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Abstract— To accommodate with the global increase in the
deployment of solar photovoltaic (PV) and energy storage
system (ESS), a deterministic approach for sizing PV and
ESS with anaerobic digestion biogas power plant; to meet a
load demand will be presented in this plenary session. This
aim is to maximize the sizing of PV to increase the security of
energy supply. Energy economics for ESS will be a focus.
Case study based on real-life data will be used to
demonstrate the validity of the new approach.
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[. INTRODUCTION

There have been many discussions and studies under
different scenarios on energy generation fully based on
100% renewables in 2050. Some of the most possible
candidates are wind and solar [1,2]. In this paper, solar is
the focus. Solar energy is a clean and sustainable energy
resource. The solar potential (50 * 10?'J) based on the
availability land area greatly exceeds the humankind
energy consumption (0.376 * 10*' J) as of 2012 [3]. With
zero fuel-cost, it is one of the most highly anticipated
energy for electricity production. However, several critical
issues need to be addressed for a reliable and economical

system. Solar is a diurnal and intermittent source of energy.

The irradiance is related to the atmospheric and weather
conditions [4].

Large amount of solar data is required to perform solar
energy system planning and operations [5]. To handle the
big data, data analysis based on simple compiling such as
correlation and analysing the data is not adequate. Data
analytics is the study and implementation of effective
algorithms and methodologies for data analysis.

II. DATA ANALYTICS FOR SOLAR

Clearness index (CI) is a useful indicator for solar resource
[3-7]. It effectively displays the expected resource
availability and the underlying weather perturbation. A CI
of one indicates the expected maximum potential is
received, whereas zero indicates a completely block of
solar irradiance. A useful clustering algorithm for daily CI
profile is presented in [7] for solar PV system planning.
Fuzzy C-Means with Dynamic Time Warping distance is
an effective tool to extract patterns from the CI data set.
Fig. 1(a) depicts the clearness index for four seasons with

each color represents a day. It can be seen that Winter has
the most ‘clear days’. Fig. 1(b) shows the clustering results
for the Summer data set. The black line is the average with
the blue and red lines are the plus one and minus one
standard deviation. Each cluster is distinctive and shows
solar variation for a day. To study the usefulness of
clustering for hybrid energy planning, the clustering
method was successfully applied to a hybrid energy
system sizing problem in [8]. The system sizing problem
and techno-economic analysis will be explained in the
remaining paper.

Here, the optimal sizing is defined as the sizing to achieve
the minimal levelized cost of electricity (LCOE). For the
stand-alone hybrid renewable power system, this is
achieved by determining the balance of energy supply and
demand. When the system is oversized (surplus energy is
more than the deficit energy), energy wastage will occur
and LCOE will increase. The undersized system will cause
the energy imbalance issue and lead to a reduced energy
security.

Energy security is defined as “consistent availability of
sufficient energy in various forms at affordable prices” [9].
International Energy Agency (IEA) defines energy
security as “the uninterrupted availability of energy
sources at an affordable price” [10]. Hence, energy
security considered here is the availability. The risk with
undersized or reduced availability will be the increasing
trigger of power outage and unintentional voltage drop in
the hybrid system.

IV. SYSTEM SIZING PROBLEM

Since the marginal cost for PV is close to zero, AD has a
higher operating cost, i.e., fuel cost and hence it is less
affordable and reduces the security of supply. Therefore, it
is ideally to maximize the use of PV to meet deficit energy.
A security of supply index is defined here, which presents
the percentage of days that the deficit energy will be met.
Ideally, this index should be maximized. This is defined in
Equation (1) as follows:

Number of days for Eg,p1us = Epeficic £100 (1)

Security of supply =
ty PPy Total number of days

Fig. 2(a) presents the required panel areas for each day to
achieve the system energy balance, i.e., Esupus = Epeficir
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with EES. To understand the boxplot results, a histogram
is presented in Fig. 2(b) to give the distribution of the solar
farm rated capacity with respect to the number of days.
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Fig. 1: a) CI for four seasons b) clustering results for Summer [5].

IV. COST BENEFIT ANALYSIS

Cost benefit analysis concerns with comparing the benefits
and costs of an investment [11]. For engineering systems,
techno-economic studies are commonly performed for cost
benefit analysis, to examine if and how an investment, e.g.
include storage can be a sound decision [12-15].

The economics for storage is attracting an increased
attention. It is a complicated matter as storage is not a
form of generation. The term levelized cost of storage
(LCOS) was explored in [16] which is solely used for
comparing storage technologies. The equation is of similar
nature to LCOE. As the energy stored in EES comes from
a generator, the term levelized cost of delivery (LCOD) is
proposed to accommodate the generation cost. The LCOD
is given as follows:
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Fig. 2: a) Panel sizing results histogram b) histogram for results
[6].

Cin, is the fixed and variable costs for generating the
electricity to be stored in EES ($), Cggg is the fixed and

variable cost of EES ($), Eint (kWh) is the energy input

to EES, # is the round-trip efficiency (%), r is the discount
rate (%), ¢ is the year, n is the system lifetime in years.

IV. FUTURE WORK AND CONCLUSIONS

This plenary paper presents a data analytics method for
solar energy. This is applied to a solar hybrid energy
system sizing problem. Then, the economics for storage is
discussed with a focus on levelized cost of electricity.
Currently, most work focus on the economic studies for
the hybrid energy system. Financing models will be
important to realize how stakeholders of the energy system
will influence the system economics. Energy system
models for storage and renewables will need to effectively
and efficiently accommodating the intermittent generation,
and this needs to be reflected in the economic and finance
models.
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