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Abstract

This master thesis provides a comprehensive overview of Big Data analytics applications in the
energy sector, with a special focus on the opportunities for Iberdrola. Data volumes have been
growing exponentially in recent years. Penetration of new technologies contributes to the generation
of data in various structures. Once analyzed, this large and complex data can create business value
for organizations. The field that is dedicated to tackling the size and complexity of data is referred
to as Big Data. The energy sector holds a vast amount of data received from each part of its value
chain. Further, it is undergoing a transformation where the systems are getting more decentralized,
customer demands are growing and regulatory pressure on mitigating climate change is larger than
ever. These trends make Big Data analytics a promising tool to adapt to changes while creating new
business opportunities. To determine the potential of Big Data analytics, value chain of the energy
sector was divided into parts according to their relevance to data sources: generation, transmission
& distribution network, flexibility management and customer relations. The activities of electricity
utilities and value propositions of companies that use Big Data to create products & services were
analyzed. Further, other sectors that are similar to energy in terms of data size and structure were
investigated. If applicable, business models that are derived from these applications were identified.
Lastly, a business case suitable for Iberdrola was elaborated by using business model canvas and SWOT
analysis methods. The results show that real-time visibility of the assets together with predictive
analysis enables optimal operations both for generation and transmission & distribution network.
The operational costs are driven down by better asset performance management and enhanced field
worker productivity. For renewable energy generation, weather-related uncertainties are reduced which
leads to the increased adoption of these technologies. It was found that applications in flexibility
management create various business opportunities. Big Data analytics is used to aggregate and
operate distributed energy resources in near-real time. Meanwhile, it is used to provide services for
residential, commercial and industrial end-users which leads to involvement of more DER assets in
flexibility management programs. These operations are either run by utilities or aggregators. From
customer relations standpoint, utilities convert their customer related data into energy insights to
provide services for their customers which leads to a better engagement. Based on various applications
identified, Iberdrola Efficiency Shop, a business idea that converts smart meter data into energy advice
to drive customers to purchase more efficient home appliances, was elaborated. The case study showed
the potential of Big Data analytics to create a new line of business for utilities.
Keywords: Big Data analytics, Electric utilities, Energy sector

1. Introduction

Penetration of technologies such as sensors, smart
phones, online shopping and social media resulted
in an exponential growth in data generation. A sim-
ple daily life activity such as a post on social media
or credit card use is enough to produce data about
location, finance, sales, etc. It is estimated that 2.5
quintillion1 bytes of data is being generated daily
and the growth pace is so rapid that 90% of the
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data in the world was generated only in the last
2 years [1]. International Data Corporation (IDC)
estimates that global data volume will reach 163
zettabytes (ZB)2 by 2025, nearly 10 times the 16.1
ZB of data generated in 2016 [2]. This vast amount
of data, through analysis, becomes valuable infor-
mation, which can be converted into knowledge to
gain new insights. This value has been acknowl-
edged by businesses which led to a high interest

2Equivalant to 1021 bytes
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towards Big Data3.

The energy sector is undergoing a tranformation.
The declining cost of ownership for distributed en-
ergy resources (DER)4 with technological progress,
is enabling a higher market penetration. Incentive-
based policies contribute to the adoption of DER’s
as well. An increasing number of DER’s is chang-
ing customers into prosumers5. This situation chal-
lenges utilities to meet a growing number of cus-
tomer choices and demands while continuing their
businesses. Higher number of DER’s, together with
promoted energy efficiency causes a market ero-
sion for traditional utilities. Moreover, having a
large amount of distributed power producing and
consuming assets makes the grid unstable, compli-
cating the asset management. From a regulatory
standpoint, some innovative regulators see the op-
portunity to allow new players in the sector, such
as aggregators6, bringing more competition in the
sector. To tackle climate change, policy makers put
a pressure on the sector to cut the green house gases
(e.g. EU Emissions Trading Scheme, COP21, En-
ergiewende) and set a target to increase the share
of renewables in the generation mix. Growing envi-
ronmental concerns and competition make utilities
more vulnerable to public opinion. Lastly, emerg-
ing technologies such as IoT and smart grids, smart
meters and devices enable two way communication,
increasing connectivity, controllability and automa-
tion of the entire value chain of the sector. Based
on the trends above, the traditional utilities who
are loyal to business models from the 20th century,
will be disrupted during this transformation. A sur-
vey conducted by PwC with 70 utilities shows that
97% of the participants are expecting a disruption
in their business by 2020 and 73% anticipate a ma-
jor business model change by 2030 [3]. Big Data
will be a major decisive factor to define the win-
ners of this rapid change in the sector. However,
due to its infancy stage, Big Data is not truly em-
braced by the sector. According to Accenture Tech-
nology Vision, only 28% of the businesses think that
they are creating value out of their data while 40%
accept that they need a plan to implement it [4].
Big Data will play a key role in the following years,
and therefore having a comprehensive overview of
the Big Data applications in the energy sector re-
lated to business intelligence will be very helpful for
utilities. From an academic perspective, Big Data

3Big Data is written with capital letters along the paper
to emphasize the phenomenon, not only the large amount of
data.

4It is a comprehensive definition for entire resources con-
nected to distribution grid (e.g. solar PV, small, batteries,
CHP and so on.

5A consumer who can also produce.
6An actor in the sector who aggregates a load capacity

from DER’s and offers it in the energy market.

applications in electricity sector are still relatively
unexplored. There are several overviews, featuring
the applications of Big Data in the sector. How-
ever, their scope do not go beyond certain sections
throughout the value chain (e.g. smart grid, dis-
tribution grid). Moreover, they do not present a
holistic approach, including the companies, busi-
ness models and current activities of utilities.

Iberdrola is a Spanish based utility, serving over
32 million customers in Spain, the UK, the USA
and Brazil. The company was ranked the world’s
fourth largest utility in terms of R&D&I7 invest-
ments [5]. Iberdrola Ventures-PERSEO is the ven-
ture capital program of the utility. They aim at
fostering innovation in the energy sector by giving
investor support to entrepreneurs. Therefore, the
team is always up to date about new technologies.
The opportunities of Big Data analytics for utili-
ties drew attention by Iberdrola Ventures-PERSEO
and they wanted to have a comprehensive overview
of the technology, specifically its operational and
business opportunities for utilities. In light of what
have been said, the purpose of the study is to iden-
tify the current applications of Big Data analytics
for each part of the energy sector value chain.

1.1. Research Methodology

A research methodology was structured as shown in
figure 1. It is a general to specific approach, starting
with reaching out to as many resources as possible
such as academia, reports published by companies
and institutes, white papers, press releases, on-site
venue visits, direct contact with company represen-
tatives, company websites, etc. Analysis of com-
pany activities is the essence of research methodol-
ogy. It reveals the real business value of Big Data
analytics since it contains information about latest
updates in the sector. It also leads to identification
of innovative business models together with the ap-
plications. Hence, utilities, companies which lever-
age data to create products & services in the energy
sector and other similar sectors were investigated
and their activities were converted into applica-
tions. To create a holistic overview, the entire value
chain was divided into groups according to their rel-
evance to Big Data analytics: generation, transmis-
sion & distribution network, flexibility management
and customer relations. Later, these applications
were grouped accordingly. If applicable, business
models enabled by these applications were revealed.
To emphasize the business value of Big Data ana-
lytics, a business case which uses Big Data analytics
was elaborated by using business model canvas and
SWOT analysis techniques.

7R&D&I stands for research, development and innova-
tion.
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Figure 1: Research methodology: From general to
specific approach

2. Big Data
Big data is still in its infancy stage of development,
and thus there is not a consensus about the defi-
nition of the term. In general, it can be defined
as an extremely large amount of structured or un-
structured data that is not possible to manage with
conventional data management techniques. How-
ever, this definition does not capture all the aspects
of Big Data. Therefore, a 5V concept which in-
cludes volume, velocity, variety, veracity and value
was proposed in literature. Volume is associated
with the cumulative sum of the data stream which
can reach up to zettabytes. Velocity corresponds
to the rate of data used to support the interactions
and generated by interactions. As the applications
which use data become more complex, the velocity
of data interaction increases. Consequently, data
cannot be stored without processing. For instance,
IBM’s hospital monitoring application collects and
analyzes more than 100.000 data point per patient
per second [6]. Variety refers to differences and in-
compatibility between the data types, sources and
structures. The data format can be in the forms
of documents, emails, text messages, audio, im-
ages, video, graphics data, and others [7]. Verac-
ity describes the degree of reliability of the data.
Provenance, quality and noisiness of the data de-
termines the veracity [8]. Provenance is the track-
ing and recording of the original data. Ideally, us-
ing the original data is preferable as it improves
the accuracy of processing. Data quality is about
objectiveness of data. Many resources such as so-
cial media contain subjective data and processing
subjective data might result in meaningless conclu-
sions. Lastly, noisiness of data corresponds to un-
certainties in the datasets. For instance, the labels
of datasets might be inaccurate, and thus degrades
the veracity [8]. Value is the monetary worth added
to an organization by implementation of Big Data
[9].

2.1. Big Data Analytics
Big Data analytics can be divided into four parts:
data generation, data acquisition, data storage and

data analysis [10]. Data generation and acquisition
cover the exploitation of raw material while data
storage is needed to keep the data until it is used
in the analysis part, where data is converted into
value. From the objective perspective, entire Big
Data analytics can be categorized as descriptive,
predictive and prescriptive analysis [11]. Descrip-
tive analysis aims at determining the reasons of inci-
dents by exploiting historical data. It is commonly
used in business intelligence. Predictive analysis
refers to capturing future trends and possibilities by
predictive modelling. Lastly, prescriptive analysis
focuses on decision making by observing a system.

3. Generation

3.1. Wind Energy Generation

In wind industry, Big Data analytics is used for bet-
ter resource assessment and operational excellence
which leads to reduced costs. Precise placement
of a wind turbine has a big impact on its perfor-
mance. The windiest location doesn’t necessarily
mean the best choice to erect a turbine. Turbu-
lence is a decisive factor for the service life of the
turbine since it strains the components. Besides,
having the precise information of a location allows
virtual layout of the wind farm before the invest-
ment is made. This proactive approach allows the
right configuration of the turbines to be obtained
such as tower height and rotor diameter. Vestas,
a global wind turbine producer, combines meteoro-
logical data from 35.000 weather stations with the
company’s historical operational data from 50.000
wind turbines worldwide to obtain a more precise
windmap. The size of the data is approximately
2.8 petabytes and includes 160 factors such as tem-
perature, barometric pressure, humidity, precipita-
tion, wind direction and velocity elevation, topogra-
phy, and satellite images [12, 13]. The company was
able to reduce its wind data grids from 27x27km to
10x10m by using the IBM InfoSphere BigInsights
Big Data analytics tool [12]. Most of the faults
give the early signals before they lead to a break-
down. The signal can be a change in the vibration
or a deviation in the temperature. The challenge
is to capture these anomalies for each component
of every wind turbine in real-time. Big Data an-
alytics allows a better asset management by pre-
dictive maintenance. Siemens succeeded detecting
a bearing failure one year prior to the deadline of
replacing it [14]. It results in a reduction in un-
planned downtime of the turbines, and thus an in-
crease in the availability; prevention of costly emer-
gency repairs by detecting problems early; reduc-
tion in unnecessary routine maintenance which in-
troduces risks and decreases availability; reduction
in inventory costs since decision-making on spare
parts storage and logistics is based on failure rates.
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Once the operations are more visible in near-real
time scale, daily activities in a wind farm, and the
work plans can be automatized. The unpredictable
nature of wind is limiting its value. The indus-
try has been developing weather forecast models
to overcome this uncertainty. Big Data analytics
is capable of increasing the accuracy of the fore-
casts with a longer lead time. HyREF, developed
by IBM, is a software which analyses large volumes
of sensor-collected weather data and instrument-
collected power data in order to forecast power out-
put of a wind farm with high accuracy. It is able to
estimate power generation with over 90% accuracy
up to four days lead time [15].

3.2. Solar Energy Generation

In solar industry, non-hardware related costs result-
ing from customer acquisition, installer overhead,
financing, contracts, inspection, permitting, inter-
connection, and installation labor are called soft
costs, adding up to 33% of the total cost [16]. Big
Data analytics is able to reduce the soft costs by
offering smarter marketing strategies, more precise
preliminary investigation of the projects and facil-
itating the financing for solar developers. Being
a weather dependent energy source, solar projects
hold uncertainty. The risky nature of the invest-
ment results in higher interest rates. Moreover,
unlike wind, solar projects are mostly developed
by smaller size companies which don’t have perfor-
mance guarantees. Gathering data from more than
70.000 solar projects on its platform together with
its risk management software kWh Analytics, a US
based start-up, aims at being the trustful 3rd party
to investigate project performance for the investors.
This will decrease the interests on solar project
loans by increasing the credibility of the investment.
The location of a solar farm determines its prof-
itability due to the distance and conditions of the
distribution grid. Kevala, a Big Data analytics com-
pany, maps the node and substation locations and
ranks them according to their profitability by taking
into account the energy value derived from annual
hourly solar production through weather data and
historical wholesale prices. This helps investors to
narrow their site search down to more profitable lo-
cations. The company provides these services by
gathering various publicly available data such as
utility filings, outage reports, permit applications,
visual inspection and historical wholesale pricing
data [17]. Another company, Geostellar, decreases
inspection costs by eliminating the need of prelim-
inary site investigation. It automatizes the process
taking into account weather data, the size, orienta-
tion and slope of a roof; and shadows from trees,
structures and terrain. Later, a financial calcula-
tion is conducted by using utility rates, energy us-

age profiles and energy incentives [18]. The accu-
racy of the method was verified by National Re-
newable Energy Laboratory (NREL). 76 % of the
calculations were matching with the on-site per-
formance tests results [19]. PickMySolar is a web
based market place for solar panel installers. The
company allows the home owners to compare and
choose the best contractors only by managing the
platform. This allows the company to access age,
gender, household income, financial status, credit
scores, building details data. Later, the application
PVimpact leverages data obtained from PickMySo-
lar and combines it with smart meter data from the
households. The application enables home owners
to have an easy access to their savings, receive alerts
and recommendations about their system. Power-
Scout, a startup from the US, uses light detection
and ranging (LIDAR) data with detailed consumer
data and advanced image recognition technology to
determine households that would adopt solar PV
systems in the close future. Each home is tagged
with 1.200 data points, including income and ed-
ucation levels, political affiliation, the type of the
resident and the car [20]. This insight cuts off the
marketing expenses.

Big Data analytics is also used to enhance the
operational performance. NexTracker, a US based
company, proposes a tracking system, leveraging
cloud positioning, fog or haze data to correct the
panel direction by using machine learning algo-
rithms. This quick change in the panel position
increases the annual energy output up to 6 % by
preventing the unnecessary losses [21]. Alextrics,
a Greek based company, combines the monitoring
data with the financial and business operation data
of the operator to deliver actionable information.
For instance, the software can observe a low inter-
nal rate of return and connect this observation to a
lack of performance due to initial bad design of an
asset [22].

4. Transmission & Distribution Network

The biggest responsibility of a utility is to en-
sure that the grid infrastructure is functional at all
times. However, this is a major operational chal-
lenge since the grid consists of numerous distributed
components8. Monitoring the assets in real-time
gives information about the current status of the
grid. This information is then converted to opti-
mized work plans by predictive maintenance, a digi-
tal worker concept and asset planning. For instance,
Enel, the biggest Italian utility, predicts the fail-
ures in feeders in 16.000 substations by collecting
data from SCADA, maintenance work orders, fault
protection, asset management, historical equipment
failures, known network issues, power quality, light-

8transformers, cables, towers, circuit breakers, etc.
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ning, terrain and vegetation, and weather [23]. This
actionable knowledge can be used to empower field
workers with mobile devices in which optimized
work plans are present. At this point, natural lan-
guage generation is used to increase productivity.
The application enables complex datasets to be con-
verted into easy-to-understand texts. A US based
utility implemented the application offered by Ar-
ria9 to improve the response time to an outage. The
technology automatically creates work orders to re-
pair the assets in near-real time by learning from
previous outages [24]. Further, analysis of the grid
can optimize the appropriate size of a component
for a certain area to achieve a better asset planning.
Big Data analytics can also be used to manage out-
ages. Weather Company, a subsidiary of IBM, can
detect weather related outages with a 72 hours lead
time by analysing data about wind speed, precipita-
tion, temperature, atmospheric pressure, humidity,
soil moisture, and foliage vegetation together with
asset condition (location and/or health)[25]. Lastly,
electricity theft can be detected with grid analy-
sis. Light S.A., a Brazilian utility providing elec-
tricity to more than 10 million customers in Rio de
Janeiro, used Choice’s10 Revenue Intelligence ser-
vice to tackle their theft problem. As a result, 160
GWh of energy, which corresponds to 40 million
dollars were saved annually [26].

5. Flexibility Management

Flexibility of the grid refers to the degree of bal-
ancing the generation and consumption ability at
all times. There are two approaches to increase the
flexibility capacity. The first approach is demand
response (DR), which is a set of programs that mo-
tivate residential, commercial and industrial (C&I)
consumers to reduce or shift their electricity con-
sumption during peak periods [27]. However, Big
Data analytics takes it to the next level by enhanc-
ing predictability and controllability. The second
approach comprises of aggregating DER’s in order
to create a load capacity and offer it to energy mar-
kets.

5.1. Utility Focused Big Data Applications: DRMS

Big Data analytics, in combination with IoT, en-
ables aggregation and visibility of data. Data
gathered a from utility’s advanced metering infras-
tructure (AMI), meter data management system
(MDMS), and legacy systems such as SCADA, cus-
tomer information systems (CIS), customer billing
data, weather data, and geographic information sys-
tems (GIS) can be used to optimize and manage DR
programs from one center. Such systems are called
demand response management systems (DRMS).

9A British based natural language generation company.
10Luxemburg based analytics company.

5.2. End-user Focused Big Data Applications: EMS
Energy Management Systems (EMS) focuses on
cost effective energy efficiency solutions for end-
users. Intelligent efficiency, a term highly linked
to EMS, is defined as the ability to save energy by
gathering large volumes of data [28]. It consists of
all products and services that monitor, control or
analyze energy consumption. These solutions lever-
age data from traditional control and automation
systems, smart meter interval electricity consump-
tion data, supplemental submeters and advanced
sensors. The energy efficiency applications are pro-
vided by controlling end-user’s applications such as
heating, ventilation and air conditioning (HVAC),
lighting and plug loads citation as needed.

5.3. Findings from Related Companies and Case
Studies

Based on the applications above, two opportuni-
ties become prominent. Firstly, end-users receive
greater information about their energy consump-
tion, as well as tips to reduce their energy use. Sec-
ondly, the actionable knowledge received by ana-
lytics can be used by automated systems to opti-
mize energy use. Needless to say, having an in-
telligence control over the assets makes for smooth
integration into DRMS systems, and allows them
to be valuable DR assets. Therefore, many compa-
nies in this field offer energy management solutions
to residential and non-residential end-users to en-
gage them into a DR program. Figure 2 presents a
comprehensive overview of the business relationship
between the DR providers, end-users and utilities.
The term DR provider refers to companies who use
Big Data analytics in order to provide DR services
to utilities either by turnkey sales of firm capacity
and ancillary services, implementation of DRMS or
an energy efficiency SaaS which connects end-users
to utilities. To better understand the subject, the
providers are grouped into two categories depending
on their customer segment (Industrial and commer-
cial focused and residential/behavioural focused DR
providers ). This categorisation is necessary since
not all the DR providers serve entire electricity end
users.

The business models of all DR providers have
similarities to a certain degree. They aim at the
highest possible end-user acquisition rate which
would turn into load reduction for utilities. They
are positioned as a mediator between utilities and
the end-users, controlling the data/information and
monetary flow. However, there are fundamental dif-
ferences in the way they achieve it, particularly in
the methods of customer engagement. Moreover,
the improving Big Data analytics abilities bring new
players to the market with different business models
and value proposals. The first group, C&I focused
DR providers are the largest and the most mature
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Figure 2: Business relation between the DR
providers, electric utilities and end-users

group, consisting of some companies traced back
to early 2000s. There are mainly three different
business models inside this group. The first busi-
ness model provides intelligent energy management
systems for industrial and large commercial end-
users by software that optimizes their businesses
energy consumption. This software gives the busi-
nesses the option to participate in DR programs
and the provider sells the firm capacity and ancil-
lary services to utilities as a turnkey solution with-
out any further interference. Their revenue streams
are subscription fees for their intelligent EMS and
the brokerage fee that they agree with the utility
for the load reduction. The second business model
is provided by DRMS providing companies. Their
revenues are directly linked to utilities since their
service does not involve end-users like the previ-
ous group. The revenue streams are either software
sales or subscription fees. The companies who pro-
duce hardware such as HVAC systems are also ac-
tive in the field. DR is a very advantageous business
opportunity to them as DR participation of a HVAC
system increases its value proposal, and this works
both ways. Therefore, many companies offer an in-
telligent commercial/residential EMS system which
can be embedded in utilities DRMS to increase the
DR participation and customer engagement rates.
These companies make revenue with software sales
of either energy efficiency SaaS, or entire DRMS on
top the hardware sales.

The second group, residential/behavioural DR
providers, are the new players in the market. Their
value proposal is similar. They provide an en-
ergy efficiency platform for residential end-users
which gives actionable information about their en-
ergy consumption and tips to reduce it. It en-
courages end-users to participate in DR programs

through behavioural change. The reliability of DR
is provided with learning algorithms which conduct
an analysis to predict the participation of every
house. They receive revenues through software sales
to utilities.

5.4. Utility Focused Big Data Applications:
DERMS and VPP

A distributed energy resource management system
(DERMS) is a software-based solution that en-
hances utility’s real-time visibility into the DER as-
sets. It is highly linked to DRMS in terms of func-
tioning. The main difference is that DERMS has
a higher scale since it deals with more assets con-
nected. A virtual power plant (VPP) is a system
which includes the smart aggregation and optimiza-
tion of DERs in order to create a dispatch capac-
ity that is comparable to a conventional centralised
power plant. VPPs, leveraging Big Data analytics
and smart grid, can accommodate the complexity of
DERs, providing regulation service, voltage man-
agement, fast DR, contingency reserve, peak de-
mand management, and renewable integration [29].

5.5. End-user Focused Big Data Applications: In-
telligent Batteries

End-user focused Big Data applications include ac-
tivities which monitor, optimize and control the
DER assets in order to reduce energy related costs.
The DER assets suitable for these applications
are intelligent batteries and solar-plus-storage co-
optimization solutions. There is a strong similar-
ity between the energy management systems and
these applications. They both aim at providing so-
lutions to end-users while they are used, as a tool
to increase the customer engagement for utilities.
The main difference is that when EMS optimize
the assets with an switch on/off feature, end-user
focused applications optimize batteries by charg-
ing/discharging. This allows end-users to avoid
electricity consumption during the high electricity
prices, and therefore brings about savings.

5.6. Findings from Related Companies and Case
Studies

The value proposition of DER related business
models are similar to DR. They both help util-
ities manage the flexibility of the grid to avoid
grid related problems, reduce the generation costs,
avoid unnecessary investments and engage with pro-
sumers. However, as mentioned earlier, DR assets
only reduce the load simply by switching off when
necessary while other DER assets actually provide
power to the grid. This fundamental difference re-
sults in different business models to evolve in time.
There are mainly three groups of models who pro-
vide DER management services. The first group
includes the companies who provide DERMS and
VPP for utilities by a SaaS or a on-premises so-
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lution. The second group of companies dealing
with DER management by using Big Data analyt-
ics are firm capacity providers for wholesale elec-
tricity markets. Instead of offering their digital so-
lutions to utilities as a key partner, they aggregate
a firm capacity (i.e. VPP) and participate in power
markets. The third group consists of companies
which provide end-user focused Big Data applica-
tions through intelligent batteries. They use the
relation that they have with the end-users to create
a portfolio of assets which can be sold to utilities as
firm capacity, operating reserves and ancillary ser-
vices. The companies, being the mediator between
the utility and the end-users receive revenues from
both parties. They don’t necessarily sell the prod-
ucts to end-users but they may also finance them
through leasing and loaning. This decreases the ini-
tial investment and makes the assets more afford-
able. Depending on the agreement, they also re-
ceive revenues through the bill reduction their sys-
tem manages. The revenues related to utilities come
from direct sales of firm capacity, operating reserves
and ancillary services.

6. Customer Relations

Big Data analytics converts electricity into a bun-
dled service which consolidates the bond between
the utilities and customer through personalization.
Further, the analysis of the data brings more cus-
tomer insights to utilities and makes customer op-
erations easier. The starting point of reaching cus-
tomers through bundled services is accurately esti-
mating the characteristics of end-users’ buildings.
The algorithms relate the energy consumption of
buildings to the interactions between weather, res-
ident behavior and schedules, building characteris-
tics, and individual devices present in the building
[30]. Detecting the individual devices in the build-
ing through consumption data is provided by disag-
gregation11. This interconnected calculation of en-
ergy consumption captures the physical processes
that drive the energy use and enables the actual
suggestions that would have an influence on con-
sumption. For instance, these algorithms can asso-
ciate the energy saving potential of a building by
insulation, or changing the windows, changing the
thermostat setting and so on. Moreover, as one of
the data inputs is generated by end-users, the more
they are used the more accurate they get with ma-
chine learning algorithms. The algorithms are able
to accomplish a task such as ”Identify residential
consumers who spend more than 40 percent of their
energy on HVAC on days when the temperature is
above 30 degrees; who own their homes; have in-
comes below 30.000; and live in the North Eastern

11It is a set of algorithms which separate the use of energy
into appliances.

United States.”[30]. Having such a specific insight
about the customers, their buildings and energy
use enables opportunities for utilities. Firstly, cus-
tomers who are most receptive to participating in
utility programs or reacting to efficiency tips when
they are offered can be identified. These ”better
recognised” customers are then proposed the most
relevant automated tips through recommendation
engine which can take place visually either on a web
portal, mobile app or the bills. The same technique
can be applied to promote the best utility program
to the customers as well. Home energy reports are
another value that can be added to individual build-
ing insights. They are detailed energy consumption
reports which empowers customers to make deci-
sions on their energy use. Utilities are also able to
increase the customer satisfaction by providing no-
tifications about unexpected high bills before the
issuing date. A notification to a customer who is
on track to a high bill can also be supported by
personalized tips to decrease it.

6.1. Findings from Telecom and Banking Sectors

Customer churn rates are considerably high in the
telecom sector, ranging between 20-40% [31]. From
a customer experience standpoint, the period of
time which leads to the churn point is unpleasant,
and thus a prediction this dissatisfaction is valuable.
To achieve this, data collected on customer usage,
complaints, transactions, social media is analysed
and the customers who are on track to leave the
company are determined. As the analysis gives in-
sights about the reasons of dissatisfaction, person-
alized offers can be made to the customers. For
instance, a customer who considers leaving the com-
pany due to his old and expensive contract can be
offered a new contract with more advantageous tar-
iffs.

Banking sector is using customer data to create
personalized loyalty programs to retain customers.
The method is based on bringing more benefits to
the customer as long as they use the banking ser-
vices. Analysing the transactional data, several
banks determine the spending habits of their cus-
tomers and create personalized loyalty programs.
For instance, The Royal Bank of Canada offers
promotions in pet shops to their customers who
have pet related transactional data in their systems.
Nowadays, the sector is experiencing a new con-
cept: Open Banking, which is based on banks shar-
ing their customer data with third parties in order
for them to create new services. Such a partner-
ship enables development of Big Data applications
by not only the banks themselves but any devel-
oper who has a good idea. Some highlighted ser-
vices created by third parties are personal finance
management platforms, which help users to track
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their income and expenditure. The data obtained
from different banks can be combined to give in-
sights about customer’s spendings. Further auto-
mated advice that rely on Big Data analytics can
guide the users about investment products avail-
able in the market. Another customer related ap-
plication is transparent credit scoring. Traditional
credit scoring is limited in terms of capturing the
real performance of a customer due to the limited
data. A better analysis of individuals is possible by
combining bank-owned data with third party data.
A more transparent credit scoring enables a bet-
ter match between the customers and the available
products for them. Lastly, shared customer data
allows the banking services to be accessible in dif-
ferent platforms. For instance Amazon Echo, which
is a hands-free speaker that connects to internet
to access Amazon enabled services and more. The
partnership between Capital One, a bank operating
in the US, and Amazon allows customers to access
banking services from their device with their own
voice [32].

7. Elaboration of a Business Case: Iberdrola
Efficiency Shop

The analysis of Big Data applications in the elec-
tricity sector shows that customer oriented applica-
tions are the most suitable for creating a new line of
business. Iberdrola Efficiency Shop is an idea that
positions Iberdrola as a trusted energy advisor for
customers’ energy consumption behaviour and effi-
cient home appliances choices. The idea provides
two main services to the customers. The first ser-
vice is called Iberdrola Energy Advisor. It makes the
energy consumption of the customers more trans-
parent to them. It is based on the applications men-
tioned in the 6th chapter. A disaggregation of en-
ergy use data is conducted to identify the electricity
consumption at an appliance level. This informa-
tion in real-time is then utilized to create the plat-
form which is available as a web portal and a mobile
app. The platform provides many features that in-
crease the engagement such as energy home reports,
pro-active high bill notifications, personalized tips
on energy reduction, utility offers according to cus-
tomers consumption habits, a benchmarking with
the similar buildings’ energy consumption and con-
nection to social media accounts that allows cus-
tomers to share their energy related achievements.
The platform also includes Efficiency points, which
is a loyalty program that motivates customers to in-
teract with the platform. Lastly, Ask your personal
energy advisor tab, a search engine located in the
upside of the screen at all times. It simplifies the
app which is heavily filled with information. For
instance the customer can type ”How is my TV do-
ing?” and a energy consumption comparison of the
TV with the best available models in the market

will show up. The pulling point of the idea is to con-
nect this platform to an online marketplace, Iber-
drola Efficiency Shop, to motivate its customers to
buy energy efficient products. To achieve this con-
nection successfully, the platform reaches out to the
customer at the right moment, it is easy-to-use and
it incentivizes the customers to use it more. Once,
the customer is directed to the Iberdrola Efficiency
Shop, it is possible to compare the the products
according to their energy efficiency, price and the
customer reviews collected from different retailers.

7.1. Business Model Canvas of Iberdrola Efficiency
Shop

The value proposition of the idea targets both cus-
tomers and Iberdrola. It empowers the customers
by helping them lowering their monetary losses re-
lated to inefficient use of energy without any dis-
comfort. It acts as an advisor for environmentally
concerned customers who need guidance to lower
their carbon footprint. Moreover, it creates an al-
ternative to the channel of purchasing new home
appliances. Lastly, the loyalty program creates tan-
gible benefits such as discounts and special offers as
long as they are interacting with the platform and
the marketplace. The most tangible outcome of the
idea for Iberdrola is the new revenue stream cre-
ated by Iberdrola Efficiency Shop. Secondly, being
the energy advisor boosts the customer engagement
and makes Iberdrola the favourable energy provider
in an open market. The loyalty program, Efficiency
Points, acts as a tool for Iberdrola to drive people
to achieve company objectives such as efficiency tar-
gets, promoting new utility programs, creating com-
pany awareness through social media posts, reduc-
ing customer churn and peer-to-peer engagement.
Lastly, being the operator of such a platform, Iber-
drola pioneers a pro-environment movement which
brings about a positive public opinion about the
company.

To realize the idea, a partnership with white label
marketplace and energy insights platform providers
is necessary. The key activities are launching of the
platform and the marketplace. Once the technology
is ready, a marketing campaign to create awareness
must be run. Lastly, a continuous improvement of
the platform and the marketplace according to ob-
jectives of Iberdrola must take place. A in-house
team dedicated to operate the business must be
constituted. The team should have competences
in IT technologies, business development and mar-
keting. The realization of the business requires sev-
eral fixed and variable costs. The initial fixed costs
are salaries of the team members and marketing.
Depending on the key partner’s business model, a
subscription or a commission fee might be paid pro-
portional to the volume of sales on the marketplace.
The direct revenue stream is the commission fees for
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the products sold in the marketplace. An indirect
revenue is created by increased utility program par-
ticipation rates.

7.2. Operational & Financial Planning

Operational and financial planning is made for 2
years and divided into 3 stages. These stages differ
from each other according to the targeted market
and actions to take. Therefore, revenues and costs
change in every stage. The first stage aims at imple-
menting the idea in Spain, and lasts for 3 months.
The objective of this stage is to expand Iberdrola Ef-
ficiency Shop to the UK, which is the second coun-
try Iberdrola is operating in Europe. This stage is
planned as 9 months. Lastly, an expansion to the
US market is planned during the 3rd stage, which
takes 12 months. For Spain and the UK markets
the target is to reach 3% of the Iberdrola customers
while 1.5% is expected in the US.

7.3. Cumulated Cash Flow Diagram

Cumulated cash flow diagram shown in figure 3 is a
summary of financial projections. The anticipated
break-even point is around 20 month, which proves
that the idea is viable. It must be noted that the
most striking value proposition of the idea is quali-
tative benefits for both customers and Iberdrola as
mentioned above. Thus, a larger marketing cam-
paign which would increase the customer engage-
ment could be planned even though this would shift
the break-even point to later months.

Figure 3: Cumulated cash flow diagram

8. Conclusions and Recommendations

The results show that Big Data analytics applica-
tions either to improve their operations or to cre-
ate a new line of business. From the generation
perspective, the applications enhance the adoption
and performance of renewables. The applications
related to wind energy generation are focused on
reducing the costs by providing better forecast and
operational excellence. Big Data analytics is either
implemented by turbine manufacturers as a turn-
key service directly, or utilities develop it in-house
or with an external partner. In the meantime, so-
lar energy is highly linked to customer collaboration
and adoption. Therefore, many applications are de-
rived to promote its adoption by decreasing financ-

ing and installation costs. This creates new business
model opportunities for utilities. There is a strong
link between smart grid and transmission & distri-
bution network applications. In this section, all of
the applications aim at reducing the costs related
to operation of these assets. Better monitoring and
control over the grid also allows a more optimized
asset planning. Further, outages related to severe
weather conditions can be foreseen to plan a proac-
tive management. Lastly, a more precise electricity
theft investigation to protect revenues is possible for
the regions of the world where theft is a major issue.
Flexibility management is one of the most impor-
tant challenges of modern distribution systems. Big
Data analytics is transforming this challenge into
business opportunity by various applications. Hav-
ing the highest number of related business models
detected, this section involves many actors such as
energy intelligence companies, DR providers, VPP
operators, energy management companies, smart
home appliances manufacturers, etc. The field is
very active in North America and some countries
in Europe (France, the UK, Germany, the Nether-
lands, Belgium). Customer relations applications
offer one of the highest values for utilities. This
is mainly due to change in the customer expecta-
tions and customer-centric response to this change
by utilities. Having an individual and personalized
contact with the customers by using their data pro-
vides benefits to both sides. Customers can receive
recommendations not only about their energy use
but also their home assets. The marketplace link of
this personalized knowledge empowers them to op-
timize their home related purchases. Such service
scales up to projects as well. They can decide on
an upgrade for their buildings (windows, roof, so-
lar adoption, etc.), according to its energy related
benefits. From a utility standpoint, reaching to the
customers at the right time with the relevant con-
tent positions them as an energy advisor and bonds
the customer engagement. Findings from other sim-
ilar sectors show that creating bundled services with
data increases the business volume and ensures the
prevention of customer churn.

8.1. Recommendations

Based on the conclusions above, this section pro-
vides recommendations for Iberdrola. As elabo-
rated in the 7th chapter, Iberdrola could use its
customer data to become an energy advisor and
a marketplace operator. The personalized level of
communication is a strong motivation for customer
engagement and creating business out of it. In
parallel, a project marketplace can be launched to
provide building upgrades to customers. The open
banking concept described in the 6th chapter could
be adopted from banking sector. Positioning Iber-
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drola as an App-Store operator would involve inde-
pendent developers to create services for customers
where every interaction in the store returns to Iber-
drola as revenue and brand awareness. Iberdrola
Smart Solar initiative can be supported by solar en-
ergy generation applications. Firstly, tailored mar-
keting services that use demographic and LIDAR
data can decrease customer acquisition costs. Fur-
ther, installation design can be managed off-site,
without the need of field inspection. The programs
can also involve a contractor marketplace for instal-
lation and maintenance to empower the customers.
Lastly, partnering with a third party financial risk
analyser company (see kWh Analytics) can decrease
the financing costs of customers. Flexibility man-
agement is essential in the new era of energy. As
mentioned in the 6th chapter, utilities in the US and
Europe position themselves as energy management
partners of C&I and residential customers. In re-
turn they involve their customers in demand side
management programs. Iberdrola already provides
various products and services at energy manage-
ment. Implementation of a DERMS would position
Iberdrola as a VPP provider and help the company
balance the grid while creating a new business line.
However, this opportunity is highly linked to leg-
islative decisions. Natural language generation is a
very promising application. It could cut the costs
of grid operations by instantly converting data into
simple texts and work orders. Brazil is a problem-
atic field of operation of Iberdrola in terms of elec-
tricity theft. A collaboration with a theft analytics
company (see Choice) could mitigate the problem.

This study shows that Big Data analytics has al-
ready proved itself to be a trustful tool to manage
the paradigm shift in the energy sector. It is used
by various actors ranging from multinational com-
panies to garage start-ups. However, it can still be
considered at its infantry stage. There is still a lot
of space for new applications and business models.
Therefore, innovative utilities should examine the
phenomena carefully and concentrate their R&D&I
activities on the topic.
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