
  the	
  benefit	
  and	
  opImal	
  
layout	
  of	
  a	
  strong	
  internaIonal	
  
transmission	
  grid	
  can	
  be	
  evaluated.	
  
	
  
R.A.	
  Rodriguez	
  et	
  al,	
  Renewable	
  Energy,	
  63	
  (2014),	
  	
  
S.	
  Becker	
  et	
  al,	
  Energy,	
  64	
  (2014).	
  

Wind	
  and	
  solar	
  power	
  generaIon	
  
may	
  exceed	
  the	
  hourly	
  demand	
  for	
  
electricity.	
  For	
  large	
  penetraIons	
  of	
  
renewables,	
  this	
  can’t	
  be	
  avoided,	
  
and	
  storage	
  may	
  be	
  a	
  viable	
  
soluIon.	
  	
  
	
  
M.G.	
  Rasmussen	
  et	
  al,	
  Energy	
  Policy,	
  51	
  (2012),	
  
G.B.	
  Andresen	
  et	
  al,	
  Energy,	
  76	
  (2014).	
  

50%	
  wind	
  penetraGon	
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“Let	
  	
  the	
  weather	
  decide!”	
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High-­‐resoluGon	
  weather	
  data	
  (70,128	
  h):	
  
50	
  x	
  50	
  km2,	
  1	
  hour	
  weather	
  data	
  covering	
  
the	
  8-­‐year	
  period	
  2000-­‐2007	
  for	
  27	
  
European	
  countries	
  on	
  and	
  offshore.	
  

High-­‐resoluGon	
  wind	
  and	
  solar	
  
PV	
  power	
  generaGon.	
  

Regional	
  electricity	
  demand:	
  
Hourly	
  electricity	
  demand	
  for	
  50	
  individual	
  regions.	
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Weather	
  based	
  power	
  generaGon	
  

6	
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To	
  design	
  a	
  well	
  func7oning	
  power	
  system	
  based	
  on	
  weather-­‐driven	
  sources	
  we	
  need	
  
high-­‐quality	
  weather	
  data	
  for	
  large	
  areas.	
  

High-­‐temporal	
  resoluGon:	
  
§  System	
  stability	
  (<15	
  min).	
  
§  Best	
  match	
  between	
  producIon	
  and	
  demand	
  

(about	
  1	
  h).	
  
§  Market	
  dynamics	
  and	
  design.	
  

High	
  spaGal	
  resoluGon:	
  
§  Local	
  resource	
  variaIons.	
  

Large	
  geographical	
  regions:	
  
§  SpaIal	
  smoothing	
  and	
  transmission	
  grid	
  

investments	
  (conInent/countries).	
  
§  Long-­‐term	
  planning	
  for	
  developing	
  countries.	
  
Many	
  years	
  of	
  data	
  (10+	
  years):	
  
§  Resource	
  quality	
  and	
  potenIal.	
  
§  Annual	
  variaIons	
  and	
  investment	
  risk.	
  

Ensemble	
  data:	
  
§  System	
  stability	
  and	
  reserve	
  requirements.	
  
§  Market	
  dynamics	
  and	
  design.	
  

Our	
  future	
  energy	
  supply	
  may	
  be	
  based	
  on	
  wind	
  and	
  
solar	
  power	
  genera7on.	
  	
  

To	
  exploit	
  the	
  very	
  different	
  temporal	
  and	
  geographical	
  
characteris7cs	
  that	
  are	
  important	
  for	
  the	
  underlying	
  
power	
  system	
  and	
  energy	
  markets,	
  we	
  believe	
  that	
  
analysis	
  of	
  high-­‐quality	
  weather	
  data	
  represents	
  the	
  
most	
  promising	
  route.	
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REatlas:	
  NEW	
  WIND	
  AND	
  SOLAR	
  
POWER	
  TIME	
  SERIES	
  

Weather	
  data	
  for	
  the	
  win!	
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GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS
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§ Flexible	
  and	
  fast	
  (repeated)	
  conversions	
  of	
  
different	
  technologies.	
  

§  Including	
  cross-­‐correlaIons	
  between	
  wind	
  and	
  
solar.	
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Firewall	
  

Client	
  
so^ware	
  

High-­‐performance	
  
REatlas	
  server	
  
-­‐  Weather	
  data	
  
-­‐  OpImized	
  data	
  

conversion	
  &	
  
aggregaIon	
  

Remote	
  procedure	
  calls	
  
(RPC)	
  

Processed	
  data	
  

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLASMain	
  design	
  goals	
  

MulG-­‐user	
  setup	
  



DEPARTMENT OF ENGINEERING                                       

AARHUS                                  
UNIVERSITY                              AU

 

What	
  does	
  it	
  do?	
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Global	
  state-­‐of-­‐the-­‐art	
  
climate	
  data	
  

•  Global	
  weather	
  
data	
  	
  

•  Regional	
  data	
  set	
  

•  Single	
  Ime	
  series	
  
for	
  a	
  specific	
  
technology	
  

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

See	
  also:	
  
•  G.	
  B.	
  Andresen	
  et	
  al:	
  “ValidaIon	
  of	
  Danish	
  wind	
  Ime	
  series	
  from	
  a	
  new	
  global	
  renewable	
  energy	
  

atlas	
  for	
  energy	
  system	
  analysis”,	
  hHp://arxiv.org/abs/1409.3353	
  
•  S.	
  Becker	
  et	
  al:	
  “Features	
  of	
  a	
  fully	
  renewable	
  US	
  electricity	
  system:	
  OpImized	
  mixes	
  of	
  wind	
  and	
  

solar	
  PV	
  and	
  transmission	
  grid	
  extensions”,	
  Energy	
  72	
  (2014).	
  

+	
  

All	
  Danish	
  wind	
  turbines	
  
	
  

The	
  REatlas	
  is	
  a	
  sojware	
  tool	
  to	
  
convert	
  reanalysis	
  data	
  to	
  Gme	
  
series	
  of	
  wind	
  and	
  solar	
  power.	
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  (ongoing)	
  applicaGons	
  

G.B.	
  Andresen,	
  	
  April	
  –	
  2015	
  
gba@eng.au.dk	
   10	
  

US EU NA
RU ME IN
SE CN JK

Figure 1: The division of the Northern Hemisphere of the globe into 9 super regions. Load and RES generation time series are aggregated
across these super regions.

Figure 2: Estimated lengths dl of the transmission lines between the
super regions in units of km.

When investigating transmission capacities, estimates
of the lengths of the transmission lines are needed. We
have modeled the length of the transmission lines by defin-
ing a link as going between the mean centers of population
of the two regions connected by the link. The mean cen-
ter of population is analogous to the center of mass from
mechanics, and denotes the point that minimizes the sum
of squared distances to members of the population. This
seems like a reasonable definition of link length, given that
the length of the link also has to account for internal trans-
mission within the super regions in question. We have
used population density data from [11], and the estimated
lengths of the links are shown in Figure 2.

2.3. RES Modeling
Normalized generation time series with hourly resolu-

tion for wind and solar power can be extracted from the
renewable energy atlas. These normalized time series fluc-
tuate according to the weather patterns and are scaled

according to the wind/solar mixing parameter ↵n defined
by:

hGW
n i = ↵nhLni (1)

hGS
ni = (1� ↵n)hLni, (2)

where GW
n denotes the wind generation, GS

n the solar PV
generation, and Ln is the load of region n. h·i denotes the
time sampled average. This is under the assumption of
100% renewable penetration: hGW

n i+ hGS
ni = hLni.

2.3.1. EU
For the EU, the number of installed wind turbines and

solar panels are chosen to be proportional to the respective
capacity factors in the grid cells1. The capacity factors for
wind and solar generation are defined as the mean gener-
ation in units of the installed capacity:

⌫W =

hGW i
CW

, (3)

⌫S =

hGSi
CS

. (4)

Installing wind turbines and solar panels proportional to
the capacity factors means that more wind turbines will be
installed in good wind spots and more solar panels will be
installed in areas with large amounts of sunshine. For both

1We emphasize again that the capacity here is chosen only to
obtain the shape of the wind and solar time series. These time series
are then rescaled as specified by ↵n.

2

Global	
  renewable	
  power	
  grid	
  
resulting generation time series’ production statistics for
eight different capacity layouts: Uniform distribution of
PV capacity and distribution proportional to the poten-
tial solar energy output both with or without exclusion
of areas that are declared unsuitable and/or prohibited
according to [18, 19], and four layouts in which the PV ca-
pacity is assigned randomly to 10% of the grid cells. The
night hours amount to a peak a zero production. The plot
reveals that the choice of capacity layout does not have a
large effect on the (normalized) solar generation time se-
ries. The spread in capacity factor is only 0.2% for the
example region of California shown in the plot. For FERC
regions in which the resource is less homogeneously dis-
tributed, such as ERCOT or NW, a slightly larger spread
of about 0.5% is observed. To make a realistic guess for
the layout, we assume a capacity distribution proportional
to the potential of the grid cell under consideration with
exclusion of unsuitable areas. The solar capacity layout
looks therefore very similar to the solar potential map Fig.
2.

2.2. Wind power
Wind speed interpolation from 10 m wind data to hub

height is used:

u(H) = u(10m)

ln

⇣
H
z0

⌘

ln

⇣
10m
z0

⌘ , (1)

where H is the hub height, z0 is the surface roughness,
and u is the wind speed as a function of height. This verti-
cal extrapolation tends to underestimate hub wind speeds
slightly, as discussed in [20]. Their research indicates that
it would be better to use measurement data from sound-
ings. However, since such data are not available for the
entire US, the simple conversion method of Eq. 1 is em-
ployed. A hub height of 80 m onshore and 100 m offshore is
chosen. To convert the wind speed at hub height to power
output, the power curve of the Vestas V90 3MW turbine is
used onshore, and the Vestas V164 7 MW turbine offshore,
as provided by the manufacturer [21]. These relatively new
and large models were chosen since the main aim of this
study is the investigation of a far future, highly renewable
energy system. The wind resource map thus obtained is
shown in Fig. 4, which aligns reasonably well with the re-
source maps from NREL [17]. The conversion from wind
speed data to wind power generation was modified with
the methods of [22, 23] to take effects of orography, sur-
face roughness, and siting into account, see Appendix A
for details.

For wind, the sensitivity to siting is substantially higher
than for PV, as is observed from the spread in the pro-
duction distribution for different capacity layouts for wind
(Fig. 5), which is large compared to the corresponding Fig.
3. We therefore rely on the wind capacity layouts given by
the Eastern and Western wind studies of NREL [18, 19],
which include extensive siting analysis. Their layouts do

Figure 4: (Color online.) Wind resource map for the contiguous US
as calculated from the renewable energy atlas [14], modified as de-
scribed in Appendix A to take effects of orography, surface roughness,
and siting into account.

Figure 5: (Color online.) Wind power output distribution and ca-
pacity factors for different capacity layouts for the SE FERC region.
The layouts are chosen randomly, with probability of picking a grid
cell proportional to its wind potential squared or cubed as stated in
the legend, and the total capacity was split into more or fewer units
to be randomly distributed (percentage value in the legend), see Sec.
2.2 for a detailed explanation.

not cover the FERC regions ERCOT and SE very well. For
these two regions, we use a randomized layout. The wind
power output distribution from eight different candidate
layouts for SE is shown in Fig. 5, which compares power
output statistics. All of them are randomly generated by
distributing a number of capacity units across all available
grid cells, proportional to their potential wind power out-
put squared or cubed (cf. the legend of Fig. 5). The higher
the exponent on the potential wind output, the more high-
yield sites are preferred. The amount of capacity units is
a handle on how smooth the layout becomes: The fewer
units, the more grained the final layout. It is chosen be-
tween 40% and 100% of the number of available grid cells.
Grid cells are allowed to hold more than one unit of ca-
pacity, so even in a layout using 100% of all grid cells as

3

evaluated one individual US region and/or have only con-
sidered a small set of hours for their analysis. This paper
is based on data for the entire contiguous US of unprece-
dented temporal length and spatial resolution. Relying
on 32 years of weather data with hourly time resolution
and a spatial resolution of 40 ⇥ 40 km2, potential future
wind and solar PV generation time series are calculated
and compared to historical load profiles for the entire con-
tiguous US, divided into the 10 FERC (Federal Energy
Regulatory Commission) regions (see Fig. 1).

We present two example applications of the obtained
generation data: First, it is examined how the mix of wind
and solar power can be tuned to reduce the usage of back-
up power plants and storage, and second, different trans-
mission grid extensions and their effects are investigated.
Both issues are first addressed on a purely technical level,
where our only concern is the reduction of back-up or stor-
age energy needed, and then on an economical level, tak-
ing costs of wind and solar PV installations and of trans-
mission lines into account. These costs are resolved on a
FERC region level to account for spatial differences.

Comparisons between technically optimal systems and
cost-optimal developments allow us to judge the effect of
costs as well as cost uncertainties on our projections. For
the mix between wind and solar PV power, we investigate
different relative costs in detail and show their impact on
the optimal mix. For transmission, we confine ourselves to
two cost scenarios due to computational limitations, and
compare them to a heuristic approach used previously.

This paper is organized as follows: Sec. 2 describes the
input weather data set, and how wind and solar generation
time series are obtained from it. Sec. 3 describes the load
data as well as the mismatch between VRES generation
and load. Secs. 4 and 5 present the two applications of the
generation and load data set: Calculation of the optimal
mix between wind and solar PV with respect to several
objectives in Sec. 4, and an optimal enhancement of the
transmission grid for sharing VRES among the FERC re-
gions in Sec. 5. Sec. 6 concludes the paper.

2. Weather and generation data

As data basis for the generation time series of wind and
solar PV, we use the renewable energy atlas developed
in [14]. It is based on weather data from NCEP CFSR
for the years 1979-2010 [15], with hourly time resolution
and an area of approximately 40⇥40 km2 in each grid cell,
covering the contiguous US. The conversion from weather
data to potential wind and solar PV generation is done on
a grid cell level and then aggregated to FERC region level.

By aggregating time series of wind and solar power, we
implicitly assume that the FERC region-internal transmis-
sion system is essentially unconstrained. This is reasonable
for an electricity system with a high share of VRES, since
aggregation of wind and solar power smooths the total
output [2–8], and hence there is a strong incentive to re-
move bottlenecks in the transmission grid. For now, we

only assume aggregation on FERC level. The inter-FERC
transmission grid will be considered explicitly in Sec. 5.

2.1. Solar PV power
Solar power production is calculated from weather data

as detailed in [14], assuming non-tracking, south-oriented
solar panels of the type Scheuten 215 I [16] with a tilt equal
to latitude. The corresponding resource map is shown in
Fig. 2. It agrees very well with the respective solar PV
resource map from the National Renewable Energy Labo-
ratory (NREL) [17].

The actual production within a FERC region is then
determined by applying a capacity layout to the grid cells,
i.e. deciding how much capacity is installed in each grid
cell and summing up the output from all cells, weighted
with this layout. The validation plot Fig. 3 shows the

Figure 2: (Color online.) Solar resource map for the contiguous US
as calculated from the renewable energy atlas [14].

Figure 3: (Color online.) Solar power output histogram for Califor-
nia, for eight capacity layouts: Proportional to potential generation,
not taking any excluded areas into account, proportional to potential
generation, taking excluded areas from [18, 19] into account, uniform
distribution with and without excluded areas, and four random lay-
outs, in which solar power capacity is distributed randomly to 10%
of all grid cells. In the legend, the CF (capacity factor) of the layout
that is achieved throughout the years is shown along with the layout
name.

2

Wind	
  and	
  solar	
  power	
  in	
  the	
  US	
  

Wind	
  power	
  in	
  Denmark:	
  	
  
2000	
  -­‐	
  2035	
  

Germany,	
  
Europe,	
  
Australia	
  …	
  

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS
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WIND	
  POWER	
  DATA	
  
PredicIon	
  is	
  very	
  hard	
  –	
  especially	
  about	
  the	
  future	
  

G.B.	
  Andresen,	
  	
  April	
  –	
  2015	
  
gba@eng.au.dk	
   11	
  

50%	
  wind	
  penetraGon	
  

14 

Projected volumes of wind power in the energy system Potential impact for balancing 

Source: Energistyrelsen 

Note: distribution between onshore and offshore can vary 

2.934 3.159 3.129

0

1.000

2.000

3.000

4.000

5.000

6.000 +58% 

2020 

5.998 

2.869 

2015 

4.428 

1.269 

2010 

3.802 

868 

Onshore Offshore 

Windpower 
MW installed 

0

1.000

2.000

3.000

4.000

5.000

M
W
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Wind powered energy production Demand load

~50% 

~25%* 

*Data from West Denmark, January 2010 
(Energinet.dk – Markedsdata) 

Key  integration  questions  are… 
• How do we store excess amounts of RE power? 
• What will be our back-up power production during 

low or no wind? 
• How do we handle the ramping from RE power 

production and new loads? 
• How de we secure strong and reliable power grids? 

The 50% wind integration challenge in 2020 is unprecedented in history! 

Stolen	
  from:	
  Klaus	
  B.	
  Hilger,	
  DONG	
  Energy.	
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New	
  Danish	
  wind	
  Gme	
  series	
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Jan.	
  1st	
  2010:	
  
•  All	
  Danish	
  turbines	
  

State-­‐of-­‐the-­‐art	
  
climate	
  model	
  
•  30+	
  years	
  
•  300,000	
  hours	
  

CalibraGon	
  &	
  validaGon	
  
•  Model	
  vs.	
  historical	
  data.	
  

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

GLOBAL RENEWABLE 
ENERGY ATLAS

Source:	
  G.	
  B.	
  Andresen	
  et	
  al.:	
  “ValidaIon	
  of	
  Danish	
  wind	
  Ime	
  series	
  from	
  a	
  new	
  global	
  renewable	
  energy	
  atlas	
  for	
  energy	
  system	
  analysis”,	
  hHp://arxiv.org/abs/1409.3353	
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Other	
  measures	
  for	
  comparison	
  (2010)	
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DistribuGon	
  of	
  power	
  generaGon:	
  

Mean	
  abs.	
  change	
  vs	
  Gme	
  horizon	
  

Mean	
  abs.	
  change	
  vs.	
  power	
  generaGon	
  

DistribuGon	
  of	
  mean	
  abs.	
  change	
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ValidaGon	
  for	
  other	
  historical	
  years	
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2000	
   2005	
  

2010	
  

The	
  calibraIon	
  was	
  done	
  for	
  the	
  year	
  
2010	
  alone.	
  But	
  it	
  results	
  in	
  good	
  
matches	
  for	
  other	
  historical	
  years	
  too.	
  



DEPARTMENT OF ENGINEERING                                       

AARHUS                                  
UNIVERSITY                              AU

 

G.B.	
  Andresen,	
  	
  April	
  –	
  2015	
  
gba@eng.au.dk	
   15	
  

2012	
  
•  Many	
  old	
  onshore	
  turbines.	
  
•  Some	
  modern	
  offshore	
  parks	
  

2020	
  
•  ParIal	
  replacement	
  of	
  old	
  

onshore	
  turbines	
  with	
  
modern	
  ones.	
  

•  Many	
  modern	
  offshore	
  parks.	
  

2035	
  
•  Full	
  replacement	
  of	
  old	
  

onshore	
  turbines	
  with	
  
modern	
  ones.	
  

•  Many	
  modern	
  offshore	
  parks.	
  

PredicGng	
  the	
  future	
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Capacity	
  factor	
  (2010)	
  	
  

Projected	
  change:	
  2000	
  -­‐	
  2035	
  

Variability	
  (2010)	
  

Projected	
  change:	
  2000	
  -­‐	
  2035	
  

+/-­‐	
  10%
	
  

+/-­‐	
  10%
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Capacity Factor Variability

REatlas 2020 34.3% (30.6;38.5) 3.0% (2.7;3.3)

REatlas 2035 39.1% (35.0;43.7) 3.2% (2.9;3.4)

ISET 40.9% (36.5;44.8) 3.6% (3.3;3.9)

EnergyPLAN 35.5% 3.7%

RAMSES 6.12 36.1% 3.5%

DE 37.9% 2.5%

Most	
  favorable	
  for	
  wind.	
  

Annual	
  energy	
  
producGon	
  

Reserve	
  
requirement	
  

•  10	
  to	
  15%	
  lower	
  installed	
  capacity	
  for	
  the	
  the	
  high	
  CF	
  data	
  sets	
  if	
  the	
  annual	
  energy	
  
generaIon	
  is	
  kept	
  constant.	
  	
  

•  40%	
  more	
  reserve	
  capacity	
  is	
  required	
  if	
  the	
  low	
  variability	
  data	
  is	
  exchanged	
  with	
  
the	
  high	
  variability	
  data.	
  	
  

Source:	
  G.	
  B.	
  Andresen	
  et	
  al.:	
  “ValidaIon	
  of	
  Danish	
  wind	
  Ime	
  series	
  from	
  a	
  new	
  global	
  renewable	
  energy	
  atlas	
  for	
  energy	
  system	
  analysis”,	
  hHp://arxiv.org/abs/1409.3353	
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•  Good	
  energy	
  system	
  modeling	
  requires	
  good	
  wind	
  and	
  
solar	
  power	
  Ime	
  series.	
  

•  A	
  fast	
  and	
  flexible	
  Global	
  Renewable	
  Energy	
  Atlas	
  for	
  
wind	
  and	
  solar	
  power	
  has	
  been	
  developed.	
  

•  For	
  Denmark	
  the	
  REatlas	
  has	
  been	
  validated	
  and	
  
applied	
  to	
  predict	
  future	
  wind	
  power.	
  

•  Comparison	
  between	
  different	
  future	
  model	
  wind	
  
power	
  Ime	
  series	
  show	
  important	
  differences.	
  

PS.	
  Thank	
  you	
  for	
  listening!	
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