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The Renewable Energy Sector 
continues to grow

• Renewables would need to supply 70-85% of electricity by 2050 (to limit to 1.5 
degC by the end of century).


• Wind and solar energy appear to be feasible options (growth, cost, low risk).


• The Irish electricity sector ~29% renewable energy sources, the majority of which 
is wind energy.


• Wind energy has had huge growth in Ireland and is projected to continue to grow.


• Solar energy generation is still quite limited in the Republic, but is having rapid 
growth in Northern Ireland
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4200 • Electricity demand is projected to 
increase in the Republic by 20-57% by 
2027.



How do Climate Projections 
translate to Renewable Resources 

and Demand for Ireland? 
• A much better understanding of how climate change will impact 

the renewable energy resources and demand is required.


• We will study wind energy, solar energy and electricity demand 
together.

• While other factors will influence the future 
energy system, this study aims to 
understand the isolated effects of 
weather/climate on future energy 
systems without introducing other 
dimensions of uncertainty.



Data and Models
• MERA reanalysis: 1981-2016


• 5 regional downscaled climate models: 1981-2005, 2041-2060, 
2081-2100


• 2 scenarios: RCP 4.5, RCP 8.5


• Wind capacity model, Solar capacity model based on Renewables 
Ninja 

• Weather driven Electricity Demand model built on historic demand 
data and population weighted weather variables

MERA RCMs



Electricity Demand Model
Isolate residual demand:


Remove climatic, seasonal and economic variability

Fit a Regression Model based on Temperature, Radiation, and Wind

Though these models are based on daily electricity demand we can apply
the same concept to model a given hour of the day.

First we remove the first and last six months of the data due to the
rolling mean not being consistent here, so the data runs from 2nd July 2011
- 1st July 2016. Next we remove weekends and public holidays to consider
only midweek demand (weekends and public holidays can be modelled and
analysed separately if required).

For a given hour of the day we apply the regression model:

DR = a Te + b T
2
e + c I

h
global + d Wsurface + ✏,

where DR is residual demand, Te is e↵ective temperature, Ihglobal is the
global radiation, Wsurface is surface wind speed, ✏ represents the model error
and a, b, c, d are the model constants.

E↵ective temperature represents the tendency for electricity demand to
lag actual temperature changes, e↵ective temperature squared is also in-
cluded to capture the typically non-linear relationship between temperature
and demand. E↵ective temperature is defined:

Te(tn) =
1

2
T (tn) +

1

2
T (tn�1),

where tn represents the nth day, and tn�1 the previous day. Global radiation
captures the e↵ects of illumination on electricity demand and wind speed
captures the e↵ects of wind chill.

The weather variables used here were population weighted according to
population sizes of the most densely populated urban areas of Ireland as
shown in Figure ??. Dublin is given a larger area due to the larger sprawl
of population density compared to other regions.

We applied a regression model to each hour of the day and the com-
bination of the 24 regression models provides a complete hourly electricity
demand model. Each of the 24 regression models were trained for each sea-
son separately (so in fact there are 96 models in total). The models were
trained using a non-linear least squares method.

3.3.2 Solar Capacity Model

The solar capacity model is adapted from the Renewables Ninja gsee code
based on Huld et al (2010) and Pfenninger and Sta↵ell (2016).

The Huld et al (2010) model for the power P of PV modules is given by:

P = CI
0
⌘(I 0, T 0),
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DR = D � y � y0



• 24 Models for each hour of the 
day.


• Models trained on 5 years of 
historical electricity demand 
data. 

• Weather variables are population 
weighted. 

• Each model is trained for each 
season individually


• Output: all Ireland hourly 
demand

Electricity Demand Model



• Solar Capacity depends on Irradiation (direct and diffuse), 
Temperature and Panel efficiency:

where C is the capacity of the PV panel (W), or power at standard test
conditions: total in-plane irradiance ISTC = 1000 W/m2 and module tem-
perature TmodSTC = 25�C; I 0 = I/ISTC is the ratio of total in plane irradi-
ance I (W/m2), to ISTC = 1000 W/m2; T 0 (�C) is the normalized module
temperature; ⌘ is the instantaneous relative e�ciency of the PV panel at a
given temperature, T (�C) and total in-plane irradiance, I.

From this we can calculate the capacity factor:

P

C
= I

0
⌘(I 0, T 0).

Huld et al (2010) define ⌘ as

⌘(I 0, T 0) = 1 + k1 ln I
0 + k2(ln I

0)2 + T
0(k3 + k4 ln I

0 + k5(ln I
0)2) + k6T

02

and provide coe�cients k1 � k6 for three di↵erent PV technologies, Crys-
talline Silicon (c-Si), Copper - Indium - Diselenide (CIS) and Cadmium
Telluride (CdTe) based on thin film technologies. Since c-Si technology is
well established and has been shown to perform relatively uniformly over a
large range of modules, we assume c-Si technology for this study and apply
the coe�cients below:

k1 = �0.017162, k2 = �0.040289, k3 = �0.004681,

k4 = 0.000148, k5 = 0.000169, k6 = 0.000005.

The normalised module temperature is defined

T
0 = Tmod � TmodSTC

where Tmod = Tamb + cT I is the module temperature, Tamb is ambient air
temperature, and cT is a measure of how much the PV module is heated
by solar radiation. Tamb is taken to be 2 metre air temperature T (�C).
Reasonable cT values for c-Si are 0.035 for a free-standing module, assuming
no wind and 0.05 for a building-integrated module. For this study we assume
a free-standing module and set cT = 0.035.

The model requires the 2 metre temperature T and the total in-plane
irradiance I. I is not given directing in the reanalysis data or the RCM
simulations, but can be calculated from the direct horizontal shortwave ir-
radiance, Ihdir and the global horizontal irradiance, Ihglob = I

h
dir+I

h
dif . (Where

I
h
dif is the di↵use horizontal shortwave irradiance.)
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• Where panel efficiency depends on the technology, the 
direction and tilt of the panel and the solar angles:

Solar Capacity Model



• Smoothed power curves 
represent wind farm power.


• Input: wind speed at hub 
height. 

• Or density adjusted wind speed.


• We assume different turbines 
for onshore and offshore 
locations.

Wind Capacity Model



Currently available: 

• A high resolution hourly wind capacity dataset for the Irish region 
1981-2016.


• A high resolution hourly solar capacity dataset for the Irish region 
1981-2016.


• A time series of hourly weather driven electricity demand for the 
Irish region 1981-2016.


Coming soon: 

• A 5 model ensemble of high resolution climate projections of wind 
and solar capacity in the mid term (2041-2060), and long term 
(2081-2100) under RCP 4.5 and RCP 8.5.


• A 5 model ensemble of future projections of weather driven 
electricity demand for Ireland.

Project Status:



• We currently have a historical (1981-2016) high-resolution model of 
wind and solar energy capacity and weather driven demand for 
Ireland based on MERA.


• Upcoming work will provide model-based mid and long-term 
projections of renewable energy resources and demand in Ireland 
under different RCP scenarios, and a measure of the associated 
uncertainty.  

• These  historical and future model-derived data will be useful in 
planning future energy systems and to provide typical supply and 
demand profiles under future weather regimes. 


Project Status:


