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Global energy constraints and economic conditions have placed large energy consumers
under pressure to conserve resources. Several governments have acknowledged this and
have employed policies to address energy shortages. In South Africa, the lacking electrical
infrastructure caused severe electricity supply shortages during recent years. To alleviate

the shortage, the government has revised numerous energy policies.

Consumers stand to gain financially if they embrace the opportunities offered by the revised
policies. Energy management systems provide a framework that ensures alignment with
specifications of the respective programs. Such a system requires a data consolidation
platform to import and manage relevant data. A stored combination of consumption data,
production data and financial data can be used to extract information for numerous reporting

applications.

This study discusses the development of a data consolidation platform. The platform is
used to collect and maintain energy related data. The platform is capable of consolidating
a wide range of energy and production data into a single data set. The generic platform

architecture offers users the ability to manage a wide range of data from several sources.

In order to generate reports, the platform was integrated with an existing software based
energy management system. The integrated system provides a web-based interface that
allows the generation and distribution of various reports. To do this the system accesses the

consolidated data set.

The developed energy information tool is used by an ESCo to gather and consolidate data
from multiple client systems into a single repository. Specific reports are generated by the
integrated system and can be targeted at both consumers and governing bodies. The system
complies with draft legislative guidelines and has been successfully implemented as a energy

information tool in practice.
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Introduction to energy data consolidation

The present enerqy environment in South Africa is presented in this chapter. Programmes
and incentives, as proposed by government and requlating authorities, are introduced. The
aim of these programmes and initiatives is to promote energy efficiency. Regulatory authorities
and their various involvements in the industry are discussed. Opportunities, implications and

reporting requirements that are linked to energy efficiency programmes and legislation changes

are identified.



Chapter 1. Introduction to energy data consolidation

1.1 Global energy awareness

1.1.1 The focus on energy efficiency

Both established and emerging economies are influenced by delicate relationships between
the supply and demand of energy resources. Globally, energy efficiency programmes are
implemented to improve existing markets and to ensure sustainable development. Energy
efficiency initiatives are internationally regarded as an effective strategy to promote economic

growth.

The drive for increased energy supply capacity can be counteracted by reducing the demand.
This offers many advantages to both energy consumers and suppliers. From a consumer point
of view energy efficiency programmes fund themselves through reduced expenses associated
with energy savings. The rapid implementation period of energy efficiency projects provides
immediate relief to suppliers. Long-term sustainability is achievable by combining these

programmes with generation capacity expansions.

Along with financial advantages, energy efficiency programmes offer sustainability and environ-
mental advantages. Reduced greenhouse gas emissions can be achieved through energy
efficiency programmes. More efficient industrial equipment, transportation services and

green buildings translate to reduced energy demand, as well as reduced carbon emissions.

Governments and appointed agencies play essential roles in the energy industry. By adjusting
and enforcing energy policies, developing nations can reduce energy demand escalations
without impairing economic growth. Other benefits for countries include employment oppor-
tunities and less domestic dependence on foreign suppliers. An overall reduction in energy

expenses and increased productivity of the economy is possible.

1.2 Energy overview of South Africa

1.2.1 South Africa’s energy sources

South Africa relies on its copious mineral deposits to sustain its economy. As a result the
extraction and processing of these minerals contribute significantly to the country’s GDP
(Gross Domestic Product). Mining and processing of minerals and their products are energy
intensive by nature. According to the Department of Minerals and Energy (2005) the costs
associated with mineral extraction are further elevated due to low ore concentrations and

the depth of gold mines in the country.

Development of a data consolidation platform for a web-based energy information system
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Chapter 1. Introduction to energy data consolidation

In addition to the mining industry, the country plays host to expanding manufacturing and
service industries. The manufacturing and service industries become more popular as the
mining industry becomes less profitable. Manufacturing industries include coal to liquid fuel
conversions, used by SASOL, and large scale smelting activities (Department of Minerals
and Energy, 2005). However, the previously mentioned activities are also energy intensive

and drive the need for more energy sources.

Among the natural resources, the country has large amounts of coal deposits. Coupled with
the country’s limited oil and natural gas reserves, coal has been used to meet the nation’s
energy demands. Finley, M. (2013) states that, during 2012, coal accounted for 72% of the

country’s energy sources, followed by 22% for oil and significantly less from other sources.

The coal industry in South Africa produces nearly 300 million tonnes of product annually.
The environmental impact of such large scale operations is expected to be profound. Water
pollution and air pollution are directly linked to the mining of coal. According to Lloyd
(2002) domestic combustion of coal comprises as much as 30% of the particle load in South

African air.

High carbon emissions are the result of heavy dependence on coal as a fuel source. South
Africa has grown to be the leading carbon dioxide emitter in Africa and the 14th largest in
the world (U.S. Energy Information Administration (IEA), 2014). The country agreed to
the Kyoto Protocol in March 2002. South Africa was classified as a non-Annex 1 developing
country and was not committed to quantified emission targets before 2012. Although no
targets were set, this is a clear commitment to sustainable development and reduced harmful

emissions.

1.2.2 Energy management and national authorities

South Africa’s energy management plan is stated in The White paper on the energy policy
of the Republic of South Africa (Department of Minerals and Energy, 1998). The policy
aims to provide the nation with access to energy services while simultaneously addressing
sustainability issues. Further development included The Energy Efficiency Strategy of the
Republic of South Africa published by the Department of Minerals and Energy (2005).

The strategy addresses key aspects of energy structures in the country. It discusses develop-
ment and efficiency targets leading up to 2015. Energy efficiency interventions are outlined in
the document along with a 12% target for national energy efficiency improvement. An interim
reduction target of 15% has been proposed for parasitical electrical usage (Department of
Minerals and Energy, 2005).

Development of a data consolidation platform for a web-based energy information system
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Government plays a crucial role in ensuring the sustainable development of the nation.
According to the Department of Minerals and Energy (1998) the government is required
to ensure that the necessary resources are made available regarding energy management.
Structures, systems and legislation have to be established and adapted to collect energy
data. Development must be managed to ensure alignment with international standards and

national targets.

SANEDI (South African National Energy Development Institute) was established as a state
owned institute. The primary function of SANEDI is to direct, monitor and conduct energy
research and to promote energy efficiency. NERSA (National Energy Regulator of South
Africa) was established as a juristic person. Its mandate is to regulate the supply and prices

of electricity, petroleum and piped gas.

SABS (South African Bureau of Standards), the government and the organisations mentioned
previously work together to improve the country’s energy environment. The role of the
SABS regarding energy efficiency, is to establish standards used to govern energy efficiency
development and implementation. Many standards for energy efficiency have been published.
Two standards significant to this study are SANS 50010 Energy savings and SANS 50001
Energy management (Fiedler and Mircea, 2012; SABS Standards Division, 2011).

Legislation changes that promote energy efficiency have been applied to various acts. Recent
adaptations include the amendment of section 12L of the Income tax act of 1962 and the
National energy act of 2008. Both these changes can have a large impact on energy consumers

and will be discussed in subsequent sections of this document.

1.2.3 South Africa’s electricity situation

Historically, electricity prices in South Africa have been low. These low charges contributed
to a competitiveness position in global markets, especially in the mining and industrial
sectors where large portions of the country’s electrical resources are consumed. Eskom is
the largest electricity utility in South Africa. Approximately 95% of electricity consumed
by the country is generated by Eskom. Due to large coal reserves most of the electricity is
generated by coal power stations. This can be attributed to the relatively low coal cost as a

result of the copious supply.

Eskom has a combined installed generation capacity of 44 GW. Coal fired power stations
attribute to 38 GW (86%) of the capacity (Eskom Ltd., 2013). These figures seem large, but
is not sufficient to supply the country’s electricity needs. Two key factors attributed to the

electricity shortage. Firstly, the primary producer of electricity (Eskom) failed to invest in

Development of a data consolidation platform for a web-based energy information system
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additional generation capacity during the 1990’s. Secondly, tariff increases allowed by the

regulator did not account for infrastructure expansion expenses.

Although construction of two 4.8 GW power stations are under way, the lead time required
to erect a generation facility is estimated at 10 years. In a growing economy the demand
for electricity will also increase during the same period. The expansion constraints lead to
energy supply shortages and force the utility to employ load shedding. Load shedding entails
switching off large portions of the power grid on a rotary basis to manage the immediate

electricity demand.

Eskom, in association with regulating authorities, has implemented a range of measures to
manage electricity consumption and fund upgrade efforts. These measures include TOU
(Time-Of-Use) tariff structures, energy efficiency initiatives, as well as substantial tariff
increases (Hamer, W. and Vosloo, J.C. and Swanepoel, J.A., 2013). Figure 1.1 provides an
estimated indication of electricity tariff increase in South Africa (Eskom Ltd., 2014; Statistics
South Africa, 2005).

South African electricity tariffs (Eskom Megaflex TOU Average)
80
70
60 —
50 —

30 -
04— g B 8B B B O L ae==-T

Electricity cost (RSA Cent/kWh)
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[ Actual Estimated increase (8% p.a.) — — = With Inflation from 2005

Figure 1.1: South Africa’s electricity tariffs and inflation

From the graph it can be seen that tariff escalations surpasses inflation increases by a
large margin. Profit margins of energy intensive consumers are affected by escalated bills,
associated with a heavy dependence on electricity. In order to combat the negative effect
of the increased expenses, consumers have the option of participating in energy efficiency

programmes.
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1.3 Energy saving initiatives in South Africa

1.3.1 Introduction to energy efficiency initiatives

The consequence of low electricity prices in South Africa was that there was little to no
incentive to save electricity. As a result, the country has a large demand for electricity
that often reaches levels dangerously close to the supply capacity (Department of Minerals
and Energy, 2005). The margin between the supply and demand is referred to as a reserve
margin. A reserve margin ranging from 15% to 18% is internationally accepted as standard
(Department of Public Enterprises, 2007).

In 2008, the reserve margin in South Africa dropped as low as 4%. Forced load shedding had
to be implemented to regulate available resources. By 2014 the country’s reserve margin has
not been increased sufficiently. In a June press release, Eskom Media Desk (2014) declared
a state of emergency due to the severely constrained power system. In the release Eskom

called upon consumers to collectively reduce system load by 10%.

Eskom projected that an additional electricity-generating capacity of 17 GW will be added to
the national grid by 2019 (Eskom Ltd., 2012). Refer to Figure 1.2 (Van der Zee, 2013). From
the figure it can be seen that there is a substantial electricity supply shortage. Although
expansion projects are under way, intermediate relief is needed to ensure that electricity

supply will not be interrupted during peak demand seasons.
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Figure 1.2: Electricity supply expansion and shortage

Development of a data consolidation platform for a web-based energy information system

6
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Energy efficiency programmes have grown in stature during recent years. Especially in
developing countries that face the challenge of providing adequate energy services to growing
populations and economies. Rapid implementation times associated with energy efficiency
improvements offer attractive investment opportunities to consumers. Demand reduction
projects can be implemented much quicker than supply side expansions (Spalding-Flecher,
2006).

Financial advantages serve as another motivator for energy efficiency projects. The viability
of an energy efficiency project can be measured by the payback period. This can be
defined as the time it takes for the avoided cost to match the initial investment cost. The
projects effectively fund themselves, while offering long-term advantages to consumers and

the environment.

Authorities can also utilise financial strategies to motivate energy efficiency. Penalties can
be used as a short-term motivator to reduce excessively high consumption levels (Stephen,
2009). In such cases, consumers are billed according to a much higher rate . An alternative

solution is rewarding consumers with rebates when they reduce their energy demand.

1.3.2 Demand Side Management interventions

DSM (Demand Side Management) implies that energy consumers undertake certain measures
to reduce their load on the system. At present, Eskom and the revenue service provide
funding for energy efficiency measures undertaken within South Africa. Consumers tend

to show positive reaction and reduce energy consumption when financial motivations are

offered.

The electricity situation in South Africa is unique considering that load reduction in the
form of energy savings are considered a higher priority when compared with peak time load
shifting projects. Thus, large DSM interventions are required to reduce high consumption
figures and load factors. The long-term nature of the country’s electricity situation is another
attribute that makes it different. Intermediate load reduction can be achieved through DSM

interventions, while additional generation facilities are constructed.

DSM projects can be implemented within a nine- to twelve-month period. As a result, this
has the ability to provide short- to medium-term relief to the straining infrastructure. The
government implemented this as a tool to grant Eskom sufficient time to complete capacity
expansion projects. The Eskom DSM programme focusses on the most feasible payback
period for investments (M.I. Howells, 2006).

Development of a data consolidation platform for a web-based energy information system
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Benefits of DSM interventions include:

short implementation period;

small initial investment;

short payback period;

positive environmental impact.

Three types of DSM project are widely implemented in South Africa. Load shifting, peak
clipping and energy efficiency are the most common projects (Meek, 2013). Load shifting
and peak clipping projects aim to move or reduce the amount of electricity consumed during
peak periods. Load shifting projects focus exclusively on cost savings and are scaled so that

the baseline and consumed energy are considered neutrally.

Peak clipping projects aim to reduce energy consumption during evening peak periods (18:00
to 20:00). Savings are calculated by comparing actual electricity consumption with a scaled
baseline. The scaled baseline or service level adjustment is determined by adjusting the
energy consumption baseline with a factor based on system production (Den Heijer, 2009).
This is done in order to obtain baseline and actual consumption profiles that are energy

neutral relative to each other.

The aim of energy efficiency projects is to reduce the overall energy consumption by enforcing
a more effective control strategy. Service level adjustments are used to derive scaled baselines.
Production levels and other variables such as ambient temperature are used to determine
the appropriate scaling factor. Actual electricity consumption figures are then compared to

the scaled baseline to determine the effective savings for the day.

The Electricity Regulation Act of 2006 entailed new regulations regarding energy efficiency
and DSM (Republic of South Africa, 2006). The act was promulgated in 2008 and contained
provisions for energy efficiency regulations. Aims of the policy included regulation of energy
sources through governing structures, as well as the promotion of energy efficiency by means

of targeted financial incentives.

1.3.3 Utilising tax to control consumer habits

Consumer habits can be controlled by adjusting prices. Worldwide taxation is utilised as
a tool to guide consumers in a desired direction. Products can be made less attractive
by increasing the tax to artificially increase the price. Conversely, products can be more

attractive to consumers by reducing tax, thereby inducing a lower cost.

Development of a data consolidation platform for a web-based energy information system
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Governments also implement tax incentives to influence energy and climate change policies.
Consumers are motivated to conserve energy by utilising the same tax strategies used to
control product related consumer habits. The market is controlled by taxing excessive

consumption of energy resources or granting tax rebates for efficiency.

The South African government applied two changes to the Income Tax Act of 1962 (Republic
of South Africa, 2013b). Section 12T offers a tax rebate for a 10% energy demand reduction
in the manufacturing sector. Section 12L offers further allowances regarding energy efficient
savings across all sectors. Both incentives are used as tools to encourage energy efficiency

and promote sustainable development.

1.4 Reporting on energy data

1.4.1 The need for energy reports

Businesses partaking in an energy efficiency initiative require consumption reports to be
able to actively manage resources. Most energy initiatives rely on the same fundamental
measuring system. Before any changes are made to the existing system an energy baseline
is recorded. This is usually conducted by an independent third-party M&V (Measurement

and Verification) specialist.

The next step is adapting or upgrading the system with the aim to improve efficiency.
After implementing the upgrades, the actual energy consumption is measured and recorded.
The recorded data is compared with the baseline to determine the effectiveness of the
improvements. Electricity savings are typically quantified in terms of reduced kWh (kilowatt

hour) usage.

The various programmes and initiatives active in South Africa have similar data requirements.
The ensuing part of this section will discuss energy reporting in greater detail. Reporting

requirements are classified according to initiatives and legislation policies.

1.4.2 Measurement and verification of energy reductions

Energy savings obtained as a result of the installation of DSM technologies must be verified
by accredited M&V teams. These M&V teams must adhere to accreditation rules specified
by governing bodies with regard to DSM interventions. According to the rules, M&V parties
must be independent third-party organisations and must be accredited by NERSA.

Development of a data consolidation platform for a web-based energy information system
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The IPMVP (International Performance Measurement and Verification Protocol) provides
an international standard for M&V procedures (Efficiency Valuation Organization, 2012). It
provides an overview of techniques and practices used to verify energy saving results. The
protocol does not prescribe contractual terms between parties involved in efficiency contract.
Instead, it offers guidance towards the best suited measurement and verification approach

for the specific application.

1.4.3 Reporting on demand side management projects

The DoE (Department of Energy) released a framework for the development of the necessary
rules to give effect to the incentive scheme in May 2010 (Department of Energy, 2010). The
framework discusses the SOP (Standard Offer Policy). A predetermined rate for electrical
demand savings (kW) and annual electrical savings (kWh) is established through the SOP.
The standard offer can be seen as a mechanism to attain demand-side resources through
energy efficiency and electrical load reduction. Project developers can look forward to

financial rebates based on performance.

Performance will be assessed in the form of achieved savings (kWh) for the duration of
the contract. Rebates offered by the incentive will be calculated based on avoided cost of
electricity supply as a result of DSM intervention. Additionally, M&V costs will be paid by
the SOP administrator under the oversight of NERSA. The formula provided below shows
how the rebate amount specified by the SOP is calculated (National Energy Regulator of
South Africa, 2010).

A
Rebate — B+C—X 1.1
COILE = 3760 x LEpany = (1.1)

Where:
Rebate = Rebate offered to consumers (R/kWh).
A = Cost of deferred capital expenditure for a coal fired power station (R/kW).
B = Avoided primary energy costs, based on electricity tariffs (R/kWh/annum).
C' = Operating cost avoided (R/kWh/annum).
X = Project management and marketing cost in (R/kWh/Annum).
LFpsy = Annual average load factor of EEDSM programmes (LF).

After a contract and project execution process have been established, modifications are
applied to the system. Post implementation reports and supporting documentation that

prove energy savings must be provided to governing bodies in order to qualify for rebates.
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Project costs incurred by participating in the SOP will be reimbursed granted in the absence
of verified energy savings. Energy savings are determined by comparing post implementation
energy consumption of a facility with a predetermined baseline usage (National Energy

Regulator of South Africa, 2010).

Every DSM project or programme must be performed in conjunction with a M&V team,
in accordance with the Efficiency Valuation Organization (2012). Energy savings and peak
demand savings are measured and verified to ensure that project targets have been achieved.
The project developer will only receive compensation once the work has been completed and

agreed energy reduction results have been verified by the M&V team.

Once the energy consumption parameters of the intervention have been established, M&V
teams are responsible to audit the baseline consumption figures of the facility. After the
process of installation and commissioning of approved technologies have been signed off, a
MAP (measurement and acceptance period) will commence. Savings achieved during this
period will be verified by the M&V entity and used as a basis for payment (National Energy
Regulator of South Africa, 2010).

Recording and processing of consumption data can be seen as crucial for any DSM project.
It serves not only to satisfy data needs of the M&V entity and governing authorities, but also
to inform the client and project developer of performance. Performance statistics should be

available on a regular basis in order to monitor and track project performance.

1.4.4 Tax incentive reporting

A tax allowance for energy efficiency savings was promulgated during November 2013. The
intention is to provide encouragement to the development of energy efficiency and M&V
industries in South Africa. Requirements to claim a tax allowance for energy savings in
terms of section 12L of the Income Tax Act No. 58 of 1962 have been set. The act stipulates
that an allowance will be granted to a tax entity, capable of proving energy efficiency savings,

for a full year of assessment leading up to 1 January 2020.

As with DSM projects, an energy consumption baseline needs to be established through
an accredited M&V professional in accordance with SABS Standards Division (2011). As
with DSM projects, energy efficiency savings are defined as the difference between the actual
amount of energy consumed during a specific period and the baseline amount that would

have been used in the absence of an intervention.
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Not only large scale electrical projects are eligible to qualify for the incentive. Upgrades that
improve energy efficiency in buildings such as lighting, air-conditioning or insulation that
result in reduced energy consumption of any source (electricity, coal, petroleum products,

oil and other sources) will also qualify.

Organisations wishing to claim an energy efficiency tax allowance according to the 12L
regulation need to follow certain steps. Firstly, the organisation has to register for energy

efficiency tax allowance claims with SANEDI.

An accredited M&V professional needs to be appointed to compile a report. The report
should contain figures relating to energy efficiency savings obtained during the year of
assessment. The report needs to be submitted to SANEDI who will issue approval to

comimence.

The energy efficiency savings project, as well as the tax allowance approval process must be
completed next. Upon completion, SANEDI will issue a formal energy savings certificate.
The certificate must be submitted to the South African Revenue Service (SARS) together
with a claim for tax rebate. This must be done as part of the customary tax return process
(SANEDI, 2011).

The similarities between the M&V requirements for both DSM interventions and the tax
rebate programme are clear. An ESCo (Energy Service Company) can therefore apply its
expert knowledge to both fields. ESCos can aid with the implementation of energy efficiency

projects, as well as help manage the M&V process.

The following formula will be used to calculate the deduction of taxable income for energy

efficiency savings that were achieved during the year of assessment:

(1.2)

Where:
A = Amount to be deducted (R).

B = Verified energy efficiency savings achieved during the year of assessment (kWh).
C' = Applied rate as the lowest feed-in tariff expressed in (R/kWh).
D = Constant number (2) until the Minister of Trade and Industry announces

change.

According to SANEDI requirements, consumed resources must be recorded and supplied to
M&V personnel for verification purposes. Existing infrastructure used to report on DSM

projects can be adapted to allow the import and management of tax-related data.
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1.4.5 Mandatory provision of energy data reporting

One of the key challenges that the Department of Energy face, is the lack of timely and
accurate energy consumption data. As a result, their annual publications are often late and
feature outdated data. The lack of timely data also adds challenges to policy formulation.
Timely and accurate supply, trade, stock, transformation and demand data is required when

making policy decisions.

New regulations on the mandatory provision of energy data in terms of section 19 of the
National Energy Act (Act No 34 of 2008) have been published. The regulations make
it compulsory for consumers to report on industry specific energy consumption figures if
their annual energy consumption exceeds the 180 TJ (Terajoule), or equivalent 50 GWh
(Gigawatt-hour), threshold (Republic of South Africa, 2013a).

The DoE requires reports in a prescribed form and frequency. The aim of the regulation is to
enable the DoE to collect, organise and publish energy information in an effective manner.
This will enable the department of energy to publish accurate energy data. Furthermore,

the data will be used to ensure an informed energy planning process for the country.

It is therefore imperative that these consumers record data and maintain databases that
contain accurate information. To ensure that this is possible, consumers must continuously
keep track of consumed energy resources. A reporting system designed with the purpose of

recording and safekeeping consumption data will help to address this need.

1.5 Study motivation

A data consolidation platform is a crucial component of a system tasked with collecting or
maintaining large data sets. All the reporting outcomes mentioned in the preceding sections
require similar data in order to satisfy its unique requirements. The similarities make it

possible to meet the discussed data requirements by using one comprehensive dataset.

This study addresses the need for a comprehensive energy data consolidation platform. Many
energy management systems exist, however these systems were each developed to address a
targeted purpose. These purpose orientated systems enable users to achieve specific goals
by utilising included tools. Although targeted systems offer powerful solutions, it lacks the

ability to adapt when system objectives change.

New legislative developments in South Africa created the need for a comprehensive energy

data management platform. Electricity constraints have not been resolved in recent years
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and drive the need to improve energy efficiency. New energy efficiency opportunities include
DSM programmes, as well as tax incentives. Alterations to the National energy act, regarding
mandatory provision for energy data, have been announced by government and will be

legislated in the near future.

Data consisting of a wide range of forms and frequencies need to be consolidated to comply
with the outcomes of the various programme requirements and legislation. A data consolidation
platform capable of accommodating this wide range of data is needed to provide timely
information to M&V specialists, clients and the DoE. The comprehensive data consolidation

platform developed in this study addresses the known reporting requirements.

1.6 Overview of dissertation

Chapter 1: Introduction to energy data consolidation

The present energy environment in South Africa is presented in this chapter. Programmes
and incentives, as proposed by government and regulating authorities, are introduced. The
aim of these programmes and initiatives is to promote energy efficiency. Regulatory authorities
and their various involvements in the industry are discussed. Reporting requirements,
opportunities and implications linked to energy efficiency programmes and legislation changes

are identified.

Chapter 2: Data consolidation literature study

The programmes mentioned in Chapter 1 are investigated in depth. Current opportunities
and technologies are investigated. Data-handling concepts and modelling techniques are
considered. Data consolidation methods, as well as underlying components are identified

and compared with related systems.

Chapter 3: Development of the data consolidation platform

System requirements are identified based on the findings documented in Chapter 2. A
technical discussion of the software development for the data consolidation platform is
provided. The development of software components are discussed based on identified system

specifications. Lastly, integration with an existing reporting system is discussed.
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Chapter 4: FEvaluation of the data consolidation platform

The platform was developed, as discussed in the preceding chapters. After implementation
the database was populated using sample data from clients in a range of industries. The
developed platform was used to consolidate data into a single comprehensive data set.

Results of the consolidation process are used to evaluate the efficiency of the platform.

Chapter 5: Conclusion and recommendations

This chapter provides a final discussion of the study. Completed work is summarised and
discussed. Furthermore, a conclusion of the study is provided, followed by recommendations

for further development in the field of data consolidation.
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The programmes mentioned in Chapter 1 are investigated in depth. Current opportunities
and technologies are investigated. Data-handling concepts and modelling techniques are

considered. Data consolidation methods, as well as underlying components, are identified

and compared with related systems.
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2.1 Literature study introduction

A comprehensive literature study was compiled regarding the development of a data consoli-
dation platform for a web-based energy information system. This chapter presents a concise
account of the literature study. The research problem was divided into five secondary groups.

These groups were researched in detail and form five subsections in this chapter.

Related information systems were investigated to determine positive attributes, as well as
shortfalls. Data transfer channels were considered to determine the best method to transfer
data between the client and the system. Data security considerations were regarded to
ensure that data transfer takes place safely. Different risks and methods to avoid them were

investigated.

Data consolidation considerations included the collection, preparation and storage of data.
Management considerations associated with high volumes of data and heterogeneous sources
were investigated. Data warehouse design and modelling form the final part of the literature
study. It entails the design of system that accommodates all the identified needs and the

modelling of such a system.

2.2 Related information systems

2.2.1 Energy management information systems

The International Standard Organisation announced the ISO 50001 energy management
standard in 2011 (International Organization for Standardization, 2011). The standard
introduced the Plan-Do-Check-Act cycle as shown in figure 2.1. This cycle ensures that
energy management systems are improved on a continuous basis. Improvements can be

made by reviewing reports and applying corrective actions.

The energy information system developed in this study forms a technical component of
the complete Energy Management System. It can be categorised into the Check stage
of the aforementioned cycle. The information system does not include features used to
manage energy consumption, but rather focusses on data handling and reporting of energy

performance indicators.
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Plan

Y

Act Do

Check <

Figure 2.1: ISO 50001 standard continuous improvement cycle

According to the Department of Energy (2010) an energy efficiency potential of 20% — 30%
exists across the country’s energy portfolio. EEDSM projects still have a major role to play
in reducing the electricity demand of the nation. Increasing tariffs provide ample motivation
to reduce consumption. DSM programmes offer benefits to both the consumer and supplier

by offering bill reductions and reduced system load respectively.

Many reporting solutions that satisfy DSM requirements are commercially available to
address the need. Two similar solutions have been identified and will be presented in this
section. The respective energy reporting solutions are Energy Management Information
System (EMIS) from Schneider Electric (Gillis, 2009), as well as a system developed to

report on mine compressed air systems by Goosen (2013).

There are many existing energy management systems to choose from. However, all systems
are designed with specific purposes and have limited functionality. All the new opportunities
mentioned in Chapter 1 present unique requirements. The developed data consolidation
platform aims to address the identified requirements and to provide a generic platform

capable of expansion.

Energy reporting systems comprise of similar fundamental components and offer comparable
functions. Related systems were analysed to identify possible solutions. The best solution
for the system was obtained by combining components of similar solutions. Considerations

include solution functions, as well as practical implications in the South African market.

Additionally, the platform will form a single repository capable of providing structured data
to a range of reports. Current applications in the South African setting include DSM
performance reporting, tax incentive reporting and mandatory provision of energy data.
Other solutions used to satisfy similar reporting requirement will be analysed and compared

in the following sections.
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EMIS by Schneider Electric

EMIS aims to promote behavioural change through awareness and accountability, identify
saving opportunities, and audit savings to ensure long term persistence. Schneider’s operatio-
nal and maintenance support, as well as energy conservation measure identification and

prioritisation programmes are used to achieve these goals.

Reports are compiled to address the following key values of interest: energy per product,
energy per unit, energy usage, energy demand, financial expenditure, and greenhouse gas
emissions. Different levels of detail are provided based on organisational levels. Lastly, users

can define custom reports featuring the information they desire (Gillis, 2009).

This section presents three case studies for the implementation of the EMIS system. Earth
Rangers in Canada, Fastweb in Italy and Sonofi Pasteur in France, are global examples
of institutions that implemented the EMIS system. Their requirements and the solutions
provided will be discussed. The aim of the study is to show the variety of consumer

requirements across global boundaries.

Earth Rangers is a non-profit organisation involved with protecting wildlife. They identified
several challenges with regard to energy management. Large consumption points in their
facility had to be monitored manually. Data had to be entered and processed manually using
a Microsoft Excel® Facility scorecard. Lastly, no facility to verify utility billing data existed.
The manual processes were lacking and error prone, constituting the need for an automated
system (Schneider Electric — Earth Rangers, 2011).

The implementation of Schneider Electric’s EMIS was completed in 2011 and offered a range
of solutions. Energy data from additional existing systems were imported into a central
platform. A web-based interface that facilitated remote viewing of facility performance was
launched. The system also allowed the client to target multiple credits under LEED-EB
(Leadership in Energy and Environmental Design for Existing Buildings).

Fastweb is the second largest communications provider in Italy. They have a large optical
fibre network and offer services including voice, data and video transmission. The Italian
energy market underwent deregulation between 1999 and 2010. This deregulation resulted
in a fragmented array of energy suppliers each with unique tariffs. Energy management
software was required to meet the challenges of increased energy demand, increased tariffs

and multiple supply points (Schneider Electric — Fastweb, 2010).
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An extensive requirement list needed to be addressed. Energy consumption of specific entities
such as buildings had to be recorded and verified against energy bills. Energy savings and
set points had to be monitored. A remote system was required to manage data and support

system maintenance.

Implementation of the EMIS was completed in 2010. The EMIS system was integrated
with the Fastweb Ethernet Network. Monitoring capabilities for non electrical data, such as
temperature and gas data, were established. A web interface provides real-time data access,

which allows easy monitoring and enhanced maintenance capabilities.

Sanofi Pasteur is the vaccine division of Sanofi. Their research and development, and
production facility at Marcy ’Etoile is the largest in the world and consists of more than
90 buildings. Energy data was recorded using a large network of metering devices. The
network consisted of 80 electricity meters, 13 gas meters and 170 water meters. In order to
preserve resources, an automated system was required to collect and process the energy data
(Schneider Electric — Sanofi Pasteur, 2012).

EMIS implementation was completed in four months due to the existence of a comprehensive
infrastructure. The data consolidation platform allows data collection from a range of
installed devices. The data is presented in a user-friendly format, rather than raw numbers.
Monthly reports were replaced with more regular reports. A securely hosted platform enables

users to access data from internet devices.

DSM Monitoring system by Goosen

Goosen (2013) developed a system specifically to monitor DSM projects on mine compressed
air systems. Data from mines are retrieved and processed on a daily basis. The system
generates daily reports and sends it to relevant ESCo personnel and clients via e-mail. Other

capabilities of the system include the generation of monthly reports and group reports.

Although the solution was targeted exclusively at mine compressed air systems, the infrastruc-
ture created the possibility to import data from a range of projects. This enabled users to

track the performance of numerous DSM projects.

The system proved to be a valuable tool when used to view DSM project performance,
but it had clear limitations. Data is received and processed once daily. The database
accommodated only electricity data and did not make provision for consumption figures of

other energy sources.
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Summary of energy management information systems

The EMIS offers users a range of tools to increase productivity. System strengths include
integration with existing infrastructure and user defined reporting. Furthermore, by hosting
data on the internet, users are able to track consumption and performance figures remotely

at a time convenient to them.

Goosen’s system adequately addressed the needs of the South African market at the time that
it was developed. New developments surrounding energy reporting reach further than the
scope of Goosen’s system. Data acquisition methods and integration with business partners

in the South African market have led to a solution that is tailored to local needs.

Real-time access to data enables the platforms to rapidly identify and reflect appropriate
information. However, for this to work the systems have to be integrated with existing
systems on site. The success of such interactive systems will be restricted by workers who

fear that automated systems will replace their occupations.

2.2.2 Tax information systems

The tax incentive mentioned in section 1.3.3 offers tax rebates to energy consumers if they
comply with energy efficiency requirements. The tax rebate programme is a new incentive in
the South African market. No existing solutions have been found that directly address this

programme. However, similar tax rebate programmes have been implemented elsewhere.

Two United States tax programmes were considered and are presented in this section. The
first is the recent Energy Efficient Commercial Deduction. This programme is very similar
to the tax incentive programme implemented in South Africa. In addition to this, a case
study of the BETC (Business Energy Tax Credit) programme of Oregon will be considered.

The study will be used to evaluate the long term feasibility of tax incentive programmes.
Energy efficient commercial deduction

The House of Representatives of the United States of America (2005) announced that energy
efficient commercial buildings deduction will be enacted as part of Title xiii-Energy policy
tax incentives. The act offers up to $1.80 of rebates per square foot (0,093 m?) of floor space

inside buildings.

Bourgeois et al. (2010) offer additional information regarding tax legislation. They state that

in order to qualify for these rebates the building must achieve a 50% reduction in annual
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energy costs. Alternatively, system efficiency can be measured against comparable buildings
that comply with standards set forth by ASHRAE (2013). The claimed savings must be
verified by an IRS (Internal Revenue Service) recognised individual, using an approved

computer software program.

Business Energy Tax Credit

It is clear that companies stand to gain sizable financial returns by taking part in incentive
programmes. The BETC act was legislated in 1979 and has been active ever since. Each
year an average of 280 businesses receive tax credits. According to Gouchoe et al. (2002),
the energy savings and generation that stem from this initiative equate to roughly $100
million every year. Energy conservation projects accounted for roughly two thirds of projects
submitted between 1981 and 2001.

Summary of tax information systems

From these examples it can be seen that tax incentives offer many benefits to energy
consumers who participate in incentive programmes. Both programmes showed positive
reaction from consumers. This proves that consumers react positively towards programmes
that reduce taxation. Although the certification and auditing requirements differ from
the South African programme, the same principles apply. Data must be captured and
presented to authorities in a similar fashion, proving that such a system can be implemented

successfully.

2.2.3 Resource reporting information systems

The Australian National Greenhouse and Energy Reporting Act was implemented in 2007
and will be discussed in this section. Various similarities exist between NGER (National
Greenhouse and Energy Reporting) and the mandatory provision for an energy data reporting

scheme that was proposed by the South African government.
National Greenhouse and Energy Reporting

In 2007, the Australian government introduced a energy reporting requirement namely the
NGER. The NGER Act forms a single national framework. Australian corporations use
this framework to report on greenhouse gas emissions, energy use and energy production.
Corporations must register and provide yearly reports if they exceed the predetermined

energy consumption threshold or emission threshold in a financial year.
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Guideline thresholds are 25 000 t of carbon dioxide emission, consumption of 25 GWh of
electricity or 2 500 kl fuel. A similar threshold mechanism applies to the South African
programme. Corporations must maintain data records of their greenhouse gas emissions and

energy consumption in order to compile reports in the prescribed format.

CarbonMetriX™ Data Management Software by CarbonetiX (2013) is an environmental
data management tool. The software is specifically designed to meet requirements set by
the Australian government. It offers a secure online platform that can be used to organise
and generate reports for a range of data. The software allows users to generate reports from
the data set on request. The reports conform to prescribed standards specified for NGER.

XTM

Data types supported by CarbonMetri include:

e carbon emissions;
e clectricity;

® gas;

o fuel;

e water;

® paper.

2.2.4 Single repository information system
The JEVis System

The JEVis system is used as a framework for an advanced database for energy related services
(Palensky, 2003). It combines data from heterogeneous sources and consolidates it in a single
common database. The database forms the central point of the system and offers a range of
services that stem from the central database. In addition to the data consolidation function

the system offers web-enabled services to interact with the platform.

The JEVis system consists of Java-enabled web servers and an Oracle 9i relational database.
A combination of server-side programmes are used to create an internet portal. This
combination of software is used to integrate with other technologies and collect data. These
technologies include SCADA (supervisory control and data acquisition) systems and home

automation systems.

Another aspect of the JEVis system is data security. The system is used to collect sensitive
client data including energy data. Basic security considerations are addressed by the JEVis

system and are listed on the next page:
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e secure communication channels;
e secure data storage;

e data access rights;

e smart card security systems;

e secure user interfaces.

This system is very similar to the system developed in this study. However, it is not marketed
in the South African industry. The fundamental purpose of both systems are to consolidate
energy related data from multiple sources into a single database and integrate with other

software to allow users to access processed data.

2.2.5 Summary of related information systems

In this section related information systems were investigated. Four categories were used to
discuss these system. Energy information systems included EMIS by Schneider Electric and
Goosen’s DSM monitoring system. Two incentives in the United States were considered as
examples of tax information systems. CarbonMetrix™ was considered as an example of
a resource reporting system. Lastly, the JEVis system was considered as an example of a

single repository information system.

Application specific capabilities of these systems were identified. However, none of the
systems match all the criteria of the platform developed in this study. Features from the
systems were incorporated into the developed platform. Table 2.1 summarises the capabilities

of the respective systems.

Table 2.1: Summary of related systems

EMIS Goosen UStax CarbonMetrix™  JEVis

Designed for commercial use Yes Yes Yes Yes Yes
Designed for industries/mines Yes Yes No No Yes
Data transfer integration Yes Yes No No Yes
Generic data handling capabilities No No No No Yes
External integration options Yes Yes No No Yes
Web integration Yes Yes No No Yes
Scheduled reporting capabilities No Yes No No Yes
Multi-application design No No No No Yes
DSM reporting Yes Yes No No No
Tax reporting No No Yes No No
Resource reporting No No No Yes No
Suited for South African industry Yes Yes No No No
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2.3 Data transfer channels

2.3.1 Introduction to data sharing

No analysis or reporting services are possible without relevant data. Data sharing between
clients and ESCos is a crucial component of the energy management business. Data sharing
discourages duplication of data collection and allows clients to disclose only authorised data
to external parties. By combining the energy data with account data and production data,

ESCo personnel are able to assist clients with energy related decisions.

Regular, accurate data is needed in order for an ESCo to offer dynamic services to clients.
However, the disclosure of confidential data, such as production data and financial records,
must be handled with care. A data sharing agreement documents which data are shared and
stipulates conditions of how the data can be used. The data sharing agreement is a formal

contract used to protect both parties involved in the agreement.

Along with the agreement of data composition and the use thereof, other conditions regarding
the transmission frequency and scope of data content must be established. Transmission
method and frequency of communication are major security concerns. Three methods used

to share data over the Internet are presented in this section.

2.3.2 Data transfer via e-mail

E-mails can be used to share data over the Internet. E-mail services use established protocols
including IMAP (Internet Message Access Protocol), POP (Post Office Protocol) and SMTP
(Simple Mail Transfer Protocol) to relay information between end users (Eyadat and Larsen,
2011). File sharing can be achieved by attaching data files to e-mail messages. E-mails are

popular due to high reliability.

However, e-mail services limit the size of messages and may not be able to handle large
attachments. Confidentiality is another major concern surrounding e-mail. Non-encrypted
e-mail messages can be intercepted and read or altered, without the receiver noticing. Levi
and Ko (2011) state that digital certification can be used to improve e-mail security by

verifying the source.
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2.3.3 Data transfer via online file hosting

Cloud-based file hosting allows the transfer of large files over the Internet. According to
Sanjuas-Cuxart et al. (2012) it is fast becoming the most popular method of sharing files.
Various free services offer users limited storage options. Subscription services offer more
storage space and less traffic restrictions. Specialised software offers integration with client

servers and offers scheduled synchronisation and backup services.

Authorised persons can then access the files over the Internet from virtually anywhere. Some
hosting services send URIs (Uniform Resource Identifier) to end users. The users are directed
to the files by following the link provided by the URI. Although the services claim that the
URIs are secure, the files are at risk. Hosting services often rely on predictable algorithms

used to generate URIs.

In a study Nikiforakis et al. (2011) used Honey files to measure whether attackers are abusing
FHSs (File Hosting Services) to access private information. Honey files refer to manufactured
documents that presumably contain sensitive information. The files report to a server if they
are accessed. In a single month the files were accessed more than 270 times from various IP

(Internet Protocol) addresses.

2.3.4 Data transfer via direct connection

Peer-to-peer file sharing refers to a direct connection between computers connected to the
same network (Nikiforakis et al., 2011). Specialised software enables users to connect with
specific computers using the internet. The direct connection enables users to transfer large
files between linked computers. Poor security is the downside of this method. Malicious

software or users can easily abuse the link to obtain private information.

2.3.5 Data transfer summary

Data transfer is a crucial component of the data consolidation platform. Data should be
transferred using a reliable channel. The channel must be capable of transferring data at
regular intervals. Additionally, human interaction must be avoided to ensure reliable transfer
of data. Integration capabilities and automatic transfer options also need to be considered

when choosing a data transfer channel.

Data transfer channels create vulnerable points in data systems. File hosting services

and direct access are more vulnerable to attacks than private e-mail services. Careful
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consideration has to be made to ensure that data reaches the destination platform without
interference. If data is intercepted unwanted data may be disclosed. This is a major concern

in competitive markets and will be discussed in more detail in the following section.

2.4 Data security study

2.4.1 The Internet and data risks

Since the introduction of the Internet many systems have adapted to utilise its potential.
The Internet offers users a wide network of services and platforms. One of the advantages
of utilising the Internet is the ease and speed of data transfer. However, service providers
do not guarantee security of hosted or transferred data. Users must therefore acknowledge

the risks and take precautions regarding the safeguarding of sensitive data.

Reliable control measures must be taken when sensitive data is transferred between two
entities. These control measures are necessary to maintain the integrity and confidentiality
of sensitive data. To improve security many protocols and software solutions have been
developed. System developers and administrators must investigate the risks involved when
developing a system of a particular nature. Raja (2012) conducted a study and categorised

data sharing risks as follows:

Read - gain access to unauthorised information;

Manipulate - adapt information;

Spoof - provide false information or services;

Flood - overflow computer resources;

Redirect - change the destination of information;

Composite - combination of the mentioned risks.

Additionally, Convery (2004) summarised the outcome of the mentioned attacks in five
categories:
e disclosure of information;

e corruption of information;

denial of service;

theft of service;

increased access.
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2.4.2 Risks associated with file hosting

File hosting takes place through a hosted service or a cloud. Users who can provide valid
credentials are offered access to the data. However, many services have only limited security
measures in place and present the risk of unauthorised access. According to Gruschka and
Jensen (2010) and Ramgovind et al. (2010), security is the largest shortfall of current cloud

services.

Lori (2009) state that the service is only as secure as its weakest link. The lack of security of a
single access point may compromise the entire cloud or hosting service where the data resides.
Brodkin (2008) proposes the following list of security questions that must be discussed with
cloud service providers before employing their service:

e Who has privileged access to the data?

e Is the host willing to subject to external audits?

e Does the host allow any control over the location of the data?

e [s professionally tested encryption available at all stages?

e Does the host offer file recovery, and what is the duration of such an event?

e Does the vendor have the ability to investigate illegal activity?

e What happens to the data when the vendor closes down?

e Can the data be moved to a different environment?

These questions will help to identify reliable vendors. Further considerations must be
investigated with regard to data access. Gruschka and Jensen (2010) discuss potential attack
surfaces involved with hosting services. Consider the cloud computing scenario shown in
Figure 2.2. The three participants in this scenario are: service users, service instances and

cloud providers.

Every interaction in the scenario can be linked to two participants. Additionally, every
attack has two potential surfaces. The identified surfaces are:
A service-to-user;
user-to-service;
cloud-to-service;
service-to-cloud;

user-to-cloud; and

MmO QW

cloud-to-user.
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Figure 2.2: Cloud computing attack surfaces

Secure hosting services can improve security when using internet services. Secure services
cause significant increases in system workload. Melnikov and Zeilenga (2006) support this by
stating that a HTTPS (Hyper-Text Transfer Protocol with SSL Encryption) connection takes
significantly more processing power and memory than standard connections. Alternatively,
encryption can be used to secure data in a cloud or a hosting service. Encryption options

will be discussed in more detail in 2.4.4.

2.4.3 Risks associated with e-mail messages

Typically, information is transferred specifically between a person in organisation A and
a person in organisation B, or in general from organisation A to organisation B. Services
such as PKI (Public Key Identification) or PGP (Pretty Good Privacy) can be employed
to provide basic person to person security (Park and Devarajan, 2007). However, message
transfer between organisations is much more complicated. Figure 2.3 shows an example of

communication between two organisations.

Implementation of these basic authentication measures as mentioned above is not a viable
security solution. This is attributed to the fact that the sender does not have direct contact

with the receiver.

Development of a data consolidation platform for a web-based energy information system

29



Chapter 2. Data consolidation literature study
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Figure 2.3: Inter-organisation data transfer

E-mail related risks can be divided into two categories, namely e-mail server risks and e-mail
service risks. Security considerations must be taken to ensure the security of both these

categories. Raja (2012) identified the following ten e-mail related risks:

e risk of network access or attack;

e mail transfer agent package risk;

e open relay risk;

e spam risk;

e virus risk;

e command abuse risk;

e mail header misuse risk;

e insecure webmail risk;

e unsafe IMAP of POP3 servers; and

e unsafe message content risk.

System developers or system administrators must evaluate the risks surrounding mail servers
and messages. Various firewalls and protection software packages are designed to safeguard
these systems and are available to consumers. Park and Devarajan (2007) discuss guarding
software between users or the system and the internet. The guard software verifies that the
content is safe to distribute or receive. Encryption is another alternative security measure
that has been implemented with great success (Jain and Gosavi, 2008). The next section

will look at encryption in more detail.
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2.4.4 File encryption

Patel et al. (2013) defines cryptography as the science that studies mathematical techniques
for keeping messages secure and free from attacks. The process of encryption and decryption
can be seen in Figure 2.4. Firstly, a secret key is used in conjunction with an encryption
algorithm to convert the data from plain text to cipher text. The cipher text is unintelligible
and must be decrypted using the correct key and algorithm in order to reconstruct the

original plain text (Asif Mushtaque et al., 2014).

Source Destination

Cipher text

Encryption m Decryption
Plain text —_— e Plain text

¢

Figure 2.4: Encryption and decryption process

Many encryption algorithms have been developed and are available widely. These algorithms
can be categorised into two primary divisions, namely symmetric-key cryptography and
public-key cryptography (Chaudhari and Patel, 2014). Symmetric-key cryptography, also
referred to as private key encryption, can be subdivided into block ciphers or stream ciphers.

Figure 2.5 provides a visual representation of the classifications.

Jain and Gosavi (2008) propose encryption as an option to safeguard e-mail contents.
Encryption can be implemented to provide similar security to files uploaded to a cloud
service. Private-key and public-key encryption methods can be used to secure messages and
files. However, the set-up process involved with public-key encryption, combined with the
additional overhead of distributing and maintaining keys, is too complicated for the average

user. Therefore, private key encryption is the preferred encryption method.
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Cryptography
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Public-key Private-key
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Figure 2.5: Encryption classification

The two most popular private key encryption algorithms will be compared throughout the
remainder of this section. The two algorithms considered are AES (Advanced Encryption
Standard) based on the Rijndael algorithm, as well as the Blowfish algorithm. Both these

algorithms have positive and negative aspects and will be discussed in more detail.

According to Shao et al. (2010) AES is based on a submission and permutation network.
The algorithm makes use of a fixed block size of 128 bits and accepts key sizes of 128, 192, or
256 bits. The algorithm is executed a fixed number of rounds depending on the key length.
The algorithm will be executed 10, 12 and 14 times for keys with a length 128 bits, 192 bits
and 256 bits respectively. Each round of processing involves the following steps (Chaudhari
and Patel, 2014):

e divide plain text into blocks and substitute bytes within these blocks;

e shift rows according to a simple permutation;

e mix columns by multiplying the elements contained in the shift row with the algorithm’s

matrix;

e add the round key to the data through an exclusive or operation.

Blowfish is another symmetric block cipher. The algorithm is a Freisel Network that iterates
through an encryption function 16 times. It makes use of a 64-bit block and accepts variable
key lengths ranging from 32 bits to 448 bits. The algorithm can be divided into two parts,
namely a key expansion part and a data encryption part (Asif Mushtaque et al., 2014).
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Blowfish is often preferred over alternative algorithms such as AES because of superior

results during speed tests (Elminaam et al., 2010).

According to Singh and Maini (2011), AES is flexible and can be implemented on a range of
devices. The only known attacks that have succeeded against AES and Blowfish algorithms
are brute force attacks. Chaudhari and Patel (2014) mention that Blowfish is considered
insecure for many applications and must be improved with additional safety measures.

Blowfish is considered to have superior performance when evaluating execution time.

Although Blowfish offers faster execution times, cipher text derived using this algorithm is
larger than the AES alternative. This can be attributed to the difference between key size
and block size (Asif Mushtaque et al., 2014). Therefore, AES can be considered superior
when transmission of data is considered, because data transmission requires more resources
than computation (Hirani, 2008). Table 2.2 provides a size comparison of files generated

using different encryption algorithms.

Table 2.2: Encrypted file size comparison

Algorithm Size before encryption Size after encryption Size after decryption
DES 240 KB 328 KB 240 KB
TDES 240 KB 614 KB 240 KB
AES 240 KB 847 KB 240 KB
Blowfish 240 KB 955 KB 240 KB
Twofish 240 KB 955 KB 240 KB

2.4.5 Summary of data security considerations

Security risks were investigated and categorised into three sections namely: internet risks, file
hosting risks and e-mail risks. Various vulnerabilities were identified and discussed. Many

risks can not be avoided, because of the system’s dependence on internet services.

Reasonable data security can be achieved through careful consideration of these risks. Secu-
rity measures must be implemented to ensure that limited persons have access to privileged

data. Data sharing policies need to be enforced to ensure secure data transmission.

Encryption can be used when sharing data. This will render files useless to most attackers
who obtain data using malicious methods. Attacks exists to decrypt encrypted files, but
it takes long and may cause a large enough delay to render the data useless. AES offers
strong encryption capabilities and is a widely used standard. It can be integrated with most

systems by simply using existing libraries.
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2.5 Data consolidation considerations

2.5.1 Introduction to data consolidation

The purpose of data consolidation is to collect, prepare and store data. Cases such as the
one presented in Copin et al. (2010) involve many stakes. High volumes of capitalising data,
seasonal data, as well as data streams need to be processed. The data are typically collected
from various sources and are of a heterogeneous nature. The consolidation software is tasked

with restructuring the data to an acceptable state for storage.

To effectively manage the vast amounts of data, EPIs (Energy Performance Indicators)
should be identified. These performance indicators must be measured regularly. The
measurements must then be compared with baseline measurements to evaluate system perfor-
mance (Velazquez et al., 2013). Another frequently discussed concept is data mining. Hooke
et al. (2004) define data mining as the process of extracting comprehensive information from

immense datasets to improve business decisions.

2.5.2 The data consolidation process

Vassiliadis et al. (2002) define ETL (Extraction-Transformation-Loading) as a software set
responsible for the extraction of data from multiple sources, its cleansing, customisation,
reformatting, integration and insertion into a data warehouse. From the definition the
process can be seen as very important, however, very little research is available in the field.
Kimball and Caserta (1996) propose that this is due to the absence of a modelling standard

representing the ETL activity between data sources and the data warehouse.

Both Vassiliadis et al. (2005) and Simitsis et al. (2005) describe the functionality of ETL

tools by discussing its five most prominent tasks. It is responsible for:

e identifying of relevant information at the source side;

e extracting process involved with gathering the identified data;

e integrating the collected data and restructuring it to a common format;
e cleansing the data to conform with business rules;

e finally, loading the data into the database or data warehouse.

A supportive description of the ETL process in three steps is provided by El-Sappagh et al.
(2011). The proposed steps are extraction, transformation and loading respectively. During
the extraction phase, data presented in various formats are collected from a number of

sources. The transformation step cleanses the data to a correct, complete, consistent and
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unambiguous format. Lastly, the data is loaded into dimensional structures and stored. The

visual representation of the process can be seen in Figure 2.6.

Extract —> Transform Load
Data Da'Fa Data
Sources Staging Warehouse
Area

Figure 2.6: Extract, transform and load process

Six requirements for an ETL system can be derived from the model, proposed by El-Sappagh
et al. (2011), namely:

e support integration from multiple sources;

e is robust with regard to changing sources;

e provides support for flexible transformations;

e can be employed in a suitable environment;

e is capable of handling various ETL operations;

e is simple in creating and maintaining.

The ETL process is usually executed automatically by the system and not by user guided
sessions Vassiliadis et al. (2005). Typical systems will employ batch processing techniques to
run the process on a scheduled basis. This enables system administrators to create backup

files while the system is in a consistent state.

2.6 Data warehouse design and modelling

2.6.1 Data warehouse fundamentals

Felden and Chamoni (2003) define a data warehouse as a subject orientated, integrated,

non-volatile, and time variant collection of data. A data warehouse consists of architectures,
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algorithms and tools used to consolidate data from multiple sources. The consolidated data

is stored in a single repository that can be queried and analysed (Cui and Widom, 2003).

The power of a data warehouse lies in the fact that heterogeneous systems are combined
to form a single comprehensive repository. The warehouse is used to effectively collect and
manage large sets of data. Advanced data analysis is possible, when combining the warehouse
with an OLAP (On-Line Analysis Processing) tool (Gokge et al., 2009).

The design of warehouse systems is complicated due to the size and complexity of the systems
with which it must be integrated. The systems are often required to be scalable and must
provide consistent and reliable operations from a heterogeneous range of data. Hoang et al.
(2012) acknowledges that the design and maintenance of such a complex system can be

challenging.

The following list of steps is provided to aid with implementation of a data warehouse:
e analyse the critical subject area;
e study existing models and data needs;
e design a logical data model and physical database;
e design back end services and applications;

e deploy database implementation and initiate the system with starting values.

2.6.2 Database design of a data warehouse

From the preceding section it is clear that many elements have to be considered when
designing a data warehouse. The most important element is the database itself. Database
design influences both data import and data extraction tasks. According to Inmon (2005)

the quality, correctness and completeness depend on how well the data model is structured.

Inmon (2005) conducted an exhaustive study of available database design patterns. In this
section the general star design pattern will be considered. According to Blaha (2010) data
warehouse applications make use of the star schema pattern frequently. The pattern is
structure orientated and represents data as facts associated with dimensions. Facts are used

to measure performance and dimensions are used to describe the facts.

The structure is simple to implement and allows easy access to ad-hoc queries. Figure 2.7
shows a visual representation of a star schema (Inmon, 2005). The primary keys of the
dimension tables are used to form a composite primary key in the fact table. Fact data is
entered at that location and is specified by clearly defined dimensions. This design allows

users to select specific fact data based on a combination of dimensions.
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Dimension A Dimension X
A_ID —+— Fact Data —+  X_ID
A_Detail X_Detail
< A _ID > |
B_ID
X_ID
Y_ID
Dimension B < Value > Dimension Y
B_ID —— —t— Y_ID
B_Detail Y_Detail

Figure 2.7: Star database schema

To improve data recovery and make multi-user access possible DBMS (Database Management
System) employ a set of rules referred to as ACID (Atomicity, Consistency, Isolation and
Durability) (Frank, 2011). These rules ensure that the database remains in a consistent
state. The four elements along with referential integrity will form the discussion throughout

the remainder of this section.

Atomicity guarantees that either all of the updates of a transaction are committed or that
nothing is committed. This property makes it possible to re-execute failed transactions.
The consistency element ensures that the database is in a valid state after completion of a

transaction.

Isolation ensures that execution of concurrent transactions result in a similar manner as
sequential transactions. The isolation element is important in situations where more than
one user has access to the system at a given time. Durability ensures that committed
transactions are stored. The history of these transactions will remain unchanged in the

event of system failure.

Referential integrity is used to link figurative parent and children and ensures that no child
can exist without a parent. Two options are available when enforcing referential integrity.
The first option removes all referenced child entries when parent entries are removed. The
other option prevents the removal of parent entries until all the referenced child entries are
removed. If the database is stored in a single location this local integrity control is sufficient
(Frank, 2011).
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2.6.3 Modelling the database

The original ER (Entity-Relationship) model was put forward by Chen (1976). Since then
many contributions have been appended to add further semantics to the model. UML
(Unified Modelling Language) was developed as a standard modelling language to support
OOAD (Object Orientated Analysis and Design) (Fowler, 2004). In recent years UML has

evolved and is used as a popular notation when designing conceptual databases.

Figure 2.8 shows an example of a UML class (a) next to an ERD (Entity Relationship
Diagram) entity (b). Attributes listed in both diagrams are listed in plain text and define
properties of the entity.

Module Name
Attribute Attribute
Attribute Attribute
Operation
Operation

(a) UML (b) ERD

Figure 2.8: Comparison between UML and ERD

Properties contained with entities are linked to one another with lines. Figure 2.9 provides a
visual representation of linked entities. The link shown in (a) is compulsory and is indicated

with a solid line. The link seen in (b) is optional and is indicated by a dashed line.

Further detail surrounding the relationship between entities are provided by using different
line ends. Refer to Figure 2.10. In this figure (a) represents a one-to-one relationship between

entities, while (b) shows a one-to-many relationship.
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oy

(a) (b)

Figure 2.9: Comparison between compulsory and optional lines

Aggregation and composition are used to further describe a relationship between entities.
Both these relationships link an auxiliary entity to a whole entity. If the whole entity is
destroyed and the auxiliary entity can still exist and function on its own, the relationship
is called aggregation. In the alternative case, the auxiliary entity forms part of the whole
and ceases to exist if the whole entity is destroyed. Such a relationship is referred to as

composition.

(a) (b)

Figure 2.10: Comparison between one-to-one and one-to-many links
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2.7 Summary of literature study

Related information systems were considered based on four categories. The categories were
energy information systems, tax information systems, resource reporting systems and single
repository information systems. The systems were compared based on their respective
capabilities. The combined set of systems provided a good indication of required system

capabilities, however none of the systems addressed all the system requirements.

Data transfer focussed on finding a reliable channel to transmit data from the client to
the developed system. The aim was to identify a channel that does not require human
interaction. Email was chosen as the preferred method because of its stability an security

advantages over the other options that were regarded.

The developed system handles confidential client data and must therefore have data protection
elements in place. A range of risks and methods to avoid them were discussed. Data

encryption and security procedures provide sufficient levels of data security.

Data management systems and the modelling of such systems were investigated. The
research was used to conceptualise a solution based on similar structures. Modelling tools

were identified and later used to create the developed solution.
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System requirements are identified based on the findings documented in Chapter 2. A technical
discussion of the software development for the data consolidation platform is provided. The
development of software components are discussed based on identified system specifications.

Lastly, integration with an existing reporting system is discussed.
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3.1 Introduction to platform development

The previous chapters provided background information for the study. Chapter 1 focussed on
the problems at hand, while Chapter 2 considered similar problems and possible resolution
methods. In this chapter the development of the new system will be discussed. The contents
of the discussion include system specifications, the design details, as well as a discussion of

the implementation process.

A rapid prototype life cycle methodology was used to develop the platform. Development
started with an examination of related systems, followed by the development of the initial
prototype database. Next, supportive software structures were developed and integrated
with the existing energy management system. An iterative refinement process was used to

address changing requirements and preferences.

The initial structure was adapted to deliver a generic framework, which offers extensive
data handling capabilities. The generic database is coupled with a software structure that
can adapt by adding modular software components. This enables the system to adapt and

expand when requirements change.

Specialised process modules are integrated with the system framework as shown in figure
3.1. The generic framework is indicated in blue, while specialised models are shown in grey.
These specialised models have the ability to adapt to allow unique data handling capabilities

while not influencing the primary structure.

Figure 3.1: Modular software framework
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The developed platform will be discussed in three parts. The database structure will form
the first part of the discussion. Supportive software modules will form the second part of
the discussion. Lastly, the discussion will include a section dedicated to the implementation

process and integration with the existing system.

System specifications were established before development was possible. A number of system
constraints exist due to integration with the existing energy management system. These
constraints force certain design decisions into a specific direction. System specifications were
derived by considering these restrictions, in combination with the contents of Chapter 1 and

Chapter 2. The following section will provide a comprehensive list of specifications.

3.2 System specifications

3.2.1 Identified constraints

The developed data consolidation platform forms the backbone of the energy information
system. An existing web-based energy management system is used as a starting point. The
developed system must therefore integrate with the existing system. Integrating the solution
with the existing system eliminates a large volume of redundant work and provides users

with a familiar interface.

However, integration with an existing solution results in compatibility constraints. In
order for the developed platform to integrate with the current system two critical system
constraints were identified. First, the DBMS is limited to MySQL. The second constraint
limits the scripting language to PHP (PHP: Hypertext Preprocessor).

While developing the existing system Goosen (2013) identified MySQL as a suitable DBMS
solution. MySQL was chosen as DBMS for this solution as well, due to sufficient functionality
and integration prospects. Table 3.1 shows a comparison of available database management

systems.

Communication channels with clients are limited, due to security policies and intellectual
property concerns. The existing system used e-mails to transfer data between clients and
the ESCo. To avoid unnecessary conflicts and human relation matters, these established

communication channels were chosen to transfer data to the new system as well.
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Table 3.1: Comparison of database management systems

Database Edition
Community edition
MysaL *
Standard edition
PostgresQL 2 -
Express edition
Oracle 3
Standard edition
sQlite * =
Microsoft SQL Express edition

server ° Standard edition

Cost
Free

US$ 2 000 p.a.
Free

Free

USS 17 500 p.a.

Free
Free

US$ 7172 p.a.

Licence
GPL
Proprietary
PostgreSQL
Proprietary
Proprietary
Public domain
Proprietary

Proprietary

Database size
Unlimited
Unlimited
Unlimited
4GB

Unlimited
128 TB
4 GB

524 PB

Security Support
Medium No
Medium Yes
High Optional
Medium No
High Yes
Low Optional
Medium No

High Yes

The developed platform must address known system requirements. Identified requirements

can be placed in four categories, namely: general system requirements, Demand Side Manage-

ment requirements, tax incentive requirements and lastly, resource reporting requirements.

The list in section 3.2.2 provide more details for each of the mentioned categories.

3.2.2 Platform requirements

A list of platform specifications is provided below:

e General platform requirements:

— The platform should accommodate energy data.

— The system must be capable of storing production data.

— Data sampled at fixed intervals must be accommodated.

— Budget and actual data must be stored for comparison.

Original files must be archived for M&V purposes.

without modifications to its framework.

e DSM requirements:

The platform must accommodate a range of data sources.

— The platform must be able to store electricity data.

'MySQL (2014)
ZPostgreSQL (2014)
3Oracle (2014)
1SQLite (2014)
SMicrosoft (2014)

The platform must be capable of accommodating new processing extensions
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— The platform must accept electricity data in the form of energy data and power
data.

— Data samples for numerous intervals during a single day should be accommodated.

— Budget and tariff data must accompany measured data and should be handled.

— Relevant production and climate data should be stored for support purposes.
e Tax incentive data requirements:

— The platform must be able to store energy data.

— Energy data is not limited exclusively to electricity but all energy data types.

— Energy baselines, budget data and actual measurements must be stored.

— Data is not limited exclusively to electricity but all energy data types.

— Various data intervals should be accommodated, such as monthly and daily figures.
e Resource reporting requirements:

— Actual energy data and production data must be handled.

— Data is not limited exclusively to electricity but all energy data types.

— Various data intervals should be accommodated, such as monthly and daily figures.

— The system should be able to handle various measurement units.

The platform must be capable of consolidating the measurements to a single

quantifiable total.

3.3 Database design

3.3.1 Development of the generic database

A new database structure had to be developed to allow generic data handling. The developed
generic structure allows users to import and store a wide range of energy and production
data. The structure was modelled by creating multiple tables and links to form a relational
database model. Initial values were entered into the tables. Unique system modes are

obtained by selecting different combinations of these values.

MySQL Workbench was used to develop ERD diagrams of the new database. The software
offers powerful tools that can be used to add components included in a relational database
model. The diagrams were then synchronised with the database. The created tables form
the generic database structure of the data consolidation platform. The remainder of this

section will stage the developed structure.
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3.3.2 The generic tag

The key to the generic data consolidation platform is to break imported data down to
components that are available on a universal level. Imported data is studied to find identifiers
and corresponding values. Tags are used to specify attributes associated with the identifiers.
These tags form the core elements of the data structure and are used to identify data elements

throughout the platform.

Figure 3.2 shows the structure of the GenData_Tag in combination with associated property
tables. Regard the GenData_Tag table, the first four fields are used to store unique descriptive
elements of the tag. The t_ID field is used to identify the tag and link it to various other
tables in the database. The last four entries in the GenData_Tag table are foreign key entries.

These fields link the tag to records contained within the other displayed tables.

_] GenData_ValueTypeSet ¥ _] EMail_TagPreFix ¥
vts_ID INT(11) tpf_ID INT(11)
vts_Name VARCHAR(45) _ —] Genbata_Tag ! (————— I+ © tpf_String VARCHAR(45)
vts_Description VARCHAR(128) | tID INT(11) | 2 fk_g_ID INT(4)
. |l t_Name VARCHAR(128) } .
— — — —I< © t_Description VARCHAR(128) PI— ————
t_IsCustom TINYINT(1)
% fk_vts_ID INT(11)
R | @ fi_tpf_ID INT(11) S —— 1
"] GenData_TagUnit ¥ | % fk_tu_ID INT(11) | _] GenbData_TagSource ¥
tu_ID INT(11) P _____ J' > fi_ts_ID INT(11) 'L | /smomTan
tu_Description VARCHAR(45) > ts_Name VARCHAR(45)
> >

Figure 3.2: Generic tag structure

Foreign keys are used to link identifying fields from other tables with the tag. This enables
the system or administrators to select pre-existing values and assign it to the tag. Powerful
advantages of referential databases are obtained through denormalised tables. Valid fields
are created and maintained through referential integrity. Single entry modifications allow
bulk updates to be applied to all linked tables.

3.3.3 Storing processed values

During processing data are extracted from files and stored in the database. Refer to
Figure 3.3. The GenData_ValueProcessed table as shown in the figure is used to store
the processed data. The primary key or unique identifier of the GenData_ValueProcessed

table is a composite key derived by combining the record date with a vt_ID from the
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GenData_Value Type table, as well as t_ID from the GenData_Tag table. A value is assigned

to each row and will be used to generate reports.

The GenData_Value Type table contains a list of known value sample types. Typical examples
are time labels such as 01:00 or total values such as daily_total. Value sets are formed by
combining entries contained in GenData_Value Type. GenData_Value TypeSet provides a list
of sets. Each set is linked to a number of entries in the GanData_ValueType table through
the linking table, GenData_Value Type LINK_Value TypeSet.

m GenData_ValueTypeSet ¥

"] GenData_ValueTypeLINK_ValueTypeSet ¥
vts_ID INT(11)
! fk_vts_ID INT(11)
——- vts_Name VARCHAR(45)
! fk_vt_ID INT(11)

j GenData_Tag v i vts_Description VARCHAR(128) -
t_ID INT(11) | >
t_Name VARCHAR(128) | ¥
t_Description VARCHAR(128) P1— — -
t_IsCustom TINYINT(1)
% fik_tu_ID INT(11)
% fk_ts_ID INT(11) "
% fk_vts_ID INT(11)
o i tpf ID INT(L1) | GenData_ValueProcessed ¥ +
> vp_Date DATE L GenData_ValueType ¥V
? fk_t_ID INT(11) vt_ID INT(11)
? fk_vt_ID INT(11) vt_Description VARCHAR(45)
vp_Value VARCHAR(45) »

Figure 3.3: Data storage structure

Tags contained within the GenData_Tag table use are fk_vts_ID foreign key column to link
to items in the GenData_ValueTypeSet table. The linking system discussed previously is
used to find value types linked to a specific tag. For each value type assigned to the tag, a
composite key consisting of the date, t_.ID and vt_ID is derived. The corresponding value is
extracted from the input file and stored with the derived key in the GenData_ValueProcessed
table.

3.3.4 E-mail handling structure

The collection of E-Mail tables as shown Figure 3.4 are used to link e-mail messages and
their contents to processes. The file system used to manage the processing procedure is

created in correspondence with the structure provided by this group of tables.

Development of a data consolidation platform for a web-based energy information system

47



Chapter 3. Development of the data consolidation platform

:I System_Group v
g_ID INT(4)
Name VARCHAR(32) "] EMail_MailBox v __] EMail_ProcessType ¥
g_Name
g_Description VARCHAR(64) mb_ID INT(11) pLID INT(11)
_| ripti
Loon VARCHAR(512) mb_Address VARCHAR(128) pt_Key VARCHAR(45)
g_Logo
o Template VARCHAR(512) < mb_Password VARCHAR(45) pt_Description VARCHAR(128)
_ H——— —
o_Presentation VARCHAR(512) mb_ProcessEmails TINYINT(1) pt_ClassName VARCHAR(45)
_Pr i
mb_DeleteEmails TINYINT(1) pt_ClassFile VARCHAR(64)
g_FinancialYearStart INT(2) N
o fk_g_ID INT(4
g_Share_id VARCHAR(8) - “ .
£
g_IsAdminGroup TINYINT(4) . T
> T '
| |
+ | l
| | |
| | |
| | |
A A A
; ; _] EMail_Subject v ; ;
—| EMail_TagPreFix ¥ ) _| EMail_SubjectLINK_ProcessType ¥
s_ID INT
tpf_ID INT(11) slpt_ID INT(11)
s_SubjectString VARCHAR(128)
tpf_String VARCHAR(45)  Hj— — — — —| o & mb_ID INT(L1) - — — = — |< @ fk_s_ID INT(11)
_mb_
» fk_g_ID INT(4) % fk_pt_ID INT(11)
 fik_tpf_ID INT(11)
| 2 N >

m EMail_SubjectLINK_ProcessTypeLINK_Project Vv
! fk_proj_ID INT(11)
! fk_slpt_ID INT(11)

Figure 3.4: E-mail handling tables

The EMail_Mailbox table contains a list of mailboxes and their respective details. A private
mailbox is assigned to each organisation. These organisations are typically mining groups
or industrial groups and are stored in the System_Group table. Groups are linked to items
in the EMail_TagPreFiz table as well. E-mail subjects are used to identify specific messages
in linked mailboxes. Each subject is linked to a specific tpf-ID with a foreign key to for

navigational purposes.

E-mail subjects are linked to process types contained in the EMail_ProcessType table. The
Email_Subject LINK_Process Type table is used to create this link. In cases were the data are
used for more than one purpose, EMail_Subject LINK_Process TypeLINK_Project uses slpt_ID

to link received messages to external projects .

A list of existing processes are stored in the EMail_ProcessType table. The table provides a
description of each entry, along with the class name and file in which it is contained. During
processing linked processes will be executed on linked files that are stored in the file system.

A discussion of the physical file structure is provided later in this chapter.
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3.3.5 Importing REMS files

REMS (Real-time Energy Management System) log files are some of the primary data sources
of this system. REMS was developed by the same company that use the system developed
in this study. Files created by REMS will thus be used frequently by the developed system

and is considered as one of the primary data sources.

The REMS process has a special set of tables used to describe files. Consider Figure
3.5.  EMail_ProcessType and EMail_SubjectLINK_ProcessType tables have been discussed
in previous sections. In the case of REMS files, four auxiliary tables are used to manage the

data import process.

m EMail_SubjectLINK_ProcessTypeLINK_Project Vv
! fk_proj_ID INT(11)
! fk_slpt_ID INT(11)

>
T m EMail_ProcessType V
; ; _] EMail_SubjectLINK_ProcessType ¥ pt_ID INT(11)
_] GenProc_SubjectLINK_File ¥
slpt_ID INT(11) pt_Key VARCHAR(45)
! fk_slpt_ID INT(11)
»fks IDINT(1L) B ——— pt_Description VARCHAR(128)
! fk_f_ID INT(11)
> @ fk_pt_ID INT(11) pt_ClassName VARCHAR(45)
> pt_ClassFile VARCHAR(64)
T >
_] GenProc_Column_REMS_ZIP ¥V
+ ] GenProc_Version ¥ ¢_ID INT(11)
__] GenProc_File v v_ID INT(11) c_ColName VARCHAR(45)
f_ID INT(11) v_FileVersion VARCHAR(45) c_IsRepeat INT(1)
_______ D [ ——
f_UniqueString VARCHAR(45) v_Startrow VARCHAR(45) c_IsCompName INT(1)
» @ fk_f_ID INT(11) c_IsExportTag INT(1)
> fk_v_ID INT(11)

Figure 3.5: REMS file structure

GenProc_File is used to store a list of possible REMS files. Generic identification phrases are
identified and stored within the table. Unique phrases in file names are linked to downloaded
e-mails and used to select appropriate files from a list of possibilities. The file version
is linked to a specific column configuration specified in the GenProc_Column_REMS_ZIP.

GenProc_Version is used to create links between files and column configurations.
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3.3.6 PDF import database structure

The final import facility developed to date allows data import from intermediate database
tables. An external data collection application is used to extract data from PDF (Portable
Document Format) files such as accounts. The external application accessed the database
and stores collected results in the GenData_PdfImport table. Specified values are stored
along with a range of identifiers.

_] GenData_PdfImport ¥

pi_ID INT(11)
pi_Timestamp DATETIME

pi_Date VARCHAR(255) "] GenData_Accounts v
pi_ID1 VARCHAR(255) __| GenData_AccountType ¥ a_ID INT(11)

pi_ID2 VARCHAR(255) at_ID INT(11) a_AccountNumber VARCHAR(64)

pi_Value VARCHAR(255) B>—————— 4| > at_Name VARCHAR(128) - —— — — —] |< <+ a_AccountNumberSecondary VARCHAR(64)
pi_Filename VARCHAR(255) at_SourceKey VARCHAR(45) a_Description VARCHAR(128)
pi_IsTransferred TINYINT(4) > @ fk_at_ID INT(11)

p_IsForOld TINYINT(4) >

» fk_stt_ID INT(11)

¥ fk_at_ID INT(11)

>
\4
|
: j System - :l mSystemLINK_Accounts V
| ! fk_a_ID INT(11)
| s_ID INT(11)
I ! fk_s_ID INT(11)
| s_Name VARCHAR(45) H }
? fk_tpf_ID INT(11)
| s_Description VARCHAR(128)
| S  EMail_TagPreFix_tpf_ID INT(11)
: >
| \'4
| |
| |
| |
| |
¥ |
"] GenData_TagLINK_System ¥ |
"] GenData_SystemTagType ¥
! fi_s_ID INT(11) |
stt_ID INT(11) |
! fk_t_ID INT(11) |
stt_Name VARCHAR(45) |
N ? fik_stt_ID INT(11) |
> |
|
|
|
|
|
|
|
"] GenData_Tag v :
t_ID INT(11) +
_] GenData_ValueProcessed ¥ t_Name VARCHAR(128) ) EMail_TagPreFix ¥
vp_Date DATE t_Description VARCHAR(128) tpf_ID INT(11)
? fk_t_ID INT(11) t_IsCustom TINYINT(1) || © tpf_String VARCHAR(45)
? fk_vt_ID INT(11) & fk_tu_ID INT(11) % fk_g_ID INT(4)
vp_Value VARCHAR(45) & fk_ts_ID INT(11)
> & fk_vts_ID INT(11) >
& fk_tpf_ID INT(11)

Figure 3.6: PDF import database tables
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Figure 3.6 provides a visual representation of the tables used to import PDF data. The shown
supporting tables are used to link the imported values to specific systems and accounts. Tags
can be created using support data linked to the imported values. The data is then transferred

to the GenData_ValueProcessed table and stored for reporting purposes.

3.3.7 Event log structure

Figure 3.7 shows the event log structure used by the developed system. The FEwventLog
table serves as origin for the structure. A record is created in the FventLog table for every
significant event. FventLog_Type stores a list of possible event types. Every possible event

type has a unique identifier supplemented with additional details.

Application specific tables are linked to FventLog using its primary key as identifier. Eventlog
_EMailTransmit and FEventlog.EMailAttachment are used to store additional information
associated with incoming and outgoing e-mail messages. Fventlog EMailAttachment uses a

reference from EMail_Subject. This reference is used to track specific recorded events.

FEventlog_ProcessFile and FEventlog_ProcessFile LINK_ValueProcessed are linked to unique
events recorded in Fventlog. Eventlog_ProcessF'ile contains details associated with imported
files and their stored location. The links indicated in the figure connects a number of tables
to Fventlog_ProcessFileLINK_ValueProcessed.

The network of tables linked to Eventlog_ProcessFileLINK_ValueProcessed is used to track
processing events. Each entry in the aforementioned table consists of a unique identifier, a
tag reference, a file reference and a data date reference. This enables system administrators

to track data changes and restore unwanted changes from files that are stored in the archive.
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? fk_el_ID INT(11)
<> emt_From VARCHAR(60)
<> emt_To VARCHAR(60)

7 fk_el_ID INT(11)
<> ema_FileName VARCHAR(255)
<> ema_MessagelD VARCHAR(45)

/s_ID INT(11)

> s_SubjectString VARCHAR(128)
@ fk_mb_ID INT(11)

@ fk_tpf_ID INT(11)

< emt_Subject VARCHAR(60) 9 fk_s_ID INT(11)

< emt_Attachment VARCHAR(512)

! ty_ID INT(11)
< ty_Name VARCHAR(45)
 ty_Description VARCHAR(128)

 el_ID INT(11)
> el_DateStamp DATETIME
@ fk_ty_ID INT(11)

< el_IsSuccess TINYINT(4)

¢ pf_ID INT(11)
<> pf_FileName VARCHAR(100)

| < pf_ArchiveName VARCHAR(100)
> pf_ArchiveLocation VARCHAR(255)
@ fk_el_ID INT(11)

© pflvp_ID INT(11)

@ fk_el_pf_ID INT(11)
“» fk_vp_Date DATE
9 fik_t_ID INT(11)

@ fk_el_ID INT(11)

7 t_ID INT(11)
< t_Name VARCHAR(128)

< t_Description VARCHAR(128)
 t_IsCustom TINYINT(1) .

' vp_Date DATE
T fk_t_ID INT(11)

v " 7 fk_vt_ID INT(11)

@ fk_vts_ID INT(11)
<> vp_Value VARCHAR(45)

@ fk_tpf_ID INT(11)
@ fk_tu_ID INT(11)
@ fk_ts_ID INT(11)

Figure 3.7: Event log structure
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3.4 Developed software modules

3.4.1 Overview of the process

The database structures discussed in the preceding section are used for two main purposes
during processing. Firstly, the structures are used to determine the system’s structure. This
includes details such as which e-mail mailboxes to check, where files should be stored once
downloaded and what processes should be executed on specific tasks. Secondly, processed

results are stored in the corresponding database tables.

Processing takes place on a scheduled basis. A list of steps are followed to complete the
processing procedure. Figure 3.8 shows the operational flow used to process generic data.
The steps indicated in the figure provide a high level description of the process. Each of the

steps will be discussed in more detail throughout the remainder of this section.

Begin: Process generic data

v

Load system settings

v

Process e-mail messages

v

Execute assigned processes

v

Import data into database

v

End: Process generic data

Figure 3.8: Operational flow — Process generic data
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The basic process, as shown in the figure, cycles through the indicated steps. First, system
settings are extracted from the database. Once the settings are loaded from the database
it is used to perform the other processes. Next assigned e-mail mailboxes are checked for
new data. In the event where data is received it is moved to physical storage for further

processing steps.

Unique processes are assigned to specific files, which are then executed in order to convert
files to the Generic format. The created Generic files are moved to import folders and
temporarily stored for the import process. Next, the files are imported into the database

and archived for safekeeping.

Event logs are created and updated throughout the entire processing procedure. This can
be used to trace faults and retrieve historic data. The remainder of this section will be used

to discuss the individual processing steps in more detail.

The loaded settings are used to create a physical file structure. The file structure is used as
a workspace while performing processing functions. First it is used to store temporary files

during processing. After processing is completed, files are archived for safekeeping purposes.

3.4.2 Loading system settings

The system depends on e-mail mailboxes as primary data source. Mailboxes are used to
create a structure based on the assigned client groups. Figure 3.9 shows the operational flow
used to load system settings. The system iterates through the list of mailboxes and gathers

all the necessary information needed to access data.

Received data are classified using e-mail subjects. A list of e-mail subjects are assigned
to each mailbox. During each mailbox iteration phase the system compiles a list of linked
e-mail subjects. Additional information such as processes linked to the e-mail messages and

physical file structure information are compiled using another iterative process.

The process is complete once the system has created the list of all the known mailboxes,
subjects and assigned links. This list is used as a reference by the other process steps.

Received data that is not linked in this list will be ignored until process links are defined.
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Begin: Load system settings

|

Compile mailbox list

|

Create mailbox objects

A: Iterate through group

A

Select next mailbox —<€—

Details loaded for No . Select list of linked
all mailboxes ' ” subjects from database

v

Create subject objects

B: Iterate through subject

\ 4

Select next subject

Yes T l

. Linked processes
Load linked processes <«—No i el el s

\ 4

End: Load system settings

Figure 3.9: Operational flow — Load system settings
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3.4.3 Processing e-mail messages

Figure 3.11 shows the process followed when processing e-mail messages. The loaded system
settings discussed previously are used as references. Known mailboxes marked for processing
are selected. The system iterates through the list of linked mailboxes in order to collect

received data.

While cycling through the list of mailboxes, the system iterates though a list of linked
subjects. Each subject is linked to a specific process. Figure 3.10 shows an example of
the file structure used during processing. The system downloads the data contained within
the e-mail messages and stores it in an assigned _PENDING folder under the corresponding

Group and Prefiz directories.

B generic_data
B Group_1
4 | PreFix 1
_ARCHIVE
_IMPORT
4 | _PENDING
. Process_Type_ 1
Process_Type_2
El PreFix_2
_ARCHIVE
_IMPORT
4 . _PENDING
Process_Type_2
4 | Group_2
E PreFix_3
_ARCHIVE
_IMPORT
. _PENDING

Figure 3.10: Physical file structure example

If messages are marked for deletion, they are removed from the mailbox after the download
is complete. The system continues with this process until all the known mailboxes and linked
processes have been processed. Unknown messages will be ignored until a process is defined.
If no action is required the message must be removed by a system administrator after an

acceptable time period.
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Begin: Process e-mails

v

Use loaded system settings

A: Iterate through groups

A

Select next group <€—

l

sl weds Select linked subject
mailboxes ——No—¥» Process this mailbox ———» ) )

objects
processed

B: Iterate through subjects

\ 4

v

Yes
Find e-mail messages L
. . & <€«No— processes added to
with subject .
all subjects

Copy attachment to ‘
linked process folder

Yes l

Delete message
option selected

<No—

|
Yes
\ 4

Delete message

\ 4

End: Process e-mails

Figure 3.11: Operational flow — Process e-mail messages
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3.4.4 Processing pending data

The primary objective of the process pending file process is to convert data from multiple
formats to a single generic data format. Figure 3.12 shows a graphical representation of
the process. The process executes in a iterative fashion similar to the processes discussed

previously.

Preloaded system settings are used as a starting point. The settings are used as a reference
when searching for files. Stored files pending processing are arranged according to groups,
sub-groups or prefixes, and process folders within the _.PENDING folders. Refer to Figure
3.10 to see the physical file structure.

The system iterates through the group directories and linked subdirectories. These subdirec-
tories are linked to e-mail subjects and determines which PreFix folder to consider. Files
waiting to be processed are stored within the _.PENDING folder. Inside the _.PENDING

folder files are classified and stored in sub-directories, that are linked to possible process

types.

While iterating through the various _.PENDING folders the system calls assigned processes.
Each process can be seen as a black box that expects a particular input and provides a
specific output. The input file format determines which data extraction process is required.

During processing the file is opened and read using fixed parameters.

The read data is restructured and stored in the Generic file format. Created Generic files
are stored in the corresponding - IMPORT folders for further processing. In the event where
files are received in the Generic format, the called extraction process simply moves the files
to the corresponding _-IMPORT folder.
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Begin: Process pending files

v

Use loaded system setting

A: Iterate through groups

< Select next group €——
All groups No o Select linked
processed " subject objects
Yes
B: Iterate through subjects
C: Iterate through linked processes
Select next process SLLiLCl M
. P . > <—No subjects <«
linked to subject ;
l processed A
Process pending Yes
All sses
folder linkedto = <€No— processe *
. complete :
this process Exit B = (=——
. Yes
Save new format file
in import folder ¢
l Exit C —>» Select next goup ——

— Call process method

—» End: Process pending files

Figure 3.12: Operational flow — Process pending files
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3.4.5 Importing data to the database

After conversion is complete the main process calls the import function to import data
into the database. Only Generic format files are considered when importing data. The
preprocessing steps discussed previously are responsible to convert the files to this format
before data import is possible. Figure 3.14 provides a graphical representation of the import

process.

The process includes loading possible units and value type sets from the database. Value
type sets are used to select labels for the imported data. These sets are formed by linking
a list of known elements such as time intervals, for example, '00:30, 01:00, 01:30°, or total

samples such as ‘'monthly_total’.

Data is read from the Generic file by iterating through its rows. While there are unprocessed
rows, the system searches for the phrase Tag Name: to identify the next data tag. If the tag
does not exist the system calls the Create tag function to create a new tag in the database.

Figure 3.13 provides a graphical representation of the creation process.

Begin: Create tag

v

Use imported data

v

Select tag name from data

v

Select tag unit from next row

v

Compare with known units to
find unit ID

v

Create a new tag in database

v

End: Create tag

Figure 3.13: Operational flow — Create tag
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Begin: Import data

v

Load units

v

Load value type set

v

Read row data from file

l A: Iterate through rows in file

¢‘

All rows Select next row with
_No_> n n
processed text: "Tag name:
Yes
+ No
Save compressed l

copy of file in archives

Create tag

Select name from
next column

v

Does tag name
exist for group

Yes

v

Remove import file

Select data from next
rows in this column

!

Select value type set

|

Select value type IDs
in selected set

\ 4
End: Import data

\ 4

|

Select next row with
text: "Date:"

Read sampled values
into database

Figure 3.14: Operational flow — Import data
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Next, sample data is read from the file and classified according to the sample data, as well
as corresponding data types. The extracted data are then written to the database, along
with event logs for each significant event. SQL (Structured Query Language) functions are

used to perform the required database transactions.

Once all the rows have been processed and imported the files are compressed and stored
in the corresponding _ARCHIVE folder shown in Figure 3.10. If the file has been archived

successfully it is removed from the import folder and all temporary folders are removed.

3.5 Consolidating data from files

Processing takes place using the methods described in section 3.4. Unique processes are used
to extract data from files of a particular format. Data from the unique file are extracted,

rearranged and saved in the Generic format. Figure 3.15 shows the Generic file structure.

Tag ID: C,ID

Tag Name: C; Name

Date: YYYY-MM-DD YYYY-MM-DD YYYY-MM-DD
Parameter 1 C.D;P4 C.D,P4 C:D,P,
Parameter 2 C.D,P, C.D,P, C:D,P,
Parameter n C,D+1P, C.D,P, C,D,P,
Tag ID: C, ID

Tag Name: C, Name

Date: YYYY-MM-DD YYYY-MM-DD YYYY-MM-DD
Parameter 1 C,D;P4 C,D,P4 C,D,Py
Parameter 2 C,D;P, C,D,P, C,D,P,
Parameter n C,D.P, C,D,P, C,D,P,
Tag ID: C,ID

Tag Name: C, Name

Date: YYYY-MM-DD YYYY-MM-DD YYYY-MM-DD
Parameter 1 C,D:P; C.D,P4 C,D.P;
Parameter 2 C,D1P, C.D,P, C,D,P,
Parameter n C.D;P, C.DyP, C.DnP,

Figure 3.15: File structure — Generic
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The reformatted file is saved in the group’s import folder. If received files are already in the
Generic file format, the base process will simply move the file to the group’s import folder.
Three file formats are commonly used by the system. The Generic data format is the most
versatile format and is used as the primary system format. All other files are converted to

this format before it is imported.

Figure 3.16 shows the IST file structure. This type of file is obtained by exporting data from
Powertech (2014) databases. Figure 3.17 shows REMS format and how the file is structured.
Because REMS files are created by software programs, developed by the same group, that
fund the data consolidation platform, a set of tables have been developed specifically to

extract data from this type of file.

Date Time Component 1 Component 2 cee Component n
YYYY-MM-DD 00:30:00 T,C, T.C, .. T.C,
YYYY-MM-DD 01:00:00 T,C, T,C, ... T.C,
YYYY-MM-DD 24:00:00 T.C, T.C, .. T.C,

Figure 3.16: File structure — IST

Time Mode P1 Pz c Pn P1 Pz f Pn c P1 Pz t e Pn
T1 Mx C1T1P1 C1T1P2 e ClTlpn C2T1Pl C2T1PZ e C2T1Pn e CnT1P1 CnT1P2 e CnTlpn
TZ Mx C1T2P1 C1T2PZ e CITZPn C2T2P1 CZTZPZ e C2T2Pn e CnT2P1 CnTZPZ e CnTZPH

Tn Mx ClTnpl ClTnPZ C1Tnpn CZTnpl CZTnPZ CZTnPn CnTnPI CnTnPZ CnTnPn

Figure 3.17: File structure — REMS

3.6 System integration

The database components and software component that were described in the preceding
sections were integrated with the existing energy management system. The existing system
provides the necessary framework that is used to generate reports for specific purposes.
Additionally, the existing system acts as a graphical interface used to display results after

processing the data.
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General system constraints (as described previously) eased the integration process. New
functionality was added by integrating the components of the study with the existing system.
Development of auxiliary components such as data transfer channels and hosting services

were avoided through integration. The combined system addresses all the set requirements.

3.7 Development summary

In this chapter the development of the data consolidation platform was discussed. Both
the developed database components, as well as software components were described. File
handling was discussed at the hand of actual files. Benefits of integration with the existing

system were obtained by conforming to set system constraints.

The developed structures offer fundamental facilities to prove that the system is capable of
the required outcomes. After integration, the system was tested and improved on a iterative
basis. The resulting system is fully generic and offers users a wide range of options to collect
and manage energy related data. The next chapter will focus on the results obtained by

using the developed platform.
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Evaluation of the data consolidation platform

The platform was developed as discussed in the preceding chapters. After implementation the
database was populated using sample data from clients in a range of industries. The developed

platform was used to consolidate data into a single comprehensive data set. Results of the

consolidation process are used to evaluate the efficacy of the platform.
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4.1 Evaluation introduction

Chapter 3 discussed the development of the data consolidation platform. The platform was
developed in alignment with the needs and constraints discussed in Chapter 1 and Chapter

2. In this chapter, the platform is evaluated to determine its efficacy.

Data from seven large energy consumers in the South African industry were consolidated
using the developed system. The data originated from a range of sources and were stored in
an assortment of files with unique formats. The system was used to consolidate these files

and store the results in a generic format.

In the remainder of this chapter the platform will be assessed. Data import results will be
discussed in detail. Thereafter, data extraction results will be assessed along with examples.
The platform will be evaluated to determine its correlation with the specifications. Lastly a

summary of the results will be provided.

4.2 Data consolidation results

4.2.1 Data file import

Data were collected by a range of external systems and stored in each system’s unique format.
The collected data was received by the system as attachments in e-mail messages. The data
was downloaded and stored in a logical file structure. These files are submitted to predefined

processing steps and imported into the generic database.

Specific modules are used to extract and restructure the data. Additional modules can be
added to the system without modifying the core system. The file contents were successfully
converted to the Generic format and consolidated with the database. Storing data in a
single format improves the robustness of the system and offers users a single file standard.

Figure 4.1 show an example of a Generic file.

Both IST and REMS formatted files were successfully converted to the Generic format.
Figure 4.2 shows an example of a REMS formatted file. The converted files are stored and
imported during the import phase of the data consolidation process, as discussed in section

3.4.1. Figure 4.3 shows an example of a IST file.
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Tag ID: -1
Database: ION
Tag Name: |ON Power

Date: 2014-07-20 2014-07-21 2014-07-22 H H # H H H H H H H HH H H H B H B H # # # # # # 2014-08-17 2014-08-18 2014-08-19
01_00 6486 4494 GI38 HHHHHUHHBHUH BB BB BHHHH 5836 6016 6082
02_00 6377 6225 S04 HHHHHBHAHHBHAHHBHAB BB HH 5861 6050 6099
03_00 4815 6221 ASAHHHHHHB BB BB BB BB BH A 5869 6062 5982
04_00 4662 4433 MBI HHHHHBHBHUBHBHBHABHBHAHH A 5824 5385 5957
05_00 5867 4432 AOLHHHHHHBH BB H BB BB AR R A 4921 4462 5957
06_00 6320 5718 AT HHHEH BB BB R BB BB R B R A 4254 4426 6095
07_00 5566 6193 2001 HHHHHBHABHBHAHHBHABHBHBHH 4269 4341 6043
08_00 4223 3934 2615 HHHHHHHHBHBHABHBH BB HBHY 5640 4346 6063
09_00 4217 3269 2630 HHHHHBHHBHBHABHBHABHBHAHH 5976 3946 5697
10_00 4241 4404 W2 HHHHABHAB A HAH B HAH BB HH 5980 251 2527
11_00 5282 4384 A767T HH HHHHBH BB BB BB BB R B R A 6017 2793 2519
12_00 6189 5703 GL7TS HHHHHBHHBHBHABHBHABHBHAHH 5995 3994 5334
13_00 6304 6198 GlAS HH HHHHHHHHHHHHHBH BB HBHY 5976 4441 6059
14_00 6333 6201 GlIG HHHHHBHHBHBHABHBH BB HAHH 6040 5556 5611
15_00 6327 5045 6105 H HH HHBHHHHUHAHHBHABHBHAHH 6029 6005 2632
16_00 6262 4451 M HHHHHBHBH BB R BB BB BB BH A 6023 6007 4045
17_00 6306 6029 AL HHHHHUHHBHBHABHBHABHBHBHH 5979 6086 5637
18_00 6315 4457 GLAT HH HHHHHHBHHHHBHBHH AR BHBHH 5991 5607 5096
19_00 6351 397 1030 HHHHHBHBHHBHBHHBHBBHBHBHH 4838 364 320
20_00 6372 380 BITHHHHUHHBHUHABHBH BB HAH Y 4308 323 296
2100 6450 3492 2704 HHHHHHHHBHBHHHHBHHBHBHBBY 4316 4196 3241
2200 6345 6181 GL7TS HHHHHHHHBHBHABHBH BB HAHH 5742 6100 5916
23_00 5382 6164 SEO6 HHHHHUHABHUHABHBHABHBHAHH 6056 5988 5896
2400 4817 6123 A0 HH HHHHHHHHHHHHHHBH BB HBHBH 6048 5971 5950

Figure 4.1: File exzample — Generic

Date Time Platform mode Name Write permission Air enthalpy  Airdry bulbtemp  Air relative humidity Air ambient pressure Enthalpy Min  Enthalpy Max
2014-10-10  0:00:00 Auto Weather Station 0 ? 28.52 24.61 88 0 100
2014-10-10  0:02:00 Auto Weather Station 0 ? 28.64 23.77 88 0 100
2014-10-10  0:04:00 Auto Weather Station 0 ? 28.62 22.93 88 0 100
2014-10-10  0:06:00 Auto Weather Station 0 ? 28.73 23.17 88 0 100
2014-10-10  0:08:00 Auto Weather Station 0 ? 28.73 23.62 88 0 100
2014-10-10  0:10:00 Auto Weather Station 0 ? 28.65 23.85 88 0 100
2014-10-10  0:12:00 Auto Weather Station 0 ? 28.56 23.98 88 0 100
2014-10-10  0:14:00 Auto Weather Station 0 ? 285 24.04 88 0 100
2014-10-10  0:16:00 Auto Weather Station 0 ? 28.28 23.66 88 0 100
2014-10-10  23:40:00 Auto Weather Station 0 ? 23.44 53.95 88 0 100
2014-10-10  23:42:00 Auto Weather Station 0 ? 23.38 53.68 88 0 100
2014-10-10  23:44:00 Auto Weather Station 0 ? 23139 54.32 88 0 100
2014-10-10  23:46:00 Auto Weather Station 0 ? 23.51 55.12 88 0 100
2014-10-10  23:48:00 Auto Weather Station 0 ? 23.42 53.76 88 0 100
2014-10-10  23:50:00 Auto Weather Station 0 ? 23135} 53.35 88 0 100
2014-10-10  23:52:00 Auto Weather Station 0 ? 23.38 54.18 88 0 100
2014-10-10  23:54:00 Auto Weather Station 0 ? 23.34 54.63 88 0 100
2014-10-10  23:56:00 Auto Weather Station 0 ? 2331 54.11 88 0 100
2014-10-10  23:58:00 Auto Weather Station 0 ? 23.22 54.92 88 0 100

Figure 4.2: File example — REMS
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Date Time Incomerl_Pnet |Incomer2_Pnet # # # # # # # # # # # Motor6_Pnet Overhead Line_Pnet
2014-09-11 0:30 1152 BABHHAHHHHHHHRSH 246 204.0000153
2014-09-11 1:00 1152 36HHAEAHHHHHHRS 246 192.0000153
2014-09-11 1:30 1120 32 HHHHHHHBHHHE 2447999878 192.0000153
2014-09-11 2:00 1104 300#H#AHHHHHHHRSH 246 174
2014-09-11 2:30 1120 300HHHHBHHAHHASH 246 180

2014-09-11 21:30 1376 48 HHHHHHHBHHSH 144 192.0000153

2014-09-11 22:00 1328 252 HHHHHHHHHESR 0 156

2014-09-11 22:30 1360 384.0000305 #HHH#H # A HHHHHEH 0 215.9999847

2014-09-11 23:00 160 60#HH#HHHHHHAHAHRHS 100.7999954 53.99999619

2014-09-11 23:30 784 276 HHE HHEHHHHHRSH 246 120
2014-09-12 0:00 1440 4319999695 H# HHHAHHHAHHHIH 246 180

Figure 4.3: File example — IST

4.2.2 Document import results

An external tool is used to extract data from PDF files. Figure 4.4 and 4.5 show the interface
of the PDF manager application. The application is used to select known fields in a PDF
document based on position. This enables users to select fields such as account numbers,

names and values.

The selected values are imported using the database table structure discussed in section
3.3.6. Values extracted from PDF files are temporarily stored in these tables and transferred
to processed tables during processing. Values extracted from bills can be used in cases
where metering equipment is not available. Alternatively, these values can be compared

with calculated values for verification purposes.

A test case was used to verify the accuracy of the data consolidation platform with an Eskom
account. Total electricity consumption value is selected from the Eskom account, as shown
in Figure 4.5. The amount reflected on the bill is 3 721 474.70 kWh.

Electricity consumption values were measured by the client at the facility. The values were
recorded and imported by the data consolidation platform. A monthly report was generated
to compare the results. The calculated total electricity consumption is 3 634 434 kWh. The
calculated value only shows a slight variation in accuracy and can be attributed to calibration

differences, line losses and other electrical losses. Figure 4.6 shows the calculated results.
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Total energy consumption
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Figure 4.5: PDF manager application window 2
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Daily performance tracking

Table 5-1: System summary for the period

Date Actual usage | Budget usage Actual cost Budget cost
2014-07-20 | 137 809 kWh | 133 185 kWh R 56 199 R 54 313
2014-07-21 114 528 kWh 135 554 kWh R 92 366 R 134 388
2014-07-22 | 103 659 kWh 135 554 kWh R 80 259 R 134 388
2014-07-23 | 127 759 kWh 135 554 kWh R 111 966 R 134 388
2014-07-24 | 101 550 kWh 135 554 kWh R 84 584 R 134 388
2014-07-25 | 124 817 kWh 135 554 kWh R 103 420 R 134 388
2014-07-26 | 117 974 kWh 132 899 kWh R 60 166 R 67 172
2014-07-27 | 116 789 kWh 133 185 kWh R 47 627 R 54 313
2014-07-28 | 83507 kWh 135 554 kWh R 80 902 R 134 388
2014-07-29 90 815 kWh 135 554 kWh R 90 302 R 134 388
2014-07-30 | 133 934 kWh 135 554 kWh R 124 328 R 134 388
2014-07-31 135 705 kWh 135 554 kWh R 120 947 R 134 388
2014-08-01 47 607 kWh 135 554 kWh R 40 419 R 134 388
2014-08-02 | 138 300 kWh 132 899 kWh R 71415 R 67 172
2014-08-03 | 138684 kWh | 133 185 kWh R 56 555 R 54 313
2014-08-04 [ 129 513 kWh 135 554 kWh R 113 609 R 134 388
2014-08-05 | 124 721 kWh 135 554 kWh R 98 131 R 134 388
2014-08-06 | 116 610 kWh 135 554 kWh R 95 742 R 134 388
2014-08-07 [ 131201 kWh 135 554 kWh R 115 334 R 134 388
2014-08-08 | 121 637 kWh 135 554 kWh R 98 893 R 134 388
2014-08-09 [ 108 172 kWh 132 899 kWh R 52 585 R 67 172
2014-08-10 | 128 627 kWh 133 185 kWh R 52 454 R 54 313
2014-08-11 114 736 kWh 135 554 kWh R 108 770 R 134 388
2014-08-12 98 218 kWh 135 554 kWh . R 93 042 R 134 388
2014-08-13 | 107 686 kWh 135 554 kWh R 88 445 R 134 388
2014-08-14 | 121 578 kWh 135 554 kWh R 109 276 R 134 388
2014-08-15 [ 123 792 kWh 135 554 kWh R 108 429 R 134 388
2014-08-16 | 136 948 kWh | 132899 kWh R 69 504 R 67 172
2014-08-17 | 133 788 kWh 133 185 kWh R 54 559 R 54 313
2014-08-18 | 108 716 kWh 135 554 kWh R 82 363 R 134 388
2014-08-19 [ 115 054 kWh 135 554 kWh R 95 670 R 134 388

Total: | 3634 434 kWh | 4 179 707 kWh R 2 658 261 R 3496 789

Legend

Within budget
Over budget

Weekends

No verified data available|

Figure 4.6: Result — Monthly calculation
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4.3 Using consolidated data for reporting purposes

The developed data consolidation platform was combined with an existing web-based energy
management system. The existing system provides a graphical interface and components
used to access and display stored data. After integrating the platform with the existing

system the combination was used to construct a variety of energy reports.

The energy management platform has the ability to convert between units. A unit is assigned
to each imported tag. These units are used to convert or normalise data when generating
reports. Auxiliary tags are used as conversion variables. Measurement data from other tags
are multiplied with conversion values of the auxiliary tags in order to produce results in

specific formats.

Four applications are presented in this section. The applications are used to present the
platform’s capabilities by showing the different reports generated by the integrated system.
Data requirements are unique for all the presented outcomes. The platform’s unique generic

data handling capabilities allows it to import and store the wide range of data that is shown.

The purpose of the presented applications is to validate the data consolidation platform.
The aim of the platform is to consolidate energy consumption data and production data into
a single data set. Information is then extracted from the data set in order to compile energy
reports. These reports satisfy the energy reporting needs of the South African market, as

discussed in section 1.4.1.

Application 1: DSM Project reporting

The integrated system was used to construct a report used to monitor the performance
of a DSM project. To achieve this, an existing DSM project was used as a test subject.
Performance data was exported from the client’s database. A separate application is used
to establish a ODBC (Open Database Connectivity) connection to the database, access the

data and store it in the Generic format, as seen in section 3.5.

The data consolidation platform was used to import the data. Next, the corresponding tags
and their values were used to create a daily performance report. In this case only electricity

data was taken into account. Figure 4.7 shows the report generated by the integrated system.
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1 System information

System name: Water Supply Optimisation
Tariff structure: MEGAFLEX

2 Performance

Table 2-1: Performance summary for Friday, 15 August 2014

Actual 35 429 kWh R 25 403
Budget 77 817 kWh R 58 295
Margin 42 388 kWh R 32 892

* Cost estimates based on MEGAFLEX tariff structure.

3 Power profile

Power profiles
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Figure 3-1: Power profile and budget for 2014-08-15

Figure 4.7: Result — Integrated system

The graph shows the actual energy consumption in blue, compared with the budgeted energy
consumption in yellow. The baseline found in the M&V report was used as the budget. The
calculations show a 42 388 kWh saving margin for for the 24-hour period, which translates to
a cost saving of R 32 892.00. The cost saving was calculated based on Eskom’s MEGAFLEX

tariff structure.
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The results were verified using two methods. Firstly, the actual energy consumption values,
as well as M&V baseline values were entered into Microsoft Excel®. The data sets consist
of 48 samples per profile, per day (one sample every 30 minutes). The difference between
the actual and budgeted samples were calculated and summed over the 24-hour period to

determine the combined electricity saving for the day.

Hourly cost values were calculated by multiplying hourly energy consumption figures with
corresponding tariff values. As mentioned earlier, Eskom’s Megaflex tariff structure was used
to perform these calculations. The calculated results corresponded with the values calculated

by the integrated system, thus proving the system’s accuracy.

As a secondary control, the results of the integrated system were compared to the system
developed by Goosen. Figure 4.8 shows the results obtained after entering the same raw files
into Goosen’s system. Again, the yellow line indicates the baseline power, while the blue

line indicates actual power values.

The resulting graphs exhibit roughly the same profile as the developed system. The key
difference is that the developed system presents a higher resolution output with 48 increments
for the 24-hour period, while Goosen’s system only shows 24 increments. The developed
system has the capability to display even higher data resolutions if higher accuracy is

required.

Cost values calculated by Goosen’s system correspond with the values calculated by the
developed system. Both systems indicate a cost saving of R32 892.00 over the 24-hour period.
This further proves the developed system’s accuracy and validates the results calculated by

the system.

Monetary savings are calculated using hourly energy consumption figures. Identical data sets
were imported into both systems discussed in this section. The calculated saving amounts
are exactly the same, due to the identical data sets. This resulted in equal hourly energy

consumption totals, as well as equal hourly cost figures.
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1 Project information

Project name: Water Supply Optimisation
Project number: 2011-05

Tariff structure: MEGAFLEX

Target impact: 1.51 MW

Target energy saving:  36.24 MWh per day

2 Performance (Friday 2014-08-15)

Performance of day: Month-to-date performance:

Impact: 1.77 MW Average impact: 2.14 MW
Energy saving: 42.39 MWh Cumulative energy saving: 564.86 MWh
Cost saving: R 32 892 Cumulative cost savings: R 552 325
Missed opportunities: R 2 045 Cumulative missed opportunities: -

Power profiles

5,000

4,000

3,000

Power (kW)

2,000

1,000

Figure 2-1: Power profile and baseline for 15 August 2014

Figure 4.8: Result — Goosen’s system

Application 2: Tax incentive reporting

Another key outcome of the generic data consolidation system is the ability to store a range of
data formats. Figure 4.9 shows an example of a report generated with the aim to participate
in the tax incentive programme discussed in section 1.4.4. The table as shown in the figure

shows that various energy data types are accommodated by the system.
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A unit type is assigned to tags to provide this generic capability. Processed values for these
tags are stored according to dates and assigned sample intervals. These stored values were

made accessible by integrating the data consolidation platform with the energy management

system.
Summary
Table 1: Summary

Energy source |2012 total 2013 total GWh saving Tax incentive
Gas GJ 750 510 648 846 294 R 37 057 595
Electricity (kWh) 322 167 556 305 293 501 145 R 18 278 926
Coal (Tons) 10 074 894 9 505 229 1969 R 218 359 222
Total 2408 R 273 695 743

Total production

Total production

11,000,000

8,800,000

6,600,000

4,400,000

Production (LSE) (Tons)

2,200,000

May Jun Jul
Month

Dec

iz 2012 | 2013

Figure 1-1: Total production

Figure 4.9: Result — Taz incentive report

As mentioned previously, energy savings obtained across all energy types are considered
when calculating tax rebates according to section 12L of the income tax act. Various energy
sources and figures related to these specific elements can be combined through the use of
the platform. Consumers can assess the feasibility of interventions by regarding the energy

sources in a single summary.
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Application 3: Mandatory provision of energy data reporting

According to changes proposed to the National Energy Act of South Africa, large energy
consumers will be forced to disclose energy data. The developed data consolidation platform
offers a solution to energy consumers and can be used as a tool to gather the required energy

data. Figure 4.10 shows the draft report template as provided by the Department of Energy.

QUESTIONNAIRE 4-23
Sub-Sector MINING OF GOLD
SIC Code 23 [ Version [ Nov-2013-v1

1. RESPONDENT DETAILS
Please provide details in the table below of the facility for which this response is being made:

Name of firm

Name of facility

Contact details Name:
E-mail:

Telephone:

2. REPORTING PERIOD
Please specify which twelve-month period this response relates to:

Calendar Year l:l

3. ENERGY CONSUMPTION
Please enter the total energy consumption of the facility, over the time period specified in
Question 2, for each of the energy carriers in the table below:

Energy carrier Consumption Units

Electricity kWh/ MWh/ GWh
Coal Tonnes

Natural gas m3

Off-grid renewable please specify units
Petroleum products:

Diesel Thousands litres
Petrol/gasoline Thousands litres
Paraffin/kerosene Thousands litres
LG Thousands litres
Light fuel oil Thousands litres
Heavy fuel oil Thousands litres
Other Thousands litres
Total Energy Consumption TJ

4. PHYSICAL OUTPUT
Please indicate in the table below the production level of the facility over the time period
specified in Question 2:

Product Quantity Units
Ore mined thousand tonnes
Final product kg

Figure 4.10: Resource reporting template
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Demonstration reports were generated after integrating the data consolidation platform with
the energy management system. Because of the high data sensitivity actual data could not
be used. Fictive data was used to demonstrate system capabilities. The test data provides
adequate proof that the platform is capable of storing all the required data elements to

produce these reports.

Data was entered in the form of monthly totals. In cases such as oil and coal, monthly
averages were added to provide supplementary information. In many cases petroleum fuels
received are recorded in litres. However, energy values are calculated based on Joule per
tonne calculations. To allow the conversion intermediate variables are used to estimate liquid

density in the form of kilogram per litre.

The energy management system has the capability to perform basic calculations on data.
The product of the three input variables mentioned previously results in total energy figure
in the form of Joule. Thus, energy units can be converted to other forms by multiplying
stored values with conversion values in order to produce the results in the form required by
the DoE.

Table 1: Questionnaire for the period: 2012-01-01 to 2012-12-31

Questionnaire 2-34241

Sub-sector Manufacture of X
SIC Code 34241
Version Nov-2013-v1

Table 2: Respondent details for the period: 2012-01-01 to 2012-12-31

Details
Consumer details Firm name: Demo firm
Facility name: Facility x
Contact details Name: Employee
E-mail: email@demo.com
Telephone: 012-345-6789

Table 3: Reporting period for the period: 2012-01-01 to 2012-12-31

Calendar year: 2012

Figure 4.11: Result — Resource report part A
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Figure 4.11 and Figure 4.12 show an equivalent report as produced by the integrated energy
management system. The results as shown are year totals of the stored monthly totals.
Specified units are used to report on the various energy sources, in addition to the calculated

total energy consumption that is provided in Joule as specified.

Table 4: Energy consumption in X for the period: 2012-01-01 to 2012-12-31

Energy carrier Consumption Units
Electricity 140 238 MWh
Coal 182 759 Tonnes
Natural gas 0 m3
Off-grid renewables 0 X
Diesel 1509 Thousand litres
Perol 56 Thousand litres
Paraffin 0 Thousand litres
LPG 1159 Thousand litres
Light fuel oil 1lts] Thousand litres
Heavy fuel oil 0 Thousand litres
Total: 8 TJ

Table 5: Physical output for the period: 2012-01-01 to 2012-12-31

Product Quantity Units

X 100 000 Tonnes

Figure 4.12: Result — Resource report part B

Application 4: Performance tracking

The platform offers users the ability to create reports using data from several sources.
The graph in Figure 4.13 shows energy consumption values per hour compared to ambient
temperature. From the graph a clear correlation can be seen between the hourly temperature

average and energy consumption of the cooling system.

Temperature values were recorded by a weather station and stored as a REMS file. Power
data was recorded and stored in IST format by a different system on the same facility.

However, these values were not available on the same system.
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Measured values from both systems were compared after consolidating the measured files
into a single database using the developed platform. This enables users to create advanced
performance tracking reports. Without the data consolidation platform the measured values
will not be available into a single system and manual calculations will be required to produce

a similar report.
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Figure 4.13: Result — Performance report

4.4 Evaluation of specification compliance

Table 4.1 shows the list of specifications as discussed in section 3.2.2. The specifications are
divided into four classes namely: general, Demand Side Management reporting, tax incentive
and resource reporting. Individual requirements are provided next to the class indicators,
along with an indication whether the system addresses the specific requirement. From the

table it can be observed that the system addresses all the required outcomes.
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Table 4.1: Addressed specifications

Class Specification Addressed
The platform should accommodate energy data. Yes
The system must be capable of storing production data. Yes
_ Data sampled at fixed intervals must be accommodated. Yes
8 Budget and actual data must be stored for comparison. Yes
é Original files must be archived for M&V purposes. Yes
The platform must accommodate a range of data sources. Yes
The platform must be capable of accommodating new processing extensions Yes
without modifications to its framework.
The platform must be able to store electricity data. Yes
The platform must accept electricity data in the form of energy data and power Yes
data.
% Data samples for numerous intervals during a single day should be Yes
accommodated.
Budget and tariff data must accompany measured data and should be handled. Yes
Relevant production and climate data should be stored for support purposes. Yes
The platform must be able to store energy data. Yes
Energy data is not limited exclusively to electricity, but includes all energy data Yes
2 types.
E :15, Energy baselines, budget data and actual measurements must be stored. Yes
§ Data is not limited exclusively to electricity, but includes all energy data types. Yes
Various data intervals should be accommodated, such as monthly and daily Yes
figures.
Actual energy data and production data must be handled. Yes
Data is not limited exclusively to electricity, but includes all energy data types. Yes
§ ,%D Various data intervals should be accommodated, such as monthly and daily Yes
§ g figures.
& © The system should be able to handle various measurement units. Yes
The platform must be capable of consolidating the measurements to a single Yes

guantifiable total.

4.5 Summary of results

This section provides proof that the developed platform meets the set of specifications. The
platform offers a generic platform to import and store data from various inputs. Data units
and sample intervals are taken into account. Auxiliary information can be imported in

parallel with measurement data.

Reporting options were made available by integrating the system with the existing energy
management system. Reports are generated by extracting data from the database. The
generic database structure offers users the capability to generate unique reports based specific

needs.
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The platform has the ability to adapt so that new file formats can be imported. To show this
three different file examples were shown. The respective file types were all imported using
the system. During the import process the system was capable of creating tags, extracting

associated data from the files and loading the data into a relational database.

Data was extracted from an account document using an external application. The application
stored results in a set of tables. Data stored in these tables were used to create tags and
store the extracted data in the database. The values were compared with results calculated
by the system. This proves that the system is capable of calculating accurate totals over

large time periods.

Custom reports were constructed using data stored in the database. Four applications were
used to show the reporting capabilities of the system. DSM project reporting, tax incentive
reporting, mandatory provision of energy data reporting and performance tracking reports
were generated. These applications show that the system has the capability to handle a wide

range of data, for a wide range of reporting purposes.

Lastly, the specifications discussed in section 3.2.2 were assessed to determine whether the
system achieved its goals. Results obtained after practical implementation showed that the

system met all the requirements.
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Conclusion and recommendations

This chapter provides a final discussion of the study. Completed work is summarised and
discussed. Furthermore, a conclusion of the study is provided, followed by recommendations

for further development in the field of data consolidation.
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5.1 Summary of work completed

Globally there is a need for improved energy management. Governments around the world
offer a range grants of for energy efficiency projects. Improved data consolidation methods
are needed to satisfy reporting requirements related to these grants. In South Africa alone,
two legislative acts have been adapted and require improved energy data management and

energy reporting.

Significant changes in the adapted acts of South Africa necessitate the need to report on all
forms of consumed energy and not only electricity. In order to do this a new energy data
consolidation platform was needed. The data consolidation platform developed in this study

is capable of consolidating energy data of various data types in a single database.

The developed system has the capability to extract data from multiple sources and store the
data in a single generic format. New modules can be added in order to allow specialised data
extraction from unique files. These specialised software modules can be added to the system
without major changes to the core framework. This allows users to expand the system on a

modular basis.

After development of the data consolidation platform, the system was integrated with an
existing web-based energy management system. The integrated energy management system
offered users the ability to generate a range of reports in alignment with new reporting
requirements. If new energy reporting needs arise the system is able to accept the data and

will be able generate additional reports with minimal development.

5.2 Study conclusion

A data consolidation platform was researched and developed and was presented as this study.
After development was completed the platform was implemented as part of a web-based
energy management system. The developed platform addresses all the identified system
requirements. Shortfalls associated with related systems were identified and addressed during

system development.

An ESCo put the integrated solution to practical use. A wide range of production data with
varying data units and sample frequencies were consolidated using the system. Actual client

data was successfully imported and used to generate a multitude of energy reports.

Development of a data consolidation platform for a web-based energy information system

83



Chapter 5. Conclusion and recommendations

Examples of system outputs are shown in the evaluation chapter. The results were verified by
manual mathematical analysis, as well as comparison with an existing energy management

system. This provided sufficient proof that the system provides accurate results.

Practical use of the system was validated by assessing the systems ability to produce relevant
energy reports. Three reporting requirements were identified at the start of the study. This
included demand side management reporting, tax incentive reporting, as well as mandatory
provision of energy data reporting. Each of the reporting outcomes have unique requirements.

The unique requirements were addressed by the system.

In conclusion, the system addressed the set requirements. The data consolidation platform
allows users to import and manage a wide range of data from multiple sources. Integration
with an existing energy management system allows the generation of various industry specific
energy reports. These reports were constructed to meet the requirements of new energy

related reports in the South African economy.

5.3 Recommendations for further development

The system was developed to allow generic data consolidation of production data. Various
data sources were imported, however the system is capable of achieving more. Restrictions
concerning advanced file formats such as xls files impede the system from extracting data

from these types of files.

Data extraction from documents require development. These documents include accounts
or bills that can be used to verify results. However, documents published by external
sources are not always constructed according to a fixed template. These changing templates
require advanced data extraction tools to identify specific data fields and values and must

be developed.

Currently the system only processes data during scheduled intervals. Although the platform
is capable of accepting sample data with unique time intervals, typical updates only take
place once a day. More regular process intervals will allow near real-time tracking options.

This will enable users to detect problems and take proactive management action.

External data sources often cause reliability problems. Direct access to client databases will
allow the system to draw marked data on a regular basis and provide up to date results. This
will improve the possibility of real time data tracking further, as well as ensure consistency

with other client systems.
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