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Abstract

The intermittency of the wind resource may not seaély
match the consumers’ demand for electrical engfigyce,
the use of energy storage facilities will incretiee efficacy
and usefulness of wind energy, thus making winchéaa
more viable investment. This paper develops
methodology to couple Measure-Correlate-Predict FYIC
techniques and electric load forecasting methodh thie
scope of optimising the energy storage facilityingjzand
costs. A review of current MCP techniques and tetssd
load prediction methods is carried out, followed ay
review of energy storage technologies. The fingectve
is to formulate a methodology which brings togetakrof
the above into one tool which may be used to oggnthe
integration of energy storage with wind farms dejieg on
the availability of long-term wind resources, energ
demand trends and the chosen storage technology.

1. Introduction

There is today increased interest to integratehofs
wind farms with energy storage facilities. Diffate

energy storage technologies exist. Amongst these ar

pumped hydro, underground hydro, compressed air an
battery storage systems [1], [2]. Some technologies
offshore-based and include the installation of caaped
air or pumped hydro storage through the deployneént
underwater structures [3], [4]. Minimising the ogif
energy storage is crucial, especially in the cdsg#fshore
wind farms where costs of energy generation ané sti
comparatively higher than for other renewable eperg
generation technologies [5].

The design of energy storage facilities coupledwitnd
farms relies on accurate prediction of wind resesirand

on the energy demand over the entire project fifetiThe
Measure-Correlate-Predict (MCP) methodology is used
generate longer-term wind conditions at a giverdiate
site. Short-term readings from a target site areetated

to concurrent short-term readings from a single or
multiple reference sites, such as a nearby airfiuat,also
possess historical wind databanks.
correlations, the wind resource at the target iitehe
long-term can therefore be generated. One fundahent

Based on thes

Various types of MCP techniques exist, such as drine
Regression (LR), Variance Ratio (VR), Artificial bl
Networks (ANNs) and Support Vector Regression (SVR)
methods, amongst others [6], [7].

Energy demand takes the form of long-term demaedk p
demand, and load duration, such as daily or weekly
demand. In the long term, energy demand can change

to climatic conditions, economic growth and changes
people’s habits [8]. Various techniques such agfigigl
Neural Networks [9] and regression based techniques
[10], [11] can be applied according to the requitiede
span. Energy demand forecasting techniques invahes
analysis of trends, end-use of energy and econametr
analysis, with each technique having its advantages
disadvantages.

When using the above methodologies in isolatiore can
independently project wind behaviour and prediotrgn
demand. The study of the behaviour of energy storag
systems to changing wind patterns and energy derimand
the short- and the longer-term requires integratihg
above two projections. With the current need tegnate
energy storage from wind generation technologiesh&
gxisting electricity grid, these tools become l&xitin
Scope. This is also especially true in calculatitg
feasibility of any proposed project which involvesergy
storage. The relationship between MCP and energy lo
prediction methodologies is shown in Figure 1.

The challenges of integrating energy storage wihb t
electricity grid are mentioned below. A very short
description of available energy storage technokgied the
technical challenges for integrating this with gr@ is also
included. A literature review of existing works ting with
MCP techniques and electricity demand predictioals
conducted. The available methods are also compared.

The literature review identifies a knowledge gaat thxists
because there is no single model which integrales
projection and forecasting techniques into one whie
capable of predicting the behaviour of a largeesealergy
%torage system. Such a methodology is thereforagbei
proposed. This model will be tested for reliabilignd

uncertainty using the same mathematical techniguesh
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are used to test MCP and energy load predictionefsddr
reliability and uncertainty.

McP
Methodologies

Energy Storage Facility

Figure 1. Establishing a relationship between MCP
methodologies, energy demand prediction and energy
storage facilities.

The coupling of MCP and energy demand predictio
models will facilitate the design optimisation afde-scale
energy storage systems to be integrated with ofésiaand
farms. The methodology will enable the developmeit ¢
various scenarios for energy storage managemesutitirey

in an optimised wind-farm energy storage system.

2. Energy storage technologies

If renewable energy is to be a viable alternatiee t

conventional generation, it must result in a rencof the
baseload generation. With the penetration of rebéva
energy, the ability to manage an increased levebofble
generation will become critical. To manage this éased
variability, electric grids require flexibility inoad and
generation management [2].

When renewable generation comes online coincidétht w
low demand, it presents a further challenges beciusay
not be possible to ramp down the baseload of ther
generation systems. With the introduction of mdifshmre
wind energy to the grid, the addition of energyrate
systems becomes an option that utilities shouldicen in
order to increase reliability and to reduce thetsaosf

providing power when needed. Energy storage systel’?lg
such as Pumped Hydroelectric Energy Storage (PHE
[12], Underground Pumped Hydroelectric Energy Sterag0

(UPHES) [13], Compressed Air Energy Storage (CAE
[14] and Battery Storage [15] can be consideredvéie@r,

the energy storage system must be managed carefufi

Different management scenarios can be analyseddmtit
which strategy would result in an economical retesturn.
Various operating scenarios are possible with offshwind
farms and energy storage [16] and several pogahilfor
the integration of energy storage and renewableggne
generation exist [17]. One can therefore see tlpoitance
of analysing the different possible scenarios whigiti
need to be analysed and integrated into the mdded.
optimal size and cost of the energy storage systiéinalso
depend on the chosen scenarios.

Figure 2 shows the interaction between the eneegyathd,
thermal generation, wind energy and energy stooage a
36-hour period for a hypothetical island. The isldrad an
average energy demand of 350MW with a base load
capacity of 2560MW. The island also has an offshoiedw
farm consisting of 20, 5-MW wind turbines. The dewhan
load is reduced during the night-time and this cigies
with the wind farm increasing output. In order toturtail

the wind farm, 70% of the energy generated fromviirel
farm is used to charge the energy store. Therefoege is
some thermal generation above the base load. During
periods of high demand, with the wind energy redutlee
energy store is used to generate energy togettierwiiat

is available from the wind farm. During this peridkere is

no need for thermal generation to go above the loask
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Figure 2. Interaction between energy demand, thermal
generation, energy storage and wind energy for an island
scenario.

Energy storage could therefore be a key component to
ensure flexibility and reliability with a large petnation of
offshore wind energy and facilitates the alignmerit
renewable generation with loads.

mﬁtudies involving the use of pumped hydroelectriergy

integrated with wind energy resources have consdiéne
use of old quarries on the Island of Malta as aesfor
hydroelectric energy [18], with a study investigatitheir
integration with deep offshore wind [19]. Anotheudy
alysed different scenarios to optimise resermajracities
isolated systems which have a large renewabéggn
netration [20], while yet another study considere
ifferent scenarios for hydro storage in the Rejoubf
Ireland [1]. A type of hydroelectric storage haseibe
ggested as an undersea storage concept knoweoeas O
enewable Energy Storage (ORES) [3]. This is espgciall
suited for floating wind farms as the storage spberan
serve as anchorage points.

To date, no UPHES system, commercial or otherwias, h

been installed and used. However, an interestim@gtian

is proposed in the form of an Energy Membrane
Underground Pumped Hydroelectric Storage (EM-UPHS)
system [21].
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The two existing CAES plants, Huntorf in Germanyd anthe seasonal wind variations at a candidate sitseuch a
MclIntosh in the USA, have both demonstrated veghhi short period of time, knowledge of the inter-annual
reliability and economic feasibility. CAES can uséraad variability of the wind characteristic is impossbivith
range of reservoirs for air storage and has a modesich a short period of data. The statistical metkadywn
footprint, giving it greater siting flexibility retive to as the Measure-Correlate-Predict (MCP) technique, i
PHES. CAES is considered especially important fordwinproposed as a way of getting round this lack ofjtterm
balancing [14]. Recent research into CAES has alstata [28]. This makes use of historical wind datdese
resulted in the evaluation of the possibility ofdémnwater made available from nearby weather stations, fangte
CAES in the Gulf of Maine [4]. A further study showws&e an airport. These are known as reference stations. A
possibility of integrating CAES with Buoyancy Workrequirement with these method is that the shomter
Energy Storage (BWES) [22], which is a fairly novelmeasuring period for the wind data of the referestedéion
concept that is also applicable for direct couplvith wind must also coincide in length and date with a meagur
farms, especially if appropriate anchoring provisies period at the candidate site. The concept is basethe®
integrated in the foundations of the wind turbinegile assumption of the existence of a correlation betwie
they are being built. wind performance at the candidate and referenes.sit

Sodium Sulphur (NA-S) Batteries are also a versaative At first, MCP methods [29] only estimated the méamng-
emerging technology [15]. In this case, a 34-MW 420 term annual wind speed. Later, the most commongdus
MWh) Na-S battery facility has been in operation aMCP methods made use of linear regression (LR)
Rokkasho, Japan, since 2008, together with sewaher algorithms [30] to establish the relationship betwéourly
installations in the USA. Other classes of battefifeelude wind characteristics of the candidate and the eefez site.
flow batteries such as Zinc Bromine (ZBR) Batteriesl a More recently other models have been proposed which
Vanadium Redox Batteries (VRBs) [15], where comnagrc establish non-linear type relationships [31], [32kewise,
applications of such batteries are already in erig with automatic learning techniques have also been peohad

the largest installation being a 4-MW (6MWh) inkidbn  which particular mention can be given to techniqwésch

in Tomamae Wind Villa, Japan. Other commerciabmploy statistical learning algorithms such as B
applications for Vanadium Redox Batteries have bearetworks (BNs) [33], techniques such as Artifiddgural
developed by Cellstrom, a German company [23]. Networks (ANNSs) [34], [35] and the use of Suppo#ctbr

3. MCP techniques for the long-term Regression (SVR) [36]
projections of wind energy A very comprehensive review of MCP techniques isied
out by Carta et al., [6] in which a very wide véyief MCP
techniques is examined. In addition, the researso a
describes various wind energy software applicatifors
long-term wind energy forecasts. Such applicatiamns
WindPro® [37], Windfarmer [38], Mint [39] and
WindLogics® [40], which all include the MCP technégu
mentioned above. Amongst others, the MCP methodzsog
which were reviewed by the authors include thosed&fo
ingle reference station which include techniguashsas
e method of ratios, those based on first-ordeedr
regression, higher than first-order linear methodsn-
linear methods and probabilistic methods. Methogiel®
with multiple reference stations include the us®afesian
4\Ietwork classifiers to estimate the long-term wsuked
requency distribution at a site with few wind resme
measurements and the use of Artificial Neural Nekso
1[27]' [41].

An accurate estimation of the mean values of thedwi
performance of a candidate site for a wind farrdifcult
with less than 10 years of data. Since wind charatics
vary over time (diurnal, seasonal, inter-annua)][425],
[26], historical series of wind data measurememts &
candidate site are required for an evaluation ddt th
variability. When it comes to estimating the ecomom
feasibility of installing a wind farm at a candidatite, this
element of uncertainty needs to be somewhat reduccf
Some authors maintain that at least 5 years’ waofrtvind
data for a candidate site is required [26]. Othehars also
argue that 20 or even 30 years of data is indigi#edor
the long-term characterisation of a wind resoutoethe
majority of cases, there are no historical win
measurements available at a candidate site. Thelasthn
way to resolve this issue is to carry out suffitieriong
measurement campaigns at the candidate sites, hizit
involves an often unacceptable postponement of

decision as to whether to install the wind farrmot. [ﬂ?ogers et al [30] compared four linear MCP algonsh

which included the standard Linear Regression, aeiod
which uses distributions of ratios of wind speettha two
r%tes, a Variance Ratio method and another metivhith

is based on the ratio of the standard deviationtheftwo
data sets. In this case the authors concluded ttiat
Variance Ratio method gave the best results. Gthtrors

[7], evaluated three MCP methodologies which arsetia
on a concurrent wind speed time series for twassi@ne
method included Linear Regression, which was derived

In one particular case on the Canary Islands [&d,time
between publication of the tender documents and f
deadline of proposals by an investor was very &nhit
Consequently, there was little time available torycaut
wind measurement campaigns, as investors normalk h
about one year to analyse the wind resource ahdidate
site. While it may be possible to acquire inforrmatabout
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from the bivariate normal joint distribution and il

probability density functions applied to the
distributions of the reference and the candida#ssiThese

and load prediction and to determine the optimurargn
Regression. The other method was based on coralitiostorage capacity for a wind energy source, whikintathe

is now discussed.
included a Linear Regression approach and a Weibull

jointforecasted electric load into consideration. Loaedmtion

r

[¢]

5
h

t

Regression approach. The results from these twdiCP Type Advantages Disadvantages
methodologies were in turn compared to the Varidago |-Methodology . (Limitations)
thod [30]. Although concluding that the VariariRatio Methods of Variance Proposed as anls based on &
me . g g Ratios Ratio (VR) | alternative for| assumption of a linea
method predicted all the parameters very accurately Method the limitations | relationship betweer
probability density function which was based on the of the Linear| the reference and th
Weibull distribution stood out as far as predict@curacy ﬁee?ﬁiis'(’" %?%C\’A'gaf ?:itgher ove
was concerned. Found to be| of errors for when
relatively compared to ANNSs.
Zhang et al., [42] proposed a hybrid MCP methodgplty accurate in
assess long-term wind data. The hybrid methodologg w| g“ci’;éions
used to compare results from four MCP methods. They;rogs Cnear Most Can Tesull i biased
conc!qded that the accuracy of the methqd was Veryased on Regression | commonly used| predictions of wind
sensitive to the combination of the individual MCRB regressions (LR) methods  useq speed distributions.
algorithms. In another study, Velazquez et. alf] ame to method with a single| Has a limited
. . reference capability and requires
the conclusion that ANN methods were superior toept station a significantly high
methods in. forecasting long-term vyind data. The ansth level of correlation
came to this conclusion after running and compathe between the referenc|
errors on nineteen scenarios for the data fromedarence g"d the Ci‘”‘i‘dﬁ‘fe S't‘lfl
. . . . oes nNo (o] we
stations and a candidate site on th_e Car_lary Isldndbis when  between  sites
case, the dgta sets were divided into dlff_erenseslsbfor whose distributions are
training, validation and test data. The trainindpset was Weibull distributed.
used to estimate the parameters of the ANN, wHike t| Probabilistic | Weibull | Based on| Still  requires a
validation subset was used to check the ANN trginithe | Methods Distribution ‘;"(':izgte § z'egt':‘h'lfe'fr‘]”t C‘f;]i'j‘rt;‘;?]
test data_ subset was then used to compute thenpegee distribution measurements o
error. This was an independent measure of how well t models. candidate and
model was performing. The models used to perform the Improved reference sites.
long-term data were built using 100% of the availab prediction
accuracy when
short-term data. compared  to
methods base
Another more recent method which is gaining popiylas on linear
H H regression.
E)he S(;lpport V.eC.tOI’lFxl’egI’e.SSIon metthd(.)IOgy (SVE R)s TShI Computational| Atrtificial Can compute| Requires considerabl
ase. on statistical learning [43]. T e Input to IS Intelligence Neural data from| computational powe
the wind speed at one reference site and outptiteoSVR | Techniques | Networks | multiple and may be time
is the wind speed at the target site. The SVR imdch (ANN) reference consuming.
using the concurrent short-term wind speed at kibth stations. wil behave
X . . Able to | differently when
reference site and the target site. The long-termt\speed recognise subjected to differen
at the target site is then predicted based ondhg-ferm patterns in a| learning algorithms.
wind speed at the reference site [42]. nor:Sy ) or
otherwise
. . complex data
To assess the best MCP technique, however, itss a envifon);em_
necessary to quantify and model the uncertainty twed Generate lowe
level of error in the MCP method. It is necessany t errors and
compare the various MCP methodologies and then use Eirgr?:rcelevel 0";‘
established metrics [41], [42] such as, the Meaisolite certainty than
Percentage Error (MAPE) [44], the Mean Squared VRM methods.
Percentage Error (MSPE) [45] and the Mean Absolute Support Becoming very| Requires considerabl
Error (MAE) [46] to better establish the credibiliof the Vector | popular within| computational ~powe
t Table 1 below is shows a cisoma Regression | the renewableg and may be timeg
resource assessment. . o1 (SVR). energy consuming.
of the different MCP methodologies. community due
to statistical
In this research the MCP methodology is being used learning
conjunction with Energy Storage and Electric Load _capability. -
able 1: A comparison between various MCP

Forecasting; one of the aims being to establish thrﬁethodologi%[G],MZ],[27],[47].

relationship between MCP methodologies, energyager
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4. Energy demand prediction modelling

With increasing drives towards efficiency in thegly of
electrical energy, both for economic and environtalen
reasons, accurate prediction of electricity demandtal if
generating capacity is to be closely matched tad#mand.
In 1984, an improvement in forecasting accuracyl®
was estimated to yield savings of approximately GEP
million per annum in operating costs [48]. The detation
of the electricity markets and the increasing sdilion of

Energy demand prediction can be done using a vaokty
modelling techniques [48]. Mathematical techniques
include Structural State-Space techniques [48],eBiayn
methods [52], the Box-Jenkins methodology [45],][a6d
computational intelligence techniques [9], whicltlide
Fuzzy Logic and Artificial Neural Networks [53], [18

Dannecker [10] describes the current state of gnerg
management and forecasting. In his work, he dessrié
methodology which is based on an iterative apprdédéh

renewable energy sources has changed the elactriclg proposes that the forecasting method be divided
market from a static one-day ahead market to abilex o phases, which are the actual forecasting are th

real-time market that allows interaction betweere thmaintenance of the model. This is shown in FigurasSin

participants [10]. Energy demand profiles may bangdef
as daily, medium-term and long-term.
predictions are used for strategic planning of gatimey
plant [49]. Methodologies for long-term predictiomill
therefore be analysed.

the case of MCP techniques, the decision on theusdsy

Long-terMepf the model depends on the metrics chosen to rdeter

the uncertainty or the prediction error. Again this case,
these are classified as Mean Squared Percentage Erro
(MSPE), Mean Absolute Percentage Error (MAPE) and the
Mean Absolute Error (MAE).

Long-term demand predictions are dependent on akever

factors. The long-term energy demand pattern witleshe
on changing climatic patterns [8]. Hor et al., bBthed a
correlation between the demand and climatic vaegklich

Table 2 compares the various energy demand predictio
techniques and shortlists their advantages andaliimns.
The table shows that the technique chosen will dimen

as temperature, degree days and enthalpy laterst @y he timescale under consideration. It is theref@m likely

produce a long-term forecast. Another study [499veh

that the methodology used will include econometric

that demand values display a strong cyclic patterfhethods, but it is too early at this stage of theearch to

reflecting the change in temperature throughout ytbar.
The demand curve also changes depending on
prevailing weather conditions. A further study e tsame
authors [50], shows that in addition to climate,ather,
holiday patterns and economic parameters can #her
demand curves, e.g., during an economic boom,eheadd
may increase. Swider et al., [51], showed the depecy of

discount any methodology. The chosen methodolodly wi

theed to be analysed by establishing its level cktainty.

As shown in Table 2, not all methodologies can kesder
long-term prediction [54].

5. Methodology

the demand on season, working days and weeken8sl Research Questions

holidays, etc., when deriving a model to calculde cost
of integrating wind energy into a stochastic eletr
market model.

Mode
|dentification

Forecast Calculation Model Maintenance

n Time Series H Updated Time Series n Forecast Model n Forecast Values

Figure 3: Energy demand forecasting methodology [10

The above review serves to prompt further researcdhe
use of prediction methods to analyse the operatbn
energy storage systems coupled to offshore winthdait
also highlights the need for the following quessian the
field of MCP techniques, energy storage, and energy
demand prediction:

* Which MCP technique best suits integration of
offshore wind energy and energy storage? Will the
technique change when energy storage is involved?

*  Which demand prediction technique is best suited fo
use with energy storage modelling?

 How can MCP techniques be integrated numerically
with energy demand and energy storage models?

e How can MCPs and energy prediction models be
combined to predict the long-term overall efficignc
of offshore wind farms with integrated energy
storage?

* What is the role of such models in optimising the
sizing and utilisation of energy storage?

The literature review for both MCP and demand pr@sfic
methodologies shows that both methods have theimm ow
uncertainty and reliability issues. The combinatainthe
two models will increase the uncertainty, and itnist
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known how this effects the predicted storage capaci

requirements.

Method Description Advantages Limitations
Trend Done in terms of Easy data| This is only
one day to & availabilty and| suitable for
week and plays a fast processing of short-term
very important| information. forecasting.
role in a power| Tools are
system’'s  basiq commercially
operating available.
functions.
Similar Day Analyses the High, short term| Prediction
natural pattern of| forecasting accuracy
the power load| accuracy. Several decreases with
and the| computational increased
forecasting day’s| tools (ANNS, | time-span.
weather features Fuzzy logic, etc.)| Pre-processing
to define specific| can be used. of the data
parameters which (training sets)
can be compare has a strong
to previous days impact on the
with similar model’s
characteristics. performance.
End-use The method use¢sSuitable for long-| Model's
the impact of| term forecasting| accuracy is
energy usage Can simulate| highly
patterns of| demand changes dependent or
different if new | the
devices/systems | technologies are information
in the overall| introduced or| from the
energy consumption consumers. I
consumption in & patterns change. | the
disaggregated consumer’s
approach. sample is too|
limited, the
model cannot
simulate large-
scale demand
forecasting.
Econometric | These models Suitable for long-| Historical
combine the| term forecasting| electrical data,
economic theory| and simulation off economic and|
and statistical| different demand behavioural
analysis for| scenarios and components
forecasting technologies for the same
electricity implementation. | consumer’s
demand, by population
establishing the| sample is
relationship required  for
between energy building  the
consumption and model.
the factors that Otherwise,
influence it. extrapolation

is required and|
this lowers the
model’s

accuracy.

Table 2: A comparison of the different methodologies for
prediction of energy demand [54].

Therefore, the following research questions wiloaheed
to be addressed:
* Which are the most reliable MCP and energy demandll determine the best combination of MCP and detha
prediction methods?

« What is the level of uncertainty resulting from the and error.

different

coupled MCP and energy demand
prediction methods? How does this impact the Figure 6 presents a flowchart

energy storage systems integrated with offshore
wind farms?

5.2 Research Needs

Several studies on energy demand modelling andygner
storage have been conducted, but no connectionebatw
MCP methodologies, energy demand and storage has ye
been made. A methodology for interconnecting MCP
techniques and energy demand prediction modellaegls

to be developed to optimise the integration of éasgale
offshore wind farms with energy storage. This
methodology should serve to determine the behawabur
an energy storage system vis-a-vis wind behavenergy
demand and storage availability. It should alsorjol® an
accurate model for the feasibility analysis of béfse
wind farms supplying dispatchable energy throughube

of energy storage facilities. The different aspectsvhich
the required methodology is based is shown in Eigyr
which is also a high-level depiction of the intedde
research approach.

Energy

Technologies

+ Compressed Air

* Pumped Storage
Systems

* Underground

‘Pumped storage
Systems
* Thermal

"

Methodolagy for coupling
MCP Techniques with
energy demand Prediction
for determining the energy
storage capabilities for
offshore wind farms

!

* EnergyStorage Capacities,
* Energy Yield,
* Levelised Cost of Energy,

Measure  Correlate Storage

Predict Methods:
Linear
Methods
Variance
Methods,
Weibull Regression
Approach,
Artificial
Networks,
Support
Machines

Offshore
Wind
Technologies

NES Farm

Ratio

Neural !

* Support  Vector
Machines,

* Fuzzy Logic

Vector

Res

Figure 4: Integrating MCP techniques with energy demand
prediction models.

Different methodologies for combining MCP technigue
with energy demand prediction models in order to
determine the energy storage capacity of offshoned w
farms need to be explored. Figure 5 shows possible
combinations between the several MCP and demand
prediction methods. Every combination will need te b
analysed and tested for its reliability and undetya This

prediction methods, which will provide the leastenainty

for a generalised

design optimisation and operation modelling of methodology being proposed and which will be agblie

further work. This will be based on the minimisatimithe



errors and uncertainties in the wind prediction, tive
energy demand prediction and those in the mergatemo

short-term data will be used to project the winthdat the
target site. The energy demand data will be useuliiol

the prediction model with some of the data beingduto
test the model. The comparison of actual data to the
predicted data will be used to estimate the ernod a
uncertainty of the model. Once the optimal MCP and
energy demand prediction models are establishegl, th

Energy Demand
Prediction
Method 1

MCP Method 1
Energy Demand

Prediction
Method 2

Energy Demand
Prediction
Method 3

Energy Demand
. Prediction

Method m-1

W Energy Demand

available data will be used to establish the adtehlviour
of the energy storage system according to the ksted
strategy for its management. A model for its bebaviwill

be established, using part of the data availabkestsdata.
The comparison of the actual behaviour and the datt
will establish the uncertainty of the model cougliMCP
with energy demand prediction.

Available\[\find Data

Long term data at reference

Prediction Reference site date site Caleulation of
Method m - Error and
; Predictad uncertainty for
Figure 5. The possible combinations resulting from L datafor target site MCP methodology
coupling different MCP methods and energy demand
prajl ction methods. Foey Actual behavior of ener, et Calculation of
managewent ey al actual error and
. . . o scenario behaviour uncertainty for
The final outcome is to derive a value for an ojseud — combined MCP and
energy storage capacity, energy yield and a minimu behaviou demand prediction
Levelised Cost of Energy taking into consideratithe RENFety technigue

lifetime of the wind farm and

infrastructures.

energy storage

madel
Available Energy Demand
De}ta

Wind dataseries, Eneray e
demanddata " I ¢
reier.ence a_mj i i Data used to build and iy Calculation of
:arj_dldate;,ate - el error and
Parametes Anply enerey uncertainty for
~ G energy demand
Applyvarious McP affecting demand S i
MCP technigues Parameters Energy prediction Data prediction technigue

demand technique Review
enerey
prediction

parameters

Review MCP

0! e
parameters Gl

Compare erar,
error, o . uncertainty

uncertainty

Most Most Reliable
: Define merge Energy
Reliable technigue arediction
MCP? Methodology?

Review Compare ermar,

MErge uncertainty
parameters

Mostreliahiz eriv . End

merge acity conditions
technique?

No

Financial

parametErs
required capacity

Figure 6: The proposed generalised iterative methodology
in the form of a flow chart.

Figure 7 shows in detail how the available datd
utilised. In the case of the MCP technique, thegiand

Figure 7: Utilisation of the available data to establish the
model for the behaviour of the energy storage system.

6. Conclusion

The penetration of renewable energy can only bentake
step further if it is used in conjunction with eggistorage.
Despite the fact that accurate wind speed predictto

considered to be of fundamental importance for the

evaluation of the wind resource at a candidate gigre is
still no connection with energy storage and enelgmand
by end consumers. This paper highlights the resesetls
for addressing this matter, presenting a methogolog
integrating MCP techniques with energy demand ptixt
models. The methodology depends on the capabilithef
various techniques to be merged together, givifayecast
for the storage and dispatch of energy from offsheind
resources. The accuracy of the model is definedrdiomp
to its capability to provide a prediction with theast error
and uncertainty. In the end, the model should tgested
to different scenarios in order to obtain an optidi
energy storage capacity and an optimised wind fsize.
The outcome is to use the model to calculate thellsexk



Cost of Energy and to make an economic feasibitigys

of the optimised system.

The application of the proposed methodology wildli@ss

the several questions which have arisen as a reftifte

above analysis, namely as to how MCP techniquesggn
storage and energy prediction techniques will behalren

(12]

merged together as a single model. The outcome dheul (13]
the optimised setup for the energy storage facility
integrated in offshore wind generation plants.
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