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Preface

Energy management has become an important issue in recent times when many
utilities around the world find it very difficult to meet energy demands which have
led to load shedding and power quality problems. An efficient energy management in
residential, commercial and industrial sector can reduce the energy requirements and
thus lead to savings in the cost of energy consumed which also has positive impact on
environment. Energy management is not only important in distribution system but it
has great significance is generation system as well. Smart grid management and
renewable energy integration are becoming important aspects of efficient energy
management.

The management of energy technology and its applications in residential, commercial
and industrial sector is a diversified topic and quite difficult task to document in a
single book. This book tries to cover many important aspects of energy management,
forecasting, optimization methods and their applications in selected industrial,
residential, and generation system. This book comprises of 13 chapters which are
arranged in two sections. Section one covers energy efficiency, optimization,
forecasting, modelling and analysis and section two covers some of the diversified
applications of energy management systems for buildings, renewable energy
(photovoltaic system), design of cooling water systems, super capacitor for
transportation systems, locomotive energy systems and smart grid management. Brief
discussion of each chapter is as follows.

Chapter 1 looks into the energy audit and management requirements, alternate
sources of energy, power quality issues, instrumentation requirements, financial
analysis, energy policy framework and energy management information systems
(EMIS) for an industrial utility.

Chapter 2 presents a detailed methodology for the development of energy
management in industrial plants. The main aspects of energy management
methodology are: energy cost and consumption data and their analysis, forecasting,
sub-metering, tariff analysis, consumption control, budgeting and machines
management optimization.
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Chapter 3 presents an innovative methodology for the productive process
quantification optimization in aluminum bar industry. Energy optimization has a high
impact on service industry which has been discussed for a water supply company.

Chapter 4 discusses the online energy system optimization and demonstrates energy
optimization application in thermal power generation sector. A detailed model of
energy systems comprising of fuel system, boiler feed water, steam, electricity
generation, and condensate network is built within energy management system (EMS)
environment and it is continuously fed with real time data. Optimization is configured
to minimize the total cost. Besides real time optimization, key performance indicators
(KPIs) targets can also be set up. The chapter also discusses many examples in open
and closed loop implementation in power generation sector.

Chapter 5 presents energy demand analysis and forecasting. The modeling results are
interpreted by statistical tests and the focus of the investigation lies in the application
of regression methods and neural networks for the forecast of the power and heat
demand for cogeneration systems. The application of the proposed method is
demonstrated by the heat and power demand forecast for a real district heating system
containing different cogeneration units.

Chapter 6 discusses about intelligent buildings their automation and home automation
networks. This chapter surveys appliance and lighting load energy management
strategies that works to achieve the three goals of building energy management, i.e.,
reduction of energy consumption of building; reduction of electricity bills while
increasing comfort and productivity to occupants; and the improvement of
environmental stewardship. Smart grid security and security threats that need to be
addressed are also discussed in the chapter.

Chapter 7 reviews the parameters that affect PV systems’ efficiency and diffuse of
solar irradiance. The results of energy yield and gains by the optimal fixed azimuth
and tilt angle are presented. The important results of the chapter are the contour plots
with appropriate combination of tilt and azimuth angles for four typical locations in
Slovenia.

Chapter 8 presents an optimization model and detailed design of cooling water
systems. The cooling water structure embeds all possible combinations of series-
parallel arrangements of heat exchanger units. The model is based on a mixed-integer
nonlinear programming to determine the cooling water system design which
minimizes the total annual cost. Two examples are demonstrated to show the savings
which can be obtained with the proposed design.

Chapter 9 discusses the fundamental characteristics of super capacitor devices. Some
preliminary consideration with respect to optimization methodologies are presented
and light transportation systems modeling for both stationary storage systems and on-
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board are discussed. A numerical application is reported for a case study with two
trains along double track dc electrified subway networks both for stationary and on-
board applications.

Chapter 10 presents different types of locomotive energy saving systems which are
used in aeroefficient optimized trains, energy management control, energy storage
systems. New technologies of traction motors of increased energy efficiency at reduced
volume and weight are discussed. The theoretical and practical possibilities of dc/dc,
ac/dc, ac/ac traction system locomotive regenerative braking energy management are
suggested. Catenary free system for trams, light rail vehicles, trolleybuses are
presented. Energy saving and power supply optimization possibilities using
regenerative braking energy are also discussed in the chapter.

Chapter 11 has developed an adaptive energy management system (A-EMS) for
controlling energy consumption by converging heterogeneous networks such as
power line communications (PLC), Wi-Fi networks, ZigBee, and future sensor
networks. In this work a prototype system enables users to freely configure a
cooperative network of sensors and home appliances from a mobile device.
Experimental results demonstrate that the proposed system can easily detect waste
electrical energy.

Chapter 12 discusses the eight priories of US smart grid, i.e.,, wide area awareness,
demand response and consumer energy efficiency, energy storage, electric
transportation, cyber security, network communications, advance metering
infrastructure, and distribution grid management. This chapter discusses the
importance of customer feedback loop in smart grid. Finally chapter discusses about
customer load response, commercial and industrial dynamic power management
strategies, distributed generation and industrial micro grids.

Chapter 13 presents discussion on demand management and use of wire sensor
networks (WSN) in generation, transmission and distribution and in demand side
management. Various types of demand management system, i.e., communication
based, incentive based, real time and optimization based have also been discussed in
the chapter.

Editors are grateful to a number of individuals who have directly or indirectly
contributed to this book. In particular Editors would like to thank all authors for their
contributions. Editors are indebted to all the reviewers for reviewing the book chapters
which has improved the quality of book.

Editors would like to thank the authorities and staff members of Manipal University
and The University of Queensland who have been very generous and helpful in
maintaining a cordial atmosphere and extending all the facilities required for the book.
Thanks are due to InTech - Open Access Publisher, especially to Ms. Viktorija Zgela
and Ms. Iva Simcic, Publishing Process Manager for making sincere efforts in timely
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bringing out the book. Editors would like to express thanks and sincere regards to
their family members who have provided great support for completion of this book.

P. Giridhar Kini

Dept of Electrical & Electronics Engg,
Manipal Institute of Technology, Manipal,
India

Ramesh C. Bansal

School of Information Technology & Electrical Engineering,
The University of Queensland,

Australia
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1. Introduction

The demand for electrical energy has increased tremendously over the last 25 years; its
importance is such that it is now a vital component of any nation’s economic progress.
Increase in population has increased the energy requirements, coupled with the
industrialization & socio-economic responsibilities; the energy supply has not kept pace with
the demand. This has led to a bleak energy scenario whereby power generation and utilization
from alternate energy sources has become very much a necessity. In the industrial context,
electrical energy is used to produce a desired output, given the availability of all the relevant
raw materials. For a nation to progress economically, the industrial sector has to be constantly
encouraged and developed, but as the number of industrial units / sectors increase, energy
demand and consumption also increases. The industrial sector is the largest consumer of all
the electrical energy that is commercially generated for utilization, and process industries like
fertilizer, cement, sugar, textile, aluminum, paper, etc.; are extremely energy intensive in
nature. To reduce the increasing demand-supply gap, either more industrial energy has to be
generated or the existing consumption of energy has to be brought down without any
compromise on either product quality or quantity. The rate of growth in the domestic sector
easily outnumbers the industrial sector. In the event of power shortage, industrial sector gains
precedence over other sectors, thereby, domestic sector always bears the brunt of long or
constant power cuts. The impact of rising energy cost has a disastrous impact on the day-to-
day activities of industrial and domestic consumers wherein the prices of commodities,
products and even essential services tend to cost more. One option is to improve the working
efficiency of the process and systems. This will ensure the reduction in the product cost in
addition to efficient energy management. The other option is the use of energy derived from
non-conventional energy sources i.e.; ensure a balance between conventional and non-
conventional energy sources in the process. With depleting coal reserves, it is very essential to
develop the renewable energy technology so as to be an alternative option. Amongst the
various renewable energy sources, solar energy is the best possible option and finds
application in most of the domestic and industrial processes.

2. Energy audit

With the conventional fuel supplies becoming scarce and more expensive, and the initial
investment for harnessing energy from renewable sources being too high; the concept of
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energy auditing and energy conservation / efficiency practices have gained significant
importance especially in energy intensive industries. Energy audit programmes are
inexpensive investments, as compared to the cost of energy utilization, and are an important
tool in analyzing and controlling the demand-supply situation. An energy audit serves to
identify and quantify all forms of energy usage. The main aim of energy audit is to maintain a
proper balance between energy required and the energy actually utilized; while the main
objectives of energy audit are to (i) analyze the energy consumed and wasted (ii) develop ways
and means to utilize the available energy in the most efficient manner by the use of energy
efficient devices (iii) adopt suitable operational strategies, and (iv) time scheduling (e) demand
limiting. An industrial energy audit is the most effective tool in bringing out as well as
pursuing an effective energy conservation programme. In the industrial context, energy
auditing is the process of identifying energy dependent equipment in the system / sub-system
processes, quantifying the amount of energy consumed by each of the individual equipment
and then, analyzing the data obtained to identify energy conservation opportunities. As
processes vary from plant to plant and from sector-to-sector, so do the use and type of
equipment; the nature and type of energy audit also varies. Thus there cannot be a standard
way of doing an energy audit, but it typically involves analyzing past and present energy
consumption data, comparison of actual consumption to the standard consumption data,
comparison of present consumption with other firms in the same industrial sector, checking
working capacities and overall efficiencies of equipment, review of fuel storage and handling,
development of energy use indices for performance comparison, analysis of energy saving
incentives and reviewing the need for new energy saving techniques.

All processes and hence energy audit for the process can be divided into three general
stages: input side, process side and the output side [1]. The input side energy audit involves
an analysis of the fuels used in terms of quantity and quality. The process energy audit
involves the analysis of the process in addition to the energy consuming equipment at
various stages / sub-stages individually. The output side energy audit deals with the energy
that is either rejected or lost out to the surrounding environment. As a number of stages and
sub-stages are involved in every process, starting from the input to the final product, the
type of the energy audit now becomes very important.

The type of energy audit can be classified into a walk-through audit and a comprehensive
audit. A walk-through audit takes the least possible time and generally involves moving
around the facility looking for simple possible steps to minimize energy wastage or
improving the system process leading to better energy utilisation ie; walk-through audit
covers only a general notation of the performance. A comprehensive audit involves a longer
time frame and generally involves getting into the indepth details of process, i.e.;
comprehensive audit covers specific information [2]. A well designed and properly executed
extensive energy audit programme will reveal the various areas of energy wastage and
process inefficiencies, thereby pin-pointing the areas of immediate improvement.

The energy audit whether walk-through or comprehensive should be carried out by an
energy auditor specifically designated for the purpose. The energy auditor may be from
within the organization or an expert / consultant not connected with the organization, but
must be well versed with the process involved. The main responsibilities of the energy
auditor are:

e Plan, direct and execute an extensive energy audit process wise and system wise

¢ Quantify the process and system energy needs

¢ Quantify the process and system efficiencies
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e  Compare the present data with historical data

o Identify the various energy saving measures, analyze their technical / financial
feasibility

¢ Organize the energy saving measures into low / medium / high priority and also into
proposals requiring small / large investments

¢ Documentation regarding the energy saving proposals

e  Appraise / convince the management regarding the need for implementation of energy
saving measures

e  Follow up on the implementation with periodic monitoring / appraisal

Investment related energy saving proposals require the consent of the management. In such

cases, the decision making does not rest with energy auditor. It therefore becomes important

that the energy auditor must prepare a detailed report listing out the various options

available, their technical feasibility, financial requirements, time frame needed and possible

gains that can be achieved. Thus the role of the energy auditor becomes very important. An

energy audit report for a work area within the plant facility should essentially cover the

following and the same can be extended to other units with relevant changes so as to form

an energy audit report for the plant.

¢ Company details: name, location, power, fuel & water demand, products manufactured

e Work area details: name, dimensions, working hours, power, fuel, water & process
requirements, process description, work output

e Device details: devices used, nameplate details, accessories, metering, control
parameters, age, assumptions, maintenance details

e Observations: input, process & output, loading pattern, inefficiencies, wastages,
comparison with historical data, possible reasons for deviations, potential opportunities

e Operational difficulties: feedback from personnel, maintenance, housekeeping,
maintenance records

¢ Recommendations: input, process & output changes, replacements, retrofits,
investments, training

e Benefits: process & product improvements, power, material & monetary savings,
economic analysis, payback periods, forecasting

e  Options available: tariff, efficient devices, systems, vendors, rebates, subsidies

e Probable implementation plan: time period, priorities, training requirements,
investments

e References list: technical reports, handbooks, manuals

e Team details: plant work area, energy audit

The energy audit report must be simple in presentation as it should be understood by all

concerned be it the president of the company or the maintenance personnel. It is also essential

that the report be written in a manner that even a non-technical person should be in a position

to understand the underlying message. The report should be a blend of text, figures, tables, etc.

so that it is not monotonous in nature. The assumptions made during the energy audit must be

easily justifiable. All standard formulas and measuring units can be a part of the annexure for

reference. There must be consistency in information flow, i.e.; same variables or notations must

be not be used a second time that may lead to confusion. The energy audit report can be in two

parts: first part being the overall summary that highlights the important details and second

part being the indepth report. This will enable the top management to concentrate only on the

first part and in case of need of discussions, second part will be handy. In addition, the report
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should be sensible from the technical & financial point of view, i.e.; it should be encouraging
enough for the management to realize that implementation will lead to better prospects. Thus
a reader friendly energy audit report is an important step in initiating the implementation of
audit recommendations.

Successful completion of an energy audit identifies the areas for improvement, which leads
to listing out a number of energy conservation proposals. Indepth discussion with the
relevant people leads to an energy management strategy which is quite significant in
bridging the gap between availability and requirement of electrical power.

3. Energy management

Energy management embodies engineering, design, applications, utilization, and to some
extent the operation and maintenance of electric power systems to provide the optimal use of
electrical energy [2]. The most important step in the energy management process is the
identification and analysis of energy conservation opportunities, thus making it a technical
and management function, the focus being to monitor, record, analyze, critically examine, alter
and control energy flows through systems so that energy is utilized with maximum efficiency
[1]. Every industrial facility in a particular location is unique in itself; hence a systematic
approach is extremely necessary for reducing the power consumption, without adversely
affecting the productivity, quality of work and working conditions. Thus, for any process,
energy conservation methodologies can be categorized into (i) housekeeping measures (ii)
equipment and process modifications (iii) better equipment utilization and (iv) reduction of
losses in building shell [3]. Thus energy management involves consumption and optimization
of energy usage at various stages in the plant process in the most efficient way.

Energy management is responsibility of all involved in the industrial process but there must
be person(s) specifically designated to oversee the implementation of energy efficiency
proposals. Thus the role of energy manager is equally important as that of the energy
auditor. The energy manager should have upto date technical skills to understand intricate
technicalities of the process and excellent managerial skills in order to plan, organize, direct
and control the various energy requirements. This will ensure that competency of the energy
manager will not be questioned at any point in time and also, the top management can rest
assured that targets set will be easily achieved. The main responsibilities of the energy
manager are:

e  Setting up of an energy management cell with well-defined objectives

¢  Generate ideas for energy management to create / promote awareness

¢ Initiate regular training programmes for constant knowledge updation

¢ [Initiate steps for appropriate monitoring and recording practices

e  Set targets that are realistically achievable by all concerned in the process

e  Proper implementation of the energy audit findings

e  Ensure that all data related to unit / plant are maintained centrally and easily accessible
¢  Ensure coordination between top, middle and lower management personnel

e Associate with energy managers of related industries for information exchange

e Ensure easy information flow through proper communication

An energy manager’s report for a work area within the plant facility should concentrate on
the findings of the energy audit report, take into account the historical data and set realistic
benchmarks / targets that contribute significantly towards energy efficiency. The reports
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prepared must be shared will all concerned especially with energy auditors. This will
reassure the energy auditors that their reports are taken seriously and due importance /
credit are attached to the work done. In short, the energy manager should be the bridge
between the top management and unit personnel.

Demand side management (DSM) is an important policy issue in recent years in the context
of energy management. DSM aims to (i) minimize energy consumption (ii) reduce
maximum demand (iii) promote use of electricity to reduce green house gas emissions (iv)
replacement of bio fuel by commercial energy to stop deforestation. The demand reduction
management can be practiced by (i) efficient utilization of existing capacity (ii) reduction in
transmission and distribution losses, and (iii) effective peak demand management. These
methods are most appropriate for reducing the power bills and to meet the requirements of
high quality of power. Implementation of DSM projects encourages introduction of energy
efficient technology and equipment in all sectors.

4. Energy Management Strategies (EMS)

An energy management programme will be effective when the concerned persons are taken
into confidence; awareness is created regarding the need / importance of the process and
responsibility assigned so as to ensure team work. It is also important to understand that the
EMS will not be same across the plant; rather it will be device specific. The first step in the
development of an EMS is by forming a committee comprising of energy manager as the head,
energy auditor, plant / unit manager, plant / unit personnel and maintenance personnel. The
first meeting should basically discuss (a) energy auditor’s findings (b) best operational
procedures with unit and maintenance personnel (c) allotment of responsibilities (d) setting
realistic benchmarks and targets (e) plan the work schedule. Subsequent meetings should
discuss energy audit observations, targets set and targets achieved for energy management. A
critical analysis of deviations in the targets set / achieved must be carried out and EMS
reworked if necessary. The committee should meet on a regular basis perhaps every 10 days so
as to ensure close monitoring. In addition to the above, it is very important to develop and
motivate the concerned persons by upgrading their knowledge through regular workshops /
training programmes. It is also important that competitions be conducted amongst the various
units in the plant and incentives / awards be instituted for units / employees for best results
achieved. In addition the EMS should be the basis for a comprehensive energy policy that will
be implemented across the plant irrespective of the process involved.

Some of the commonly used equipment used in energy intensive processes are boiler

systems, steam systems, refractories, furnaces, motor driven systems, compressed air

systems, heating, ventilation and air conditioning systems, fans, blowers, pumping systems,
cooling towers, illumination systems, diesel generators, etc. The energy management
strategy should basically concentrate on:

e Boiler Systems: fuel, steam pressure, temperature, fans, blow down, ash handling,
efficiency, heat loss, leaks, handling systems, dust collection, waste heat recovery,
maintenance schedules, heat recovery, insulation requirements, feed water, piping,
ventilation, economizers, air-preheaters, etc.

e Diesel Generators: fuel, quality, heat, exhaust, load, maintenance, etc.

o Electricity: magnitudes, frequency, quality, tariff, metering, power factor, load curve

. Energy Storage Systems: insulation, temperature, control, maintenance, etc.

Furnaces: losses, conveyor, fixtures, storage, insulation, temperature, heaters, lining,
ducts, coils, cover, temperature, slag, water, heat recovery, burners, etc.
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¢ Heating Systems: temperature, ventilation, piping, controls, insulation, maintenance,
load profiles, storage, etc.

e [llumination Systems: adequacy, luminaire, glare, sensors, standards, day lighting,
control, maintenance, lamps, ballasts, etc.

e Instrumentation: analog, digital, calibration, panels, CTs, PTs, etc.

e  Motor Systems: pumps, air compressors, fans, piping, volume, pressure, temperature,
dust, control, ducts, leakage, nozzles, efficiency, loading, drive systems, class,
instrumentation, etc.

e Refrigeration and Air Conditioning Systems: heat, load, windows, temperature,
thermostats, air, illumination, insulation, ducts, piping, evaporators, condensers, heat
exchangers, vapour, control, maintenance, etc.

e Steam Systems: pressure, temperature, superheating, piping, condensate recovery,
leaks, steam traps, venting, maintenance, insulation, valves, etc.

e Ventilation Systems: air handling, thermal insulations, distribution, blockages, leakages,
maintenance, control, heat recovery, etc.

All data have to be recorded and maintained for future reference. These facts and figures do
give a fair idea about the pattern of energy consumption and its cost per unit of the finished
product. As energy consumption is directly related to production rate, the energy consumed
for every finished product can be used as a reference index. When sufficient amount of data
has been built up over a period, the records then have to be converted into meaningful
forms. Pictorial representations in the form of bar charts, pie charts and Sankey diagrams
showing energy use and energy lost, process flow diagrams showing energy consumption at
every stages of the operational process, etc. will go a long way in identifying the areas of
high energy consumption, high costs of operation and in turn, the energy saving potential.

5. Renewable energy

In the previous century, the industrial revolution was powered by coal leading to setting up
of large power plants as it was the only reliable source of energy available in abundance.
Over the years, oil replaced coal as it was the cleaner form of fuel leading to increased
industrialization. Due to increased usage of coal and oil in the name of economic
development, environmental problem has started to put a lid on economic progress. The
environmental concerns of fossil fuel power plants are due to sulfur oxides, nitrogen oxides,
ozone depletion, acid rain, carbon dioxide and ash. The environmental concerns of
hydroelectric power plants are flooding, quality, silt, oxygen depletion, nitrogen, etc. The
environmental concerns of nuclear power plants are radioactive release, loss of coolant,
reactor damage, radioactive waste disposal, etc. The environmental concerns of diesel power
plants are noise, heat, vibrations, exhaust gases, etc. Finding and developing energy sources
that are clean and sustainable is the challenge in the coming days.

Considering the depleting coal reserves, increasing power demand, cost of fuels and power
generation, the power generating capacity can only be increased by involving renewable
energy sources. The renewable energy source produce less pollution and are constantly
replenished which is quite an advantage. Due to the future need of increasing power
requirements, research has led to development of technology for efficient and reliable
renewable energy systems. The various forms of renewable energy sources are solar, wind,
biomass, tidal, fuel cells, geothermal, etc. The main advantages of renewable energy sources
are sustainability, availability and pollution free. The disadvantages of renewable energy are
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variability, low density and higher cost of conversion. In order to sustain the present
sources, the future energy will be mix of available energy sources utilised from multiple
sources. This will ensure that the environment will be a lot less polluted. Renewable energy
is the future from here on.

Among the various renewable energy sources, solar energy is the best usable source as the
sun is the primary source of energy and the earth receives almost 90 % of its total energy
from the sun. In one hour, the earth receives enough energy from the sun to meet its energy
needs for almost a year. Solar energy can be converted through chemical, electrical or
thermal processes. Solar radiation can be converted into heat and electricity using thermal
and photovoltaic (PV) technologies. The thermal systems are used for hot water
requirements, cooking, heating etc., while PV are used to generate electricity for standalone
systems or fed into the grid. Solar energy has a lost economic, energy security and
environmental benefits when compared to conventional energy for certain applications.
Solar power is a cost effective solution to generate and supply power for a variety of
applications, from small stand alone systems to large utility grid-tied installations. The
conversion of solar energy requires certain equipment that have a relatively high initial cost
but considering the lifetime of the solar equipment, these systems can be cost competitive as
there are no major recurring cost and minimal maintenance cost. Even though solar energy
systems have a reasonably high initial cost; they do not have fuel requirements and often
require little maintenance. Hence the life cycle costs of a solar energy system should be
understood for economic viability of the PV system. The important factors to be considered
for a renewable energy system are power requirements, source availability, system type,
system size, initial cost, operation cost, maintenance cost, depreciation, subsidies etc.

Grid connected PV system gives us the option to reduce the electricity consumption from the
electricity grid and in some instances, to feed the surplus energy back into the electrical grid.
The grid connected PV systems distinguish themselves through the lack of a need for energy
storage device such as a battery. The basic building block of PV technology is the solar cell.
Many solar cells can be wired together to form a PV module and many PV modules are linked
together to form a PV array. A PV system usually consists of one or more PV modules
connected to an inverter that changes the PV’s DC to AC, not only to power our electrical
devices that use alternating current (AC) but also to be compatible with the electrical grid.
Cogeneration is the conversion of energy into multiple usable forms. The cogeneration plant
may be within the industrial facility and may serve one or more users. The advantages of
cogeneration are fuel economy, lower capital costs, lower operational costs and better
quality of supply.

6. Power quality

To overcome power shortage in addition to increasing power demand, industrial sectors are
encouraged to adopt energy efficiency measures. Process automation involves extensive use
of computer systems and adjustable speed drives (ASDs), power quality (PQ) has become a
serious issue especially for industrial consumers. Power quality disturbances are a result of
various events that are internal and external to industrial utilities. Because of
interconnection of grid network, internal PQ problems of one utility become external PQ
problems for the other.

The term power quality has been defined and interpreted in a number of ways: As per IEEE
Std 1159, PQ refers to a wide variety of electromagnetic phenomena that characterize the
voltage and current at a given time and at a given location on the power system [4]. As per
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IEC 61000-1-1, electromagnetic compatibility is the ability of an equipment or system to
function satisfactorily in its electromagnetic environment without introducing intolerable
electromagnetic disturbances to anything in that environment [5]. In simple terms, power
quality is considered to be a combination of voltage quality and current quality, and is
mainly attributed to the deviation of these quantities from the ideal. Such a deviation is
termed as power quality phenomena or power quality disturbance, which can be further
divided into phenomenon: variations and events. Variations are small deviations away from
the nominal or desired value involving voltage and current magnitude variations, voltage
frequency variations, voltage and current unbalance, voltage fluctuations, harmonic voltage
and current distortions, periodic voltage notching, etc. Events are phenomena that happen
every once in a while involving interruption, under voltages, overvoltage, transients, phase
angle jumps and three-phase unbalance [6].

The PQ problems can originate from the source side or the end user side. The source side of
PQ disturbances involves events such as circuit breaker switching, reclosures, pf improvement
capacitors, lightning strike, faults, etc., while the end user side of PQ disturbances involves
non-linear loads, pf improvement capacitors, poor wiring & grounding techniques,
electromagnetic interference, static electricity, etc. The effects of PQ disturbance depend upon
the type of load and are of varied nature. Computers hang up leading to data loss,
illumination systems often dim or flicker, measuring instruments give erroneous readings,
communication systems experience noise, industrial process making use of adjustable speed
drives inject harmonics as well as experience frequent shutdowns [7].

Industrial utilities need good PQ at all times as it vital to economic viability. The end users
need standards that mainly set the limits for electrical disturbances and generated
harmonics. The various organizations that publish power quality standards are ANSI
(Steady State Voltage ratings), CENELEC (Regional Standards), CISPR (International
Standards), EPRI (Signature newsletter on power quality standards), IEC (International
Standards), IEEE (International and United States standards color book series).

There are generally two methods towards correction of PQ problems. The first method is
load conditioning, wherein the balancing is done in such a manner that the equipments are
made less sensitive to power disturbances and the other method is to install conditioning
systems that either suppresses or opposes the disturbances. Active power filters offer an
excellent solution towards voltage quality problem mitigation and can be classified into
series active power filters and shunt active power filters. The selection of the type of active
power filter to improve power quality depends on the type of the problem.

7. Economic analysis

With limited capacity addition taking place over the years, industrial utilities are forced to
go for various energy management strategies. This may require additional financial
commitment to achieve significant savings. The Life Cycle Cost (LCC) method is the most
commonly accepted method for assessment of the economic benefits over their lifetime. The
method is used to evaluate at least two alternatives for a given project of which only one
alternative is selected for implementation based on the result of the economic analysis. In
other words, LCC is the evaluation of a proposal over a reasonable time period considering
all possible costs in addition to the time value of money. The initial investment made is
called the capital cost while the equipment has a salvage value when it is sold. The
additional investments exist in the form of recurring costs such as maintenance and energy
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usage. These costs are grouped as annual costs and expressed in a form that can be added
directly to the capital cost. The capital cost can be segregated into two components: direct
costs and indirect costs. Direct costs are monetary expenditures that can be directly assigned
to the project such as material, labor for design and construction, start-up costs while
indirect costs or overheads are expenditures that cannot be directly assigned to a project
such as taxes, rent, employee benefits, management, corporate offices, etc. The capital cost
now represents the total expenditure.

Economic analysis is an important step in the energy management process as they greatly
influence decisions with regard to plant operations [2]. Though there are a number of
economic models available for investment justification, LCC analysis is more advisable to be
used as it takes into consideration the useful period of the equipment taking into account all
costs and also the time value of money, and converting them to current costs. LCC is the
evaluation of a proposal over a reasonable time period considering all pertinent costs and
the time value of money, and is usually tailor made to suit specific requirement.

As in [2], Total LCC = PWc + PWoc @)

PWoc is the present worth of capital and installation cost given by

PWcr =1C + (IC x FWF x PWF) 2
IC is the initial cost; FWF is the future worth factor; PWF is the present worth factor.

FWF = future worth factor = (1 + Inf)N 3)
Inf is the rate of inflation; N is the operating life in years.

PWF = present worth factor =1/ (1+DR) @)

DR is the discount rate
As in [8], LCC can be represented in general mathematical form as

LCC (Py, P, ...) = IC (Py, P, ...) + ECC (P, Py, ...) )

IC is the initial cost of investment; ECC is the energy consumption cost; Py, Py, ...are a set of
design parameters.
As in [9], LCC can be mathematically expressed as for a specific case for motor options is

LCC =PP + [C x N x PWF] x Pross (6)

PP is the purchase price; C is the power cost; N is the annual operating time; PWF is the
cumulative present worth factor; Pross is the evaluated loss
As in [10], LCC can also be expressed as

LCC=Cic+Cn+Cg+Co+ Cu+ Cs+ Cenv + Cp 7)

Cic is the initial cost; Cpy is the installation and commissioning cost; Cg is the energy cost; Co

is the operating cost; Cy is the maintenance and repair cost; Cs is the down time cost; Cgnv is

the environmental cost and Cp is the disposal cost.

LCC is the total discounted cost of owning, operating, maintaining, and disposing of

equipment over a period of time. Thus the various components of LCC are:

a. Initial & Future Expenses: Initial expenses are all costs incurred prior to occupation of the
facility while future expenses are all costs incurred after occupation of the facility.
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b. Residual Value: Residual value is the net worth of a building at the end of the study
period.

c. Study Period: The study period is the period of time over which ownership and
operations expenses are to be evaluated.

d. Real Discount Rate: The discount rate is the rate of interest reflecting the investor’s time
value of money. Discount rates can be further separated into two types: real discount
rates and nominal discount rates. The difference between the two is that the real
discount rate excludes the rate of inflation and the nominal discount rate includes the
rate of inflation.

e. Present Value: Present value is the time-equivalent value of past, present or future cash
flows as of the beginning of the base year. The present value calculation uses the
discount rate and the time a cost was or will be incurred to establish the present value
of the cost in the base year of the study period.

f. Capital Investment: The amount of money invested in a project or a piece of equipment
(this includes labor, material, design, etc.)

The LCC process involves the following steps:

1. Define cost analysis goals: This involves analysis objectives, identification of critical
parameters and the various problems in analysis.

2. Identify guidelines and constraints: This involves evaluation of the available resources,
determination of schedule constraints, management policy and technical constraints
involved.

3. Identify feasible alternatives: This involves identification of all available options,
practical and non-practical options.

4. Develop cost breakdown structure: This involves identification of all LCC elements,
cost categories and their break downs.

5. Select / develop cost models: This involves identification of available cost models and
construction of new models if necessary.

6. Developing cost estimating relationships: This involves identification of the input and
supporting data.

7. Develop Life Cycle Cost profile: This involves identification of all present and future
based cost related activities taking into consideration the inflationary effects.

8. Perform sensitivity analysis: This involves analysis of important parameters and its
impact on overall cost and LCC.

9. Select best value alternatives: This involves choosing the best alternative that maximizes
reliability with minimal cost.

Thus the life cycle cost is now written for specific situations taking into consideration all

possible relevant parameters that need to support economic decisions regarding the various

possible energy management options.

8. Energy Management Information Systems (EMIS)

EMIS is an IT based specialized software application solution that enables regular energy data
gathering and analysis, used as a tool for continuous energy management. The main
advantage of an EMIS application is the possibility of data collection, processing, maintenance,
analysis and display on a continuous basis. A modern EMIS is integrated into an
organization’s systems for online process monitoring and control. An EMIS provides sensitive
information to manage energy use in all aspects and is therefore an important element of an
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energy management programme. The nature of the EMIS will depend on company, inputs,
process, products, cost incurred, instrumentation, control systems, historical data, reporting
systems, etc. The EMIS should provide a breakdown of energy use and cost by product /
process at various levels to improve process, systems and achieve cost control. The
information generated by an EMIS enables actions that create financial value through proper
energy management and control. An EMIS can be effectively used for benchmarking energy
usage to achieve cost control. Benchmarking can be defined as a systematic approach for
comparing the performance of processes in the present state with the best possible results
without reduction in quality or quantity. It is a positive step in achieving targets that would
ensure process improvement. The various steps involved in benchmarking are:
1. For the similar process, obtain the best possible result from various sources and set as
reference
2. Compare the working result with the reference result and analyze them for deviations
3. DPresent the findings to the personnel involved and discuss the options for sustained
improvement
4. Develop action plans and assign responsibilities
5. Implement plans with regular monitoring
The success of EMIS depends upon management, policies, systems, project, investment, etc.
Implementation of an EMIS should lead to early detection of early detection of deviations
from historical energy usages thereby identification of energy management proposals,
budgeting, implementation schedules, etc. It is important to recognize that the EMIS brings
process and system benefits in addition to financial benefits.

9. Energy policy

An organization should show its commitment to energy management by having a well-
defined energy policy. The energy policy should of some purpose and should be motivating
enough for all employees to contribute towards achieving the organizational goals. The
energy policy should essentially contain the following:

¢  Energy policy statement of purpose

¢  Objectives of the energy policy

Commitment and involvement of employees

Action plan with targets for every process and systems

e  Budget allocation for various activities

e Responsibility and accountability at all levels

The policy should take into account the nature of the work, process, systems in use in
addition to the work culture of the organization. The draft policy should be circulated
amongst the employees for their inputs. Having taken all the employees into the process of
energy policy formulation, the final version of the document should be approved by the top
management and circulated within the organization for implementation. The above energy
policy may be a summarized version and a detailed version. The summarized version
should be displayed at various important locations while the detailed version should be
filed as a hard copy in the various departments / units and sent as a email to all employees.
It is important to understand that the goals and objectives defined in the energy policy must
be achievable. The energy policy implementation must be periodically reviewed and the
expected outcomes compared with the results achieved. Wide deviations in the results
should lead to a review of the process and systems in place in addition to the energy policy.
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10. Conclusions

With increasing energy prices directly impacting the product prices in addition to widening
energy demand-supply gap, industries are encouraged to go in for energy saving in
addition to use of multiple energy sources. This can be accurately gauged by having an
appropriate energy audit. A good and comprehensive energy audit will lead to a list of
energy saving options that can be adopted. A detailed discussion on the audit findings leads
to an energy management program. Some of the energy saving options requires additional
investment. For major investments, life cycle cost (LCC) analysis is a useful tool as it
evaluates a proposal over a reasonable time period considering all pertinent costs and the
time value of money. It is also important to remember that introducing renewable energy
sources into the process needs additional systems that concerns power quality issues.
Energy management information system (EMIS) is an IT based specialized software
application solution that enables regular energy data gathering and analysis used as a tool
for continuous energy management. An EMIS provides sensitive information to manage
energy use in all aspects and is therefore an important element of an energy management
programme. All organization should show its commitment to energy management by
having a well-defined energy policy. The energy policy should be definitive, straight-
forward and motivating enough for all employees to contribute towards achieving the
organizational goals. Thus energy management in industrial utilities is the identification
and implementation of energy conservation opportunities, making it a technical and
management function, thus requiring the involvement of all employees so that energy is
utilized with maximum efficiency
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1. Introduction

Energy management can be defined as “the judicious and effective use of energy to
maximise profits and to enhance competitive positions through organisational measures
and optimisation of energy efficiency in the process ” (Cape, 1997). Profits maximization can
be also achieved with a cost reduction paying attention to the energy costs during each
productive phase (in general the three most important operational costs are those for
materials, labour and electrical and thermal energy) (Demirbas, 2001). Moreover, the
improvement of competitiveness is not limited to the reduction of sensible costs, but can be
achieved also with an opportune management of energy costs which can increase the
flexibility and compliance to the changes of market and international environmental
regulations (Barbiroli, 1996). Energy management is a well structured process that is both
technical and managerial in nature. Using techniques and principles from both fields,
energy management monitors, records, investigates, analyzes, changes, and controls energy
using systems within the organization. It should guarantee that these systems are supplied
with all the energy that they need as efficiently as possible, at the time and in the form they
need and at the lowest possible cost (Petrecca, 1992).

A comprehensive energy management programme is not purely technical, and its introduction
also implies a new management discipline. It is multidisciplinary in nature, and it combines
the skills of engineering, management and maintenance. In literature there are many authors
that approaching the different aspects of energy management in industries. For sake of
simplicity, identifying the main issues of the energy management procedure in energy prices,
energy monitoring, energy control and power systems optimal management and design, in
Table 1, for every branch the most significant scientific results are listed.

Concerning energy price in the new competitive environment due to the energy markets
liberalization, many authors face up the risks emerged for market participants, on either
side of the market, unknown in the previous regulated area. Long-term contracts, like
futures or forwards, traded at power exchanges and bilaterally over-the-counter, allow for
price risk management by effectively locking in a fixed price and therefore avoiding
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uncertain future spot prices. In fact, electricity spot prices are characterised by high volatility
and occasional spikes (Cesarotti et al., 2007), (Skantze et al., 2000), (Weron, 2008). Moreover
finding the best tariff for an industrial plant presents great difficulties, in particular due to
the necessity of a predictive consumption model for adapting the bids to the real

consumption trends of the plants.

Energy management Areas | Main Issues Bibliography
Forecasting price of energy (Cesarotti et al,, 2007),
Energy costs Renewal of contracts (Skantze et al., 2000),
(Weron, 2008)
Forecasting consumption (Farla & Blok, 2000),
. Monitoring and analyzin Worrel at al., 1997),
Energy budgeting deviationsgfrom the eynerggy EKarman & Boie, 20)03),
budget (Cesarotti et al., 2009)

Energy consumption
control

Design and implementing
monitoring system
Forecasting and control
consumption of specific
users

(Brandemuel & Braun,
1999), (Elovitz, 1995),
(Krakow et al., 2000), (Di
Silvio et al., 2007)

Optimization of power
systems

Defining the equipments
optimal set points
Increasing the overall

(Sarimveis et al., 2003),
(Arivalgan et al., 2000),
(Von Spakovsky et al.,
1995), (Frangopoulos et al.,
1996), (Puttgen &
MacGregor, 1996),

(Tstsaronis & Winhold,
1985), (Temir & Bilge,
2004), (Tstsaronis & Pisa,
1994)

system efficiency

Table 1. Energy management open issues

Several studies on energy monitoring by using physical indicators to analyse energy
efficiency developments in the manufacturing industry (especially the energy-intensive
manufacturing industry) highlight the close relationship with the concept of specific energy
consumption (energy use at the process level) and the international comparability of the
resulting energy efficiency indicators as arguments advocating the use of physical indicators
in the manufacturing industry (Farla & Blok, 2000), (Worrel at al.,, 1997). Moreover in
(Kannan & Boie, 2003) the authors illustrate the methodology of energy management that
was introduced in a German bakery with a clear and consistent path toward introducing
energy management. Finally in (Cesarotti et al., 2009) the authors provide a method for
planning and controlling energy budgets for an industrial plant. The developed method
aims to obtain a very high confidence of predicted electrical energy cost to include into the
estimation of budget and a continuous control of energy consumption and cost.

The energy control for specific systems is mainly focused on implementing one energy
management control function at a time with or without optimal control algorithms
(Brandemuel & Braun, 1999), (Elovitz, 1995), (Krakow et al., 2000). In (Di Silvio et al., 2007) a
method for condition-based preventive maintenance based on energy monitoring and
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control system is proposed. The methodology supports to identify maintenance condition
through energy consumption characterization, predicting and control (Cesarotti et al., 2010).
In (Sarimveis et al., 2003) an example of power systems management optimization through
mathematical programming tools is presented. In other terms, the availability of
optimization tools for the energy plant operation (i.e. the possibility of optimally
determining when boilers, turbines, chillers or other types of machinery shall be set on or off
or partialized) may lead to energetic, economic and environmental savings. In scientific
literature, several criteria for the optimization of combined cooling, heating and power
systems in industrial plants are available based on different management hypotheses and
objective functions. The goal of the models is to optimize the operation of the energy system
to maximize the return on invested capital. Many of these models do account for load
operations but use simple linear relationships to describe thermodynamic and heat transfer
process that can be inherently non-linear. In (Arivalgan et al., 2000) a mixed-integer linear
programming model to optimize the operation of a paper mill is presented. It is
demonstrated that the model provides the methods for determining the optimal strategy
that minimize the overall cost of energy for the process industry. In (Von Spakovsky et al.,
1995) the authors use a mixed integer linear programming approach which balances the
competing costs of operation and minimizes these costs subject to the operational
constraints placed on the system. The main issue of the model is the capability to predict the
best operating strategy for any given day. Nevertheless, the model validity is strictly
dependent on the linear behaviour of the plant components. In (Frangopoulos et al., 1996)
the authors have employed linear programming techniques to develop an optimization
procedure of the energy system supported by a thermoeconomic analysis of the system and
modelling of the main components performance. In (Puttgen & MacGregor, 1996) a linear
programming based model maximizing the total revenue subject to constraints due to
conservation of mass, thermal storage restrictions and shiftable loads requirement is
developed. Finally, thermoeconomics offers the most comprehensive theoretical approach to
the analysis of energy systems where costs are concerned. It is based on the assumption that
exergy is the only rational basis to assign cost. In other terms, the main issue is that costs
occur and are directly related to the irreversibility taking place within each component.
Accordingly thermoeconomics could represent a reliable approach to the optimisation of
energy plants operation involving thermodynamic and economical aspects (Tstsaronis &
Winhold, 1985), (Temir & Bilge, 2004), (Tstsaronis & Pisa, 1994).

However, these studies have paid little attention in integrating the different individual
energy management functions into one overall system. From this point of view, in this
chapter we provide a comprehensive integrated methodology for implementing an
automated energy management in an industrial plant.

2. Background and motivation

In the last decade, energy management has undergone distinct phases representing different

approaches (Piper, 2000):

e Quick fixes: facing with rapidly escalating costs and the prospect of closings resulting
from energy shortages, facility managers responded by implementing a round of
energy conservation measures.

e Energy projects: once a fairly wide range of quick fixes had been implemented, facility
managers came to realize that additional savings would require the implementation of
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energy conservation activities, which are expensive and time-consuming. The emphasis
shifted from quick fixes to energy projects.
¢  Energy management system: to fight these rising costs, organizations developed more
comprehensive approaches to energy management moving from simply reducing
energy consumption to managing energy use.
Organizations (both national governments and industrial companies) are recognizing the
value and the need of energy management. If they are to be successful, they must
understand what worked in the past and why, and what did not work and why it failed. In
the last few years, some energy management models have been developed inspired by
quality and environment management systems (ISO 9001). For this purpose, in 2005, the
ANSI set up and published the first regulation concerning energy management system: the
MSE (management system for energy), published by the American National Standard
Institute. The objective of this standard is the definition of a reliable model which can be
used in different scenarios, to promote the reduction of the energy costs/product unit ratio.
The model/standard has to manage all kind of energy costs, in each step of the energy
supply chain: supply, transformation, delivery and use. In other words, the application of
this standard means setting up programs to manage energy use, instead of randomly
funding energy saving projects. In this scenario the energy saving should be performed
through a systematic approach operating on energy costs, energy budget preparation,
measure and control of power consumption and energy production and conversion. Energy
saving can be, in fact, realized through different actions on both the utilization and the
production sides. However, it is really a complex task as many factors influence energy
usage, conversion and consumptions. Moreover, these factors are strictly interconnected.
For example, when evaluating an action on the energy consumption/production, one
should take care of the interactions, as one measure influences the saving effect of the other
measures. Therefore, it is important to highlight that each element of this systematic
approach is strictly connected to the others, as explained in the following.
First of all in the process of renewing the energy supply contract, it is necessary to compare
several rate proposals, as in the electricity and fuel market there are a number of different
suppliers. This comparison is quite difficult for two reasons. Firstly, the energy rate depends
on numerous factors and is usually made up of many different voices. Secondly, although
the rate per kWh may be disguised in the electric bill, it varies in function of time and/or
power request. This means that the consumption profile has to be known in order to make a
prevision on what one is going to pay.
As making this consumption profile on historical data may lead to wrong predictions and
non-economic actions and, considering that the annual energy cost is significantly affected
by the chosen rate, an energy consumption model should be built. This means modeling the
industrial plant energy consumption in function of its major affecting factors (i.e. energy
drivers), as production volume, temperature, daylight length etc. This model should give
the expected consumption in function of time and the time-step should be as small as
possible in order to have reliable predictions. By this way it could be possible to distinguish
the plant consumption and the energy drivers variation within the time bands of the energy
rate. This could be done by installing a measuring system to record energy consumption
and energy drivers. The meters position within the plant is particularly important to
correlate the energy consumption to the energy drivers (i.e. different production lines).
Therefore, a preliminary analysis based, for example, on the nominal power and the
utilization factor of the single machines should be performed in order to build a meters tree.



Methodology Development for a Comprehensive and
Cost-Effective Energy Management in Industrial Plants 19

A reliable energy budget formulation is needed, not only as a part of the whole plant
budget, but also to define possible future investments on the energy sector. The present
methodology allows to build the energy budget on the predicted energy profile and not only
on the historical data basis, as usually done, thus taking into account the possible variation
of the energy drivers and of the energy price. The latter could be optimized as described in
the previous paragraph and correlated to indexes, as for example the oil market price.
Moreover, if an energy system is present in the plant, the budget could not be built on the
basis of the previous consumption profile, as the quantity of electricity drawn from the
public network could vary as the self-production varies in function of the utilization of the
energy system itself (i.e. the optimization of the energy system management as a part of the
present methodology).

As far as the possible investments on energy saving are concerned, a correct measure and
control of energy consumption is crucial. First of all the energy use measurement alone is
not enough, as the predictive model requires correlating energy consumption with several
energy drivers that should be accurately and frequently collected, making different
measures in different plant areas. This would allow, in fact, to better correlate the
consumption to the production on one hand and to undertake energy saving operations
specifically designed in each zone on the other. Besides, it is worth to note that the predicted
consumption should be compared to reference values in order to understand if the
industrial plant is efficient or not.

Finally, an optimal energy management methodology should take into account the
management of the energy system machines of the industrial plant, which means setting the
load of the energy conversion equipments (i.e. boilers, air-conditioning systems and
refrigerators, thermal engines) that optimizes energy cost with a given energy consumption
profile (both electrical and thermal). Usually these small energy systems are operated
simply switching on and off the machines for long time intervals (i.e. night and day, winter
and summer). However, the machines typically used in these systems have small thermal
inertia, thus allowing quick load variation, and may be operated under partial load. As
demonstrated by the authors in (Andreassi et al., 2009), the energy system model together
with the energy consumption one may lead to an optimal management of the power plant
thus reducing energy costs. This, again requires a detailed energy consumption profile and
then an accurate data collection system.

Besides, on the wake of the previous models, the CEN-CENELEC elaborated the EN 16001,
published in July 2009, with the reference standards for the Energy Management System.
The rule covers the phases of purchasing, storing and use of the energy resources in
different type of organizations (industrial, commercial, tertiary). As the ISO 9001 and ISO
14001, the rule is based on Deming Cycle and the Plan-Do-Check-Act approach.

The EN 16001 has the aim of specifying the requirements of an Energy Management System.
The adoption and the maintaining of this standard demonstrates a concrete commitment for
the rationalization and the “intelligent” management of the energy resources.

Moreover the ISO Project Committee ISO/PC242 is working to publish an International
Standard for Energy Management named ISO 50001. Probably this will be the more
important standard for Energy Management for the next years. By now the final version of
ISO 50001 is due to be released in the third quarter 2011.

Starting from these critical issues, in this chapter, a methodology considering energy
management in a comprehensive manner is provided. A method for energy efficiency
based on a systematic approach for energy consumption/cost reduction, which could



20 Energy Management Systems

simultaneously keep into proper account all the critical aspects just pointed out, is
proposed.

3. Methodology for a comprehensive energy management

The methodology framework is shown in Figure 1. The single steps have been discussed in
detail by the authors in previous papers (Cesarotti et al., 2007), (Cesarotti et al., 2009), (Di
Silvio et al., 2007), (Andreassi et al., 2009). In this chapter the whole methodology and the
importance of links and interconnections among the different phases and their role in
reducing costs are highlighted.
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Fig. 1. Framework of the proposed methodology for Energy Management improvements
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The main issues of the proposed methodology are: historical data analysis, energy

consumption characterization, energy consumption forecasting, energy consumption

control, energy budgeting and energy machines management optimization. The
methodology supports an industrial plant to:

e identify areas of energy wastage - for example by determining the proportion of energy
that does not directly contribute to production and that is often a source of energy
savings;

e understand energy consumption of the processes - by establishing a relationship
between energy use and production;

¢ highlight changes to energy consumption patterns - these are either a result of a specific
action to improve efficiency or due to an unknown factor which may have a detrimental
effect upon efficiency and may lead to process failure or poor quality product;
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e identify sporadic faults or events - by alerting operators if excursions from normal, or
predicted, production performance are observed;

e reach an optimal condition in terms of supplying, generation, distribution and
utilization of energy in a plant by means of a continuous improvement approach based
on energy action cost- benefit evaluation.

The single operation described in the methodology steps has its own effectiveness in a

context showing an awareness lack about energy management concept. Nevertheless, our

intent is to point out the importance of introducing each step in a non-ending loop, granting
continuous energy management improvements and a constant reduction of energy
consumptions and costs.

Accordingly, in the following sections each step characterizing the proposed methodology

will be described in detail. The different phases are:

e energy cost & consumption data collection;

e energy cost & consumption data analysis;

e energy forecasting at plant level;

e  sub-metering energy use;

e tariff analysis and contract renewal;

e energy budgeting and control;

e  energy monitoring and control;

e  power plant management optimization;

Every step is deeply analyzed in the successive paragraph and an application of each of

these steps is shown in the case study of the paragraph 6: this working example will support

the explanation of the various aspects of the developed methodology.

4. Description of the methodology steps

4.1 Energy cost & consumption data collection

The first step consists in collecting useful data for characterizing the energy consumptions of
an industrial plant. We can essentially distinguish four types of variables which can be
collected:

e consumption data;

e  production data;

e environmental data;

e technical (users) and operational data.

In general there are four stages in data collection: i) using already collected data, without
any further modification; ii) modifying the way of collecting data previously employed in
the industrial plant; iii) manually collecting further data; iv) establishing an automatic data
acquisition system. Most of the core data on production are usually being gathered for other
purposes (e.g. cost and production control), and some analyses should already have been
done to determine which information is gathered, by whom, how, and why. Sharing this
information for energy monitoring purposes may require modifications to enable a more
effective energy monitoring. Its impact on other management functions should be
considered - it may, or may not, be beneficial.

The energy bills are the primary source of information for the consumption data. They are
the first point of reference when trying to understand what is being used, as well as how the
organization is being measured and charged. In particular:



22 Energy Management Systems

e for oil and coal the invoices report information on deliveries and consumptions. It is
then necessary to take account of stocks. If stocks are not already recorded, it is
important to guarantee somehow the suitability of the data. At the same time, a system
for recording the stock before delivery has to be introduced.

e for gas and electricity, the information that appears on the bill depends on the tariff
type.

The production information can be divided into three types:

¢ information on production that relates to amount as weight, volume, number of items,
area (waiting time and productive hours fall into this category, as the climate
measurement in heating or cooling degree days);

e information on production that does not relate to amount as temperature, density,
water content, ratios of constituents (e.g. fat to solid ratios in fried food);

e ancillary information as, for example, breakdown causes, occasional notes and
comments.

The first one of these is distinguishable from the other three because items of information

are additive; in other terms, information for a week can be obtained by adding daily

information. Information of the second type is not additive. In some cases monitoring and
targeting can achieve adequate resolution only if information of this second type is
utilized. Information which is not additive is difficult to summarize and this is often
reflected in the way it is handled in organizations. It is more likely to be hand-written,
with few checks on its accuracy, and archived without being processed (Carbon Trust,

Practical guide 112).

About the environmental data, they usually can be:

e the sunlight variation for electrical energy for lighting; for these data we could refer to
meteorology web sites or databases;

¢ heating and cooling degree day for consumption of energy for heating and cooling,
respectively; we could refer to past data or data recorded by sensors in the plant.

For the last point the realization of energy audits becomes fundamental in addition to the

collection of documental information and measurements with opportune campaigns, it

allows the recording of useful technical data about the plant energy consumptions.

In particular the audit phase consists of inspection in the analyzed plant, interviews with

the internal responsibles, measurements and registrations of the machineries

performances.

These data are an integration of the other documental information, in particular for

analysing the production area, the use of machineries, the unsatisfied needs of maintenance.

Besides, the energy audit constitutes a fundamental step for the checks of an energy

management system (Carbon Trust, Good practice Guide 200), for verifying the effective

results of the integrate management structure.

The most powerful energy audit instruments available in literature are the check lists

and the decisional matrices (Carbon Trust, CTV 023). In particular, these instruments have

been adapted to our particular procedures and integrated in this described sequence of
steps.

The decisional matrices have essentially three functions:

e  assessing the system energy performance;

¢ planning the necessary action, identifying the priorities;

e  monitoring the effects of energy management systems.
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Concretely they are tables characterized by three levels of detail. They allows the
evaluations of distinct characteristics of a system assessing a score (from 0 to 4). (Carbon
Trust, Good Practice Guide 306).

The first level (Top-Level, Energy Performance Matrix) groups the results of the other
matrices and allows an overview of the organization.

TOP LEVEL
PERFORMANCE MATRIX
LEVEL 1 2 3 4 5 6
ENERGY MANAGEMENT
FINANCIAL
MANAGEMENT
AWARNESS AND
INFORMATION
TECHNICAL

Table 2. Top Level Matrix

The second level consists of four tables whose results are reported in the Top Level: Energy

Management Matrix, Financial Management Matrix, Awareness and Information Matrix,

Technical Matrix.

These tables allows to assess a score for the different aspects of these energy management

issues. In particular the technical aspects are more deeply investigated in the third level

matrices, which analyze the working and performance characteristics of the different plant

end users (cooling system, heating system, HVAC system, compressed air, building

characteristics, boilers, lighting system, monitoring and control system, Building Energy

Management System (BEMS), etc.).

These last matrices are the most powerful instruments for the audit phase because may be

used as a guide for analyzing the users performance.

In Table 3 an example matrix (for the compressed air) originally developed on the basis of

the other found in the literary review is reported.

Therefore other instruments developed for helping in energy auditing are the check lists.

Those divided every user in Generation, Distribution and Use and, for these sectors, make

an analysis which is divided in four sections:

e evaluation: a series of questions to focalize the performance and qualities of the main
parameters and assessing a score on their evaluation;

e solution - improvement: a list of possible activities to improve energy performance.

e detailed analysis: different detailed aspects which have to be analyzed and possible
activities.

e technical - operational parameters: a guide for collect all the necessary technical and
operational parameters of the users.

These check lists are less general than the decisional matrices but they present the advantage

of characterizing in a more technical and detailed way all the most common service plant as

well as the air handling, cooling system , boiler, HVAC system, etc.

In Table 4 an example of the Technical - operational parameters part is reported for the air

handling system.
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IIT LEVEL - AIR HANDLING
ENERGY MONITORING AND
SCORE| COMPRESSORS | PIPING SYSTEM SAVING
DEVICES MAINTENANCE
Pipe anfl va'lves Operational procedures for
. well maintained; Sensors for range L
Multi-stage losses of 10%. An pressure monitoring and
compressors, well inspection evé 6 individuation maintenance are defined.
dimensioned, with rl;onths Maiy Valves for ’ Constant control on the
4 additional compressor di fferer;ce of interruptions humidity and temperature
used on demand. rossure of 0.5 bar com respse d air of the inlet air. Pressure
Electronic controls for Igin ioin s/ sterr; ‘o Eire if not gauges near the filters for
modulating required Whgell‘geiofsigle the- necesgary Avoiding their substitution. Periodic
power. welding is of inaccurate uses. controls of the cooling
preferable. water treatment system.
. Pipe and valves
CI(\)/[mult::;;iz well maintained;
su ffPi)cientl ! losses of 20-25%. An Sensors for range Theoretic procedures for
. . v inspection every 6 & monitoring and
dimensioned, with pressure . .
", months. Max L . maintenance are defined.
3 additional compressor . individuation.
used on demand difference of Avoiding of Constant control on the
. ) pressure of 0,5 bar. | . humidity and temperature
Electronic control for . inaccurate uses. - .
. . Excessive pressure of the inlet air.
modulating required with loss of
power. efficiency.
Pipe, valves and
Single-stage ﬂii:sizz v:;i?aglh Time control Absence of preventive
compressors, well inspec ti-ons Hieh | sensors. Valves for maintenance. Sensors for
dimensioned for dlé)fferencés o fg in teri‘u tions the registration of air
2 demand peaks. Absence ressure. Use of com. res};e d air consumptions for different
of electronic controls for I;one ins;ula tion ‘o Eire i not floors; absence of
modulating required valves with Ii[ecessa procedures for using these
power. regulation Ty information.
functions.
Single-stage
nggziesrslzrs’ Losses of 30-40%.
. . Y Inspection when .
dimensioned. Absence required. Hich Ad hoc maintenance;
of electronic controls. d 1S Time control incomplete data about the
1 .. differences of . )
Loss of efficiency due to rossure. Use of Sensors. air supplies. Absence of
a bad regulation };one ins.ula tion data about the air losses.
(compressor often valves
works outside the limit ’
value of pressure).
Losses of 40-50%
Single-stage with frequent . Ad hoc maintenance;
0 COMpressors over open/close of the fg :I’::;Eiji &O;tiﬁi absence of data about the
dimensioned. Absence | security valves; tem air supplies and the air
of electronic controls. | presence of dead syste losses.
legs.

Table 3. Third Level Matrix: air handling system
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Air handling
system
Technical-
operational
parameters
Reciprocating Screw
GENERATION compressor compressor
(rotary) (rotary)
Roots blower | .. Centrifug
Single/ .
. compressor Multi . Two al
Compressor: . two Single stage
(rotary) single stage stage stage | compress
stage 8 or
Capacity (m3/h)

Pressure (bar)

T outlet (°C)

Full-load
consumption
(kWh)

Partial-load
consumption

(kWh)

Cooling water
temperature (°C)

DISTRIBUTION

Pipes diameter
(mm)

Pipes length (m)

Piping distribution
scheme

Pipes material

USE

Compressed air
users

Operating pressure

(bar)

Table 4. Check Lists: Technical - operational parameters of the air handling system

4.2 Energy cost & consumption data analysis

In the first step a group of information enabling energy usage to be managed more
effectively within an industrial site has to be collected. Most of the needed data are available
from existing meter readings, energy bills and production-related data. The aim of this step
is to analyze and to give an an interpretation that allows transforming data into useful
information for energy management purposes. At this step a standard spread sheet is
adequate for many applications. The main analyses concern the following aspects.

Primary energy sources comparison. Once the data are collected, it is necessary to determine
the amount of energy spent in the whole business, whatever is the consumed energy source.
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Therefore all energy sources must be expressed in the same unit (i.e. MJ, kWh or TEP) and
the proportionate use and cost of each different energy source when compared to the total
energy consumption should be determined. This allows highlighting amount, cost and
fluctuations throughout the year of each kind of primary energy, thus identifying an upper
limit on the amount that can be saved and a benchmark to assess energy saving after
improvement measures have been performed. Furthermore, these data could be compared
with relevant available benchmarks for the same industrial sector. This information can also
help in determining if current energy use is higher or lower than usual, or if any outside
factors have an impact on how much is being used. It is possible to establish:

e if too much energy is being used;

e how current energy use compares with past figures;

e how the business compares with the industry average (where benchmarks are
available);

e  whether any other factors are temporarily affecting the figures; these might include cold
weather, extended working hours or increased production. Understanding how these
drivers are affecting energy data will give a better picture of site consumption.

In particular a “driver” is any factor that influences energy consumption, as weather is the

main driver for most buildings and production is the primary driver for most industrial

processes. Drivers are sometimes referred to as variables or influencing factors. There are
two main types:

e activity drivers: feature of the organization activity that influences energy consumption.
Examples include operating hours, produced tons, number of guests and opening
hours.

e Condition drivers: where the influence is not determined by the organization activity
but by prevailing conditions. Examples include weather, condition of the raw material
and hours of darkness.

Specific Energy Consumption (SEC). This relevant parameter is defined as the ratio between
energy consumption and an appropriate production measure (driver). It can be calculated
for any fixed time period, or by batch. SECs need to be treated with care because their
variability may be caused by several factors beyond energy efficiency, such as economies of
scale or production problems not closely related to energy management. There are many
process benchmarking schemes based on SEC and their easiness of use makes them
attractive to many companies.
Current and past comparisons. This approach, suitable for buildings and industrial plants, is
usually performed in a graphical form where a bar or column chart is used to compare the
data from the current period with a similar previous. A tabular form of this comparison can
also be used with a quantity or percentage figure for the difference. It is useful for
monitoring year-on-year changes and cyclical patterns, and can also be used for daily and
weekly profiles. This technique can be applied to energy data and its drivers.

Time series analysis. Also this approach is suitable for buildings and industry. Most energy

managers are interested in the underlying trend of consumption or cost and trend lines are a

graphical way of showing this. Typically, the trend line will be the trend of the data series

over time. At its simplest, it is a line graph of the data for each period. A more refined
application of the technique is to use moving annual totals or averages. This approach is
useful since it reduces seasonal influence and allows highlighting other influencing factors.
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Since a trend line can be produced from time-related energy data alone, it is a common
technique to use at the early stages of investigating energy consumption.

Energy absorption. It is possible to estimate the energy absorption of different plant areas by
measuring actual energy requirements and evaluating utilization rates.

Contour map. It offers a more pictorial use of profile information. Here, half-hourly data,
typically for a month, is displayed as a multi-colored contour chart. This provides a very
easy way of viewing 1 400 data points (30 days x 48 half-hours).

4.3 Energy forecasting at plant level

The core of the methodology is the definition of a consumption forecasting model that
allows identifying the specific consumptions of different manufacturing lines in order to
formulate the budget (step 6) and identifying the optimal energy rate in the contract renewal
phase. Moreover it provides the reference for real-time energy consumption control (i.e.
identifying sporadic faults or events).

The expected energy demand is calculated on the basis of mathematical models describing
the influence of relevant factors (energy drivers) on the energy consumption by regression
analysis (i.e. production volume is an important energy driver at the plant level). The energy
consumption C, in delta time, can be defined as:

C (AH)=Eq(At)+a V; (At)+a,Va (At)+...cm Vin (AL) (1)

where:
e  Eis the constant portion of the consumption regardless of production volumes [kWh];
e  Viis the production volume [unit] of the i-th product;
e « is the consumption sensitivity coefficient with respect to the production volume
[kWh/unit] of the i-th product.
Equation (1) can be calculated by a multiple regression between production volumes and
consumptions. In general the production volumes of the different products are sufficient to
create a consumption model but in some cases the use of other variables (such as,
temperature, degree days, sunlight variations or other operational variables) is required.
The oy, &y, ..., 0, coefficients have to be assessed with statistical analysis on the historical
data previously collected. The model has to be statistically validated.
Multiple linear regression model as statistical model does not mean only mathematical
expression but also assumptions supplying the optimal estimation of coefficients a;. These
assumptions are usually connected with random error: the random error has normal
distribution, it is equal to zero (on the average), supporting elements have equal variances.
Once a regression model has been constructed, it may be important to confirm the model
capability of representing the actual behaviour of the industrial plant (in other terms the
model capabilities of well fitting real data) and the statistical significance of the estimated
parameters. Commonly used checks of goodness of fit include the R-squared, analyses of the
pattern of residuals and hypothesis testing. Statistical significance can be checked by an F-
test of the overall fit, followed by t-tests of individual parameters.
Moreover, the validity of the multiple regression analysis is related to the validity of the
following hypotheses (Levine et al., 2005):
e Homoscedasticity. The variance of the dependent variable is the same for all the data.
Homoscedasticity facilitates the analysis because most methods are based on the
assumption of equal variance;
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e Autocorrelation. Independence and normality of error distribution. Autocorrelation is a
mathematical tool for finding repeating patterns, such as the presence of a periodic
signal which has been buried under noise, or identifying the missing fundamental
frequency in a signal implied by its harmonic frequencies. It is frequently used in signal
processing for analysing functions or series of values, such as time domain signals. In
other terms, it is the similarity between observations as a function of the time separation
between them. More precisely, it is the cross-correlation of a signal with itself.

e Multicollinearity, which refers to a situation of collinearity of independent variables,
often involving more than two independent variables, or more than one pair of
collinear variables. Multicollinearity means redundancy in the set of variables. This can
render ineffective the numerical methods used to solve regression equations, typically
resulting in a "multicollinearity" error when regression software is used. A practical
solution to this problem is to remove some variables from the model. The results are
shown both as an individual R? value (distinct from the overall R2 of the model) and a
Variance Inflation Factor (VIF). When R2 and VIF values are high for any of the X
variables, the fit is affected by multicollinearity.

4.4 Sub-metering energy use
Metering the total energy consumption at a certain site is important, but it does not show
how energy consumption is distributed across operational areas or for different
applications. After the first three steps, therefore, it can be hard to understand why and
where energy performance is poor and how to improve it. Installing sub-metering to
measure selected areas of energy consumption could give a considerably better
understanding of where energy is used and where there may be scope to make savings. Sub-
metering is a viable option for primary metering where it is not possible or advisable to
interfere with the existing fiscal meter. For this purpose, a sub-meter can be fitted on the
customer side of the fiscal meter so as to record the total energy entering the site.
When considering a sub-metering strategy, the site have to be broken down into the
different end users of energy. This might be by area (for example, floor, zone, building,
tenancy or department), by system (heating, cooling, lighting or industrial process) or both.
Sub-metering of specific areas also provides more accurate energy billing to tenants, if it is
required. The sub-metering strategy should also identify individuals responsible for the
energy consumption in specific areas and ensure that the capability to monitor the
consumption which falls under their management responsibilities. Additionally, it may be
worth separately metering large industrial machines.
By this way, it is possible to optimize the location of meters and minimize the total amounts,
after energy absorption analysis, following the sub metering methods that are (Carbon
Trust, CTV 027):
e Direct metering is always the preferred option, giving the most accurate data. However,
it may not be cost-effective or practical to directly meter every energy end-use on a site.
For a correct evaluation the cost of the meter plus the resource to run and monitor it has
to be weighed against the impact the equipment has on energy use and the value of the
data that direct sub-metering will yield.
e Hours-run metering (also known as constant load metering) that can be used on items of
equipment that operate under a constant, known load (for example, a fan or a motor).
This type of meter records the time that the equipment operates which can then be
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multiplied by the known load (in kW) and the load factor to estimate the actual
consumption (in kWh). Where possible, it measures the true power of the equipment,
rather than relying on the value displayed on the rating plate.

e Indirect metering, which means combining the information from a direct meter with
other physical measurements to estimate energy consumption. Its most common
application is in measuring hot water energy consumption, which is usually known as a
heat meter. A direct water meter, for example, is used to measure the amount of cold
water going into a hot water heater. This measurement, combined with details of the
cold water temperature, the hot water temperature, the heater efficiency and the
specific heat of water, enables the hot water energy consumption to be calculated.

e By difference metering when two direct meters are used to estimate the energy
consumption of a third end-use. For example, if direct meters are used to measure the
total gas consumption and the catering gas consumption in an office building, the
difference between the two measurements would be an evaluation of the energy
consumption associated with space heating and hot water. This form of metering
should not be used where either of the original meter readings is estimated, since this
could lead to large errors. Also, this form of metering should not be used where a very
small consumption is subtracted from a large consumption, because the accuracy
margin of the large meter may exceed the consumption of the smaller meter.

e  Where none of the above methods can be used, it may be possible to use estimates of
small power to predict the energy consumption associated with items such as office
equipment (by assessing the power rating of equipment and its usage). This method is
very inaccurate and should be supported by spot checks of actual consumption
wherever possible.

Generally speaking, the introduction of a monitoring system in a plant is fundamental for an
effective energy management approach and it can bring the organization to the creation of a
real Energy Information Systems. An EIS can be defined as a system for collecting,
analyzing and reporting data related to energy performance. It may be stand-alone, part of
an integrated system or a combination of several different systems. Besides meters and
computers, an EIS also includes all the organizational procedures and methods that allow it
to operate and it may draw on external and internal sources of data.

Energy Information Systems can be used to measure electricity, gas and water supplies.

They have been successfully used by energy intensive users for many years to drive down

costs and, in general, technology cost has reduced significantly over recent years. Then the

approach now offers a good return on investment for less energy intensive businesses in
terms of managing energy and water usage. Despite an attractive return on investment, it is
not being taken up at the rate one would expect given its benefits. All the previous
experience indicates that an Energy Information System, if properly used as a demand

management tool, guarantees an energy consumption (and costs) reduction between 10%

and 15% (Carbon Trust, Practical guide 231). In addition, effective energy and carbon

management (i.e. actively managing risks and opportunities associated with climate change
and carbon emissions) relies on the availability of appropriate management information.

Therefore metering of energy consumption and flows within companies is an intrinsic

element of continuing good energy management and carbon emission reduction. There is

also a case for using an Energy Information System to reduce the amount of energy needed
to guarantee meeting a given electricity demand. By knowing energy consumption profiles
and the opportunities to reduce demand through better energy management, energy
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suppliers may choose to use demand side management as a tool to more effectively match
supply and demand and thus reduce the requirement for additional generating capacity.
For realizing an EIS a useful number of smart meters have to be installed (Carbon Trust,
CTV 027). Smart meters can provide reliable and timely consumption data readily usable in
an energy management program. Such meters can also eliminate problems associated with
estimated bills and the potential consequences of not being able to correctly forecast and
manage energy budgets. They also can be used to show the energy consumption profile of
the site, which can help an energy manager identify wastage quickly. There is no universal
definition for smart metering, although a smart metering system generally includes some of
the following features:

e recording of half-hourly consumption;

e real-time information on energy consumption that is immediately available or via some
forms of download to either or both energy suppliers and consumers;

e two-way communication between energy suppliers and the meter to facilitate services
such as tariff switching;

e aninternal memory to store consumption information and patterns;

e aneasy to understand, prominent display unit which includes:

* energy costs;

e indicator of low/medium/high use;

e comparison with historic/average consumption patterns;
e compatibility with PCs/mobile phones;

e  export metering for micro-generators.

The essential features of smart metering are those which relate to consumption data storage,

retrieval and display. Smart metering can be achieved by installing a fiscal meter which is

capable of these essential tasks. Alternative metering solutions are available to bypass
replacement of the fiscal meter with a smart meter. These include the use of sub-metering,
for instance, a bolt-on data reader which is capable of storing and transmitting half-hourly
consumption data. Other automated solutions, which are sometimes conflated with the term

‘smart meters’ are AMR (Automated Meter Reading) and AMM (Automated Meter

Management):

e AMR:is a term that refers to systems with a one-way communication from the meter to
the data collector/supplier. It can apply to electricity or gas, although gas systems
require batteries to operate, which adds to the cost. AMR bolt-on solutions are available
and appropriate for gas meters that have a pulse output. Remote, automatic reading is
beneficial in that impractical manual reads are not necessary, and bills can always be
based on actual reads, not estimates. How often a read is taken will depend on the
supplier, although customers may request regular reads. However, even with AMR, the
data will not be available necessarily, unless they are requested or have been initiated
by the customer.

e AMM: they are systems similar to AMR arrangements, except that they allow a two-
way communication between the meter and the data collector/supplier. As well as
having all the benefits listed above, AMM allows for remote manipulation by the
supplier. The advantage to the customer is that there is potential to display real-time
tariff data, energy use, and efficiency at the meter. AMM is mostly available for
electricity with some safety issues affecting AMM for gas.

The available technology for the transfer of consumption data from metering ranges from

GPRS or GSM modems sending data bundles to a receiver, through low power radio
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technology to ethernet/internet interfaces. When installing a metering system which makes
use of remote meter reading, it may be considered which communication option is the most
appropriate for each particular application. The system appropriateness depends on
practical factors such as:

e meters number (including sub-meters);

e  size of site(s);

e Jocation of meters;

e power supply;

e  proximity to phone line or mobile/radio network coverage.

In addition to these factors, the communication options employed will depend on the site-
specific needs as well as the expertise of the metering company being employed. Therefore,
it is advisable to ask the meter provider to offer the most reliable and lowest-cost solution,
taking into account all of these factors.

4.5 Tariff analysis and contract renewal
The objectives of this step are to choose the less expensive solution relating to own
forecasted energy load profile and to evaluate the impact of the different contractual options
on the unit energy cost.
Energy bills are usually very complicated, as they consist of several components that often
confuse the customer. For example energy use charges, transmission charges, demand
charges, fuel adjustment charges, minimum charges and ratchet clauses are the more
common components of electrical rate structures. Their knowledge and their control are the
first step toward energy cost minimization. In particular below the electrical tariff is
described with a lot of details because electricity is always present in industrial
consumptions and it represents the most meaningful example (the electrical costs is made
up of a large number of different terms). The structural changes that industries have to take
into account in order to save electrical cost concern:

e Electrical rate structure. The electrical rate based on kWh bands overcame the flat tariff.
This entails the proliferation of different proposals which are difficult to be compared,
since they are not homogeneous in their formulation. Electrical energy rate could be
influenced by total consumption, power furniture, voltage, time bands (tb), customer
forecasting capability, and fuel price. The most common rate schedule in use is the day-
time schedule. This rate structure eliminates the flat rate pricing of electricity, replacing
it with a pricing schedule that varies with the time of the day, the day of the week and
the season of the year. They were developed by utilities as a way to reduce the need for
peaking stations. What makes this rate structure particularly effective is the variation in
rates among bands. The time bands have a strong impact on the effectiveness of energy
conservation measures. Under time of day rates, energy conservation efforts must
address both the energy use and the demand portion of the bill. While any reduction in
kWh use, regardless of when the reduction takes place, will result in lower energy costs,
this rate structure increases the measure cost effectiveness that impact energy use
during on peak hours while decreasing the measures cost effectiveness that impact off-
peak use. This impact on peak energy use is further increased by savings in demand
charges. On the other hand different proposals may not be homogeneous and
comparisons could be not easy to perform for industries

o Electrical bill components. A careful examination of the own electrical bill is necessary to
gain the best tariff option. The main components could be: kWh charges, demand
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charges, electrical demand ratchet clauses, power factor charges, fuel adjustment.
Indeed price contract proposals could vary as fixed price or combustible-linked variable
price.

e Electrical energy sector organization. An industrial customer could purchase energy
through contracts with wholesale suppliers or from producers on the basis of physical
bilateral contracts. Therefore industries, aware of their own historical data on electricity
consumption, have to be ready to face contractors. The knowledge of the market and
sector organization gives the opportunity to compete on energy unit costs;

e Power plant optimization or design as it will be described in paragraph 4.8.

More details about tariff analysis are given in (Cesarotti et al., 2007). Briefly, the proposed

methodology follows three steps. First of all it is necessary to understand the historical

consumptions in the industrial process. Using the procedure defined in the paragraph 5.3 a

mathematical model of the plant consumptions can be obtained. The next step is to use the

consumption model to forecast the consumption for the next periods. This requires forecasts
of energy drivers included in the model. Different sources could be used for this purpose.

For instance, in order to identify:

e  production: we could refer to companies production plan or demand forecast;

¢ sunlight variation: we could refer to meteorology web sites or databases;

e degree day for electrical energy for heating or cooling: we could refer to a mean value
obtained by the past years.

Besides the forecasted consumption has to be split among time bands according to the trend
of consumption of the previous year. The last step is the tariff analysis: analysis of energy
process allows minimization of costs in contract renewal for meeting the forecasted energy
load profile. Various factors differ among offers (fi, f,..., fu) and have to be considered
during contract renewal to determine the best one f,;; minimizing the cost applied to energy
consumption forecast, C(aj) as shown in the following equation:

fopt (D= minieqr, my £ (1)-Cla) | ©)

The average kWh cost (total cost divided by forecast consumption) helps point out the less
expensive tariff. It is recommended a sensitivity analysis to evaluate how much the results
are affected by the different hypothesis (future price of energy, future products demand,
etc.). However, for the formulation of the final price it is necessary to consider other factors
that affect energy tariff and are different among contractors such as formulation of price
methods, costumer forecasting capability that influence the price, penalty about reactive
energy, etc. Moreover, price contract proposals could vary (i.e. fixed price or variable price
combustible-linked). For the final choice other qualitative factors included in the contract
have to be considered, such as bonus relating to customer forecasting capability or natural
gas contract with the same supplier.

4.6 Energy budgeting and control

Another important feature of energy management and of the presented methodology is
planning for future energy demand. Energy budgeting is an estimate of future energy
demand in terms of fuel quantity, cost and environmental impacts (pollutants) caused by
the energy related activities.

This step allows formulating an accurate energy budget and monitoring the difference
between budget and actual costs. This is performed by means of indicators able to
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distinguish the effect of a different specific consumption from the effect of different
operational conditions, e.g. different prices, volumes, etc.

First of all the energy budget has to be estimated by considering both the outputs of the
energy consumption forecasting model (providing specific consumptions) and the industrial
plant production plans (providing global volumes). Once energy budgeting of electrical
consumptions and costs has been performed, it is possible to setup an “on-line” control.

In (Cesarotti et al., 2009) the authors propose energy budgeting and control methods that
have been implemented within a set of first and second level metrics. The first level
indicators allow identifying the effect of an increase of specific consumption beyond the
predicted. The second level indicators allow to identify the effect of variations of price,
volume, mix or load bands from the predicted.

In (Cesarotti et al., 2009), the consumption of electrical energy C (kWh) is defined with the
expression in (3):

C=E0+C[1~V1+C12-V2+...+C[m~vm (3)

where Ep is the constant portion of the electrical consumption regardless of production
volumes (kWh); Vi, Vy, ..., Vi, are the production volumes (unit); ai, a, ... , d m, are the
sensitivity coefficients of the electrical consumption with respect to the production volume
(kWh/unit).

The expression in (3) could be calculated by a multiple regression between production
volumes and consumptions. The aj;, a », ... , a m coefficients have to be assessed with
statistical analysis. The model has to be statistically validated through indicators as p-value,
r2 and analysis of variances.

In order to calculate the specific consumptions it is necessary to split the contribution of the
fixed amount Eo among the different productions. This can be done proportionally to
production volumes if:

e data relating to the total production time of different products is not available;

e the different production processes are comparable in terms of electrical absorptions.
From (4) one can calculate the specific consumption SC; (kWh/unit) of j-the manufacturing
line, and therefore of j-th product, as in (4):

- Eo
SC) —C[j + Ver (4)

where Vi are the total production volumes (unit).

After having characterized energy consumption at a plant level, it is possible to formulate

the energy budget. Therefore, we have to consider:

e energy characterization, as in the previous paragraph, that gives us the specific
consumptions for each type of products as in (4);

e electrical energy prices as expected by the contract; if prices are linked to combustible
(btz, brent) prices then a short-term forecasting of these indicators is requested
(Cesarotti et al., 2007);

e forecasted production plans and, if the energy price varies by the TOD, also a short-
term demand forecast, in order to match the tariff plan, and determine the budgeted
cost.

As the tariff could vary by TOD, the budget cost of k-th month, BCy (€), can be computed

from the expected price for each tariff period of the day and the relative production volume

as follows:
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BC=X% Xik p§k -ng-SC§k=sum of all elements|(pP VP SCP)] ()

where [(pP VP SCP)ijk] is a matrix whose ij-th elements are given by the product
pgk-ng-chk; i denotes the time period of the day referring to the tariff; n is the number of

time period; j denotes the product type; m is the number of product type; pr is the planned

price (€/kWh); VF is the planned production volume (unit); SCF is the specific consumption

(kWh/ unit) as calculated with (4).

After energy budgeting of electrical consumptions and costs for the industrial plant, it is

possible to setup a “on-line” control. In this step we will look for variations in costs and

consumptions and we will have to discern if increases in costs and consumptions have to be

linked to:

e an increase of energy consumptions of a product family: in this case we have to
investigate on the reason of the modification of energy consumption;

e avariation of production volumes or an increase of electrical energy prices: in this case
we have to re-plan the budget.

The authors present a series of indicators for controlling the differences between BC and

actual cost. These indicators have been derived from the earned value technique, usually

used in project management cost/time control.

The following variables have been defined:

o Estimated Cost ECi (€): it is the estimated energy cost of k-th month calculated
considering the actual production volumes and actual tariff:

EC=X5 XL Pjj. gk-SC§k=sum of all elements|(p® V* SCP)] (6)

where [(p® V® SCP)ijk] is a matrix whose ij-th elements are given by the product
pngfj‘k-SCﬁk; i denotes the time period of the day referring to the tariff; n is the number

of time period; j denotes the product type; m is the number of product type; p2 is the
actual price (€/kWh); Va is the actual production volume (unit); SCp is the specific
consumption (kWh/unit) as calculated with (4);

e Actual Cost ACx (€): it is the actual energy cost of k-th month really sustained by the
company related to the actual production volumes:

AC=En YL p;]?k Viji-SCij=sum of all elements|(p® V* SCa)ijk] (7)

Where [(p® V® SCa)ijk] is a matrix whose ij-th elements are given by the product
Pk - Viik - SCffx; 1 denotes the time period of the day referring to the tariff; n is the
number of time period; j denotes the product type; m is the number of product type; p«
is the actual price (€/kWh); Va is the actual production volume (unit); SCq is the specific
consumption (kWh/unit).
Details about the calculation of parameters in the (5, 6, 7) are reported below.
Summarizing, the three variables are function of energy price, production volume and,
specific consumption planned or actual as shown in the Table 5.
Basing the study on the previous formulation, it is possible to investigate the energy
consumption behavior of the company related to the selected production volumes. So the
following indicators have been formulated.
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BC EC AC
Electrical energy price (P) Plan Real Real
Production volume (V) Plan Real Real
Specific consumption (SC) Plan Plan Real

Table 5. Variables

First of all we have to deal with the difference between ACy and BCy at k-th month. The first
index is the percentage shift of the actual budget and the planned one as in (8):

AC,-BCy

= 8
Ly BC, ®)

In particular, the following situations could arise:

e I > 0 - a positive value of index in (8) means that the company has spent more than
predicted at k-th month.

e Ijx =0 - a value of index in (8) equal to zero means that the actual cost complies with
the budget at k-th month.

e Iix <0 - a negative value of index in (8) means that the company has spent less than
predicted at k-th month.

At the same time, the difference between ACk and BCy could depend on a difference

between the actual tariff and the planned one or by a difference between actual and planned

production (for quantities or mix) or a higher specific consumption. In order to distinguish

these cases, separating the contribution due to inefficiency of consumption and due to

different energy drivers scheduling, we have to introduce the following indicators:

_ AG-ECy

== ©)
EC,-BC

N (10)

=T+ 11

A positive value of Ix means a higher specific consumption for unit production for the same

amount of production volumes. In this case it is important to analyze the energy behavior in

terms of ACy and EC for each production department. Then it is necessary to enquire about

the cause of deviation with problem solving tools. There are many approaches to problem

solving, depending on the nature of the problem and the process or system involved in the

problem.

A positive value of I highlights a variation in prices or energy drivers, assuming the

consumption model obtained from regression completely reliable; the difference between

the actual and scheduled values of energy drivers could depend upon:

e  energy price: it could have changed during time, e.g. for electrical energy tariff if linked
to combustible basket;

e production volume or mix: they could have changed during time due to for example a
difference in production plan or availability of the production system;

e electrical loading in time bands: it could have changed during time due to for example a
difference in production plan.
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The second level indicators have been introduced in order to investigate in the difference

(ECx - BCy). The difference could be linked to the following effects that have to be

investigated:

e price effect: due to a variation in energy price;

e  volume effect: due to a variation in production volume;

¢ loading effect: due to a variation in production loading;

e mix effect: due to a variation in production mix;

e interaction effect: is the differing effect of one independent variable on the dependent
variable, depending on the particular level of another independent variable.

An interaction is the failure of one factor to produce the same effect at different levels of

another factor. An interaction effect refers to the role of a variable in an estimated model,

and its effect on the dependent variable. A variable that has an interaction effect will have a

different effect on the dependent variable, depending on the level of some third variable. In

our case, for example, a contemporaneous variation of different factors (volume, mix, load,

price) involves a greater consumption (Montgomery, 2005).

In order to distinguish the previous effects the following nomenclature has been adopted:

e Apq (percent) is the percentage of the j-th production volume V (unit) planned at the i-
th time band at k-th month on the total of the j-th production volume planned V (unit)
at k-th month as in (12); so it represents the coefficient of electrical load of production
volume planned in the different time bands:

p
p Vi}'k

AT =
Tijk n P
i=1 Vijk

(12)

o Apy (percent) is the percentage of the j-th production volume V (unit) planned at
k-th month on the total production volume planned V (unit) at k-th month as in
(13); so it represents the coefficient of mix of production volume planned for
production:

b ity ng
2k~ ym yn_ P
B Ve
where V§(= Y ng and Vi = Xt it ij’k
e Aag (percent) is the percentage of the j-th production volume V (unit) realized at the i-th
time band at k-th month on the total of the j-th production volume realized V (unit) at
k-th month as in (14); so it represents the coefficient of load of production realized in
the different time bands:

(13)

a
A%jfn—qka (14)
i=1 Vijk
where Vii=3iL; Vi
o Aay (percent) is the percentage of the j-th production volume V (unit) realized at
k-th month on the total production volume realized V (unit) at k-th month as in
(15); so it represents the coefficient of mix of production volume realized for
production:
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i1 Vijk
j
A= mr (15)
) Z Vl]k
where Vji=¥iL; Vi and Vi= X XL Vi

Price effect calculation.

It could contribute in the difference between estimated and planned energy cost (ECx - BCy).
In order to investigate in the price effect, it is necessary to calculate the change (€) in
the electrical costs at k-th month due to a variation of price. This has been calculated as in
(16):

Change for price, =Sum of all elements[(Pa-Pp)'VpSCp]ijk (16)

where [(Pa—Pp)-Vp~SCp]ijk is a matrix whose ij-th elements are given by the product

(qu P ) 1]k SCl;k
Therefore the price effect (per cent) has been calculated as the ratio between the terms in
(14) and the difference between (ECy - BCy) as in (17):

Change for price,
(ECx-BCy)

Volume effect calculation. It is a candidate contributor to the difference between estimated and
planned energy cost (ECx - BCy). Production volume could change over time due to,
for example, a different production plan or a variation of availability of the production
system.

In order to investigate in the volume effect, it is necessary to calculate the change (€) in the
electrical costs at k-th month due to a variation of the production volume in terms of
planned and actual one. While there percentage mix and time bands load have not been
modified. This has been calculated as in (18):

price effect, (percent)= 17)

Change for volume, =Sum of all elements [Pp-Alp-Ag-(V“-Vp)-SCp]ijk (18)

Where [Pp-AP-AP-(V“-VP)-SCP]“k is a matrix whose ij-th elements are given by the product
j
P AP P
Pl]k Ah]k 21Jk (V Vl]k) SCI]k

Therefore, Volume effect (per cent) has been calculated as the ratio between the term in (16)
and the difference between (ECy - BCy) as in (19):

Change for volume
(EG-BC)

Mix effect calculation. It is another potential contributor to the difference between estimated
and planned energy cost (ECx - BCx). Production mix could have changed over time due to,
for example, a difference in production plan or a variation of availability of the production
system.

k (19)

volume effect, (percent)=
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In order to investigate the mix effect, it is necessary to calculate the change (€) in the
electrical costs at k-th month due to a variation of production mix. The difference in the mix
coefficient, as in (13) and in (15), has been introduced to calculate the changed cost.

While the production volumes and the percentage of time band load have not been
modified.

The difference in energy costs, due to a variation of production mix, has been calculated as
in (20):

(20)

Change for mix, =Sum of all elements[PpA?'(Ag-AS)VpSCp]I]k

Where [PP-A§~(A;—A§)-VP~SCP],,k is a matrix whose ij-th elements are given by the product
j
P AP p P gcP
Pijk'Alijk'(A;ijk'AZijk)'Vijk'SCijk'
Therefore, the mix effect has been calculated as the ratio between the term in (18) and the
difference between (ECy - BCy) as in (21):

Change for mix, 1)
(EC-BCy)

Loading effect calculation. Finally, also it could be potential contributor to the difference
estimated and planned energy cost (ECx - BCy). Production loading could be changed
during the time due to, for example, a variation of the production plan. In order to
investigate the load effect, it is necessary to calculate the change (€) in the difference in the
costs at k-th month due to a variation of the production load. The difference in the loading
coefficient, as in (12) and in (14), has been introduced to calculate the changed cost. Whilst
production volume and percentage mix have not been modified. The difference in energy
costs, due to a different loading production than planned in the budget, has been calculated
as in (22):

mix effect, (percent)=

Change for load, =Sum of all elements[Pp~(A?-A§)-A§-SCP] (22)

ijk

where: [Pp-(A?Af)-AE-SCp]“k is a matrix whose ij-th elements are given by the product
ij

Pin’k'Agijk'(A;jk‘A%jk)'SCgk

Therefore, the load effect has been calculated as the ratio between the term in (20) and the

difference between (ECy - BCy) as in (23):

Change for load,

23
(EC-BCy) *

load effecty (percent)=

Moreover, it is necessary to consider an interaction effect due to contemporaneous variation
of different factors as discussed before. It is possible to calculate the contribution of
interaction effect as in (24):

contribution effect (%)=100%-(load effect(%)+volume effect(%)+

mix effect(%)++price effect(%)) (24)
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4.7 Energy monitoring and control

The aims of this step are:

e to distinguish between “justified” variability due to different setting of energy drivers
(i.e. summer or winter for cooling) and “unjustified” variability that implies necessity to
inspect equipment in order to evaluate the need of corrective action;

e to distinguish if variability is random due to common causes or it is due to assignable
causes.

The authors propose a methodology for real time decision strategies based on statistical

techniques of process control as CuSum (Cumulative sum of differences) control charts that

differentiate variability thanks to their high sensitivity.

The point in the CuSum chart at time ¢ is defined as:

Cusum value (At)=Cp(At)- Ca (At) (25)

where:

e Cp(At) is the planned consumption calculated by the forecasting consumption model;

e Ca(At) is the actual consumption.

This technique is relatively simple, but very effective to identify energy savings (downward
trending line) or higher rates of consumption (upward trending line). If the energy
performance of a building or of an industrial process is consistent, its actual consumption
will be roughly equal to the expected values (however calculated). In some periods actual
consumption will exceed expected one and in others it will be less, but in the long term the
positive and negative variances cancel out and their cumulative sum (‘CuSum’) will remain
roughly constant. If, however, a problem occurs that causes persistent energy waste, even if
the problem is minor, positive weekly variances will outweigh the negative and their
cumulative sum will increase. The CuSum chart would switch from the baseline to a rising
trend (Elovitz, 1995) and (Cesarotti et al.,2010).

4.8 Power plant management optimization

The main target of this step is to define the power plant component (thermal/cogenerative
engines, boilers, chillers, etc.) set points satisfying the energy load of a buildings/industrial
plant, pursuing a specified optimization criteria (i.e. system efficiency, costs, pollutant
emissions). An optimal (accurate and appropriate) management of the energy system may
lead to substantial energy (and costs) savings and/or environmental benefits without any
improvement on the power plant components.

In general the equipments that can be investigated with this approach are:

e  gas engines;

e gas steam boilers;

e  hot water boilers;

e  mechanical chillers;

e absorption chillers.

Being understood that any power plant may be treated by the proposed method. All the
integrated equipments are considered as energy converters. They are characterized by
inputs and outputs and are modeled as black-boxes. The outputs depend on the component
load. It is worth of noting that, although the output could be more than one, as in the case of
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a gas engine cogenerator (electricity and hot water for example), each equipment is usually
defined by only one input (fuel or electric energy).

Conservation equations are considered to solve each subsystem with a quasi-steady
approach (i.e. the variables are considered constant between two time-steps) (Weron, 2008),
(Farla & Blok, 2000).

The input variables involved in the mathematical representation are subdivided into two
main classes, as proposed in (Barbiroli, 1996): controllable and non-controllable variables.
The non-controllable inputs are those related to the energy requirements (i.e. dependent on
plant production plan or the building operation), as, at each time-step, the power plant has
to supply the “non-controllable” energy demand.

The energetic non-controllable inputs are the cooling demand (Qp,), the low temperature
heat demand (Qy;,,p), the high temperature heat demand (steam) (QSD) and the electricity
demand (Pgjp). The economic non-controllable inputs are the fuel cost (c;) and the electricity
cost. Considering that electricity can be purchased by or sold to the public network, as the
power plant electricity output may be higher or lower than the electric demand, the energy
costs in sale (Sg)) and in purchase (cg|) are considered. The controllable inputs are the power
plant component set points varying from 0 (representing switching off) to 1 (representing
maximum load). The total cost (TC), the electricity cost and consumption (EIC, Pg,), the
fuel cost and consumption (FC, rhy) are the model outputs. The optimization procedure is
performed on one or a combination of the above outputs.

Simulations are performed pursuing the goal of optimizing the equipment operation, in
order to satisfy specified criterion. Currently, three “optimization criteria” have been
implemented:

1. minimum cost of operation;

2.  minimum fuel consumption;

3. minimum pollutant emissions (CO, NO,, SOy, soot, CO,).

For the last strategy different weights of the different pollutant emissions may be applied. In
the present work, we have assumed that they are proportionally weighted with the Italian
legislation maximum limits, as reported below. A back-tracking algorithm is used for the
optimal solution identification. The numerical representation of every subsystem is
summarized in Table 1. Each equation is representative of the energy transformations taking
place into the correspondent equipment between input and output. Efficiency forming
equations are set point dependent, according to the manufacturer specifications. The efficiency
(h) of each equipment (x) is represented by a k-th order polynomial function as it follows:

=Y ESP, (26)

where E is the primary input energy and SP, the equipment set point at every time-step.

As an example, a cogenerator can be represented as a black-box where fuel is converted,
through an efficiency function like (26),in electricity, thermal energy (both low and high
temperature) and cooling energy, as shown in Figure 2. The energy model can be divided
into two main submodels: the electricity balance and the thermal balance.

5. Case study

The proposed methodology has been applied to an industrial plant that does not adopt any
particular energy management strategy. The company is involved in the production of
household ovens and cooking planes for kitchens.
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Table 6. Subsystem characterization

The production volume has been grouped in 5 product families representing the entire
production: household oven n°1 (HO1), household oven n°2 (HO2), household oven n°3
(HO3), cooking plane n°4 (CP4) and, cooking plane n°5 (CP5). The plant produced several
different products classified by shape and size, and identified by a specific tag.

The production process is made up of the following working cycle: sheet metal forming by
means hydraulic presses; welding and folding; glazing; quality control; sticking; assembling;
final quality control.

Vo0 @ ®o @0

Fig. 3. ASME process description

The aim of the project is reducing specific energy costs through the application of the
methodology previously illustrated.

The steps 1 and 2 of the proposed methodology have allowed identifying overall plant
energy costs and consumptions due to electrical energy and gas, and to evaluate their
distribution among the different production areas. Electrical energy consumption was 10
GWh/year which took to a cost of about 1.1 million €. Regarding the gas, a consumption of
about 3 MSm?3/year took to a cost of just little more of 1 million €. The amount of global cost
was about 2100 000 €/year with an incident on final product cost of about 3 €/u.
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The primary energy consumption (TEP) distribution is 48% electricity (IMWh = 0.23 TEP)
and 52% natural gas (1000 Sm3= 0.82 TEP), while energy cost is distributed 52% for
electricity and 48% for natural gas due to the higher unit price (€/TEP) of electricity as
shown in Figure 4.

a)

m Electricity consumption (TEP) m Natural gas consumption (TEP)

b)

m Electricty (€) m Natural gas (£€)

Fig. 4. Distribution of energy consumption (a) and cost (b)

The industrial plant features only one electrical meter on the main electrical transformer
booth and only one gas meter on the main panel. Therefore, in order to identify the energy
consumption distribution, an assessment has been carried out and a measure campaign of
absorbed active electrical power for zone has been performed. As a result the compressors,
hydraulic presses and welding machines represented 60% of the whole electrical
consumption as shown in Fig. 5a.
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A measure campaign of consumed natural gas in each zone of the industrial plant revealed
that 72% of the whole gas consumption is consumed for the glazing area (41% for furnace 1
and 31% for furnace 2) and, 28% in the boilers employed for heating and hot water
production for grease removal as shown in Fig. 5b.

a)

B Compressors (kWh) m Hydraulic Presses (kWh)
u Welding (kwh) M Others (kwh)

b)

B Boilers(Nm3) M Furnacel(Nm3) MFurnace2(Nm3)

Fig. 5. Distribution of electrical consumption (a) and natural gas (b)

The hourly data recorded by the central electrical meter allow the characterization of the
consumption in terms of main load profile of the entire plant and the realization of useful
graphical representations as well as the contour map. Two examples of these further
analysis are reported in Figure 6 and Figure 7.

A detailed analysis of the energy bills for the previous thirty-six months revealed a mean
electricity cost of 0.11 €/kWh, which is sufficiently high to highlight a saving opportunity by
changing the electrical contract. On the contrary, the gas costs did not appeal for saving.
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Fig. 6. Contour map: electrical consumptions in March
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Fig. 7. Mean load profile for a weekday

Therefore after this preliminary step, following the methodology step 3, the energy drivers for
the characterization of electrical consumption of the main and unique electrical meter and gas
meter have been identified. As already remarked, the production volume has been grouped
into 5 product families, assumed to be the energy drivers for electricity consumption.

Data related to the electrical consumption of the years 2005, 2006, 2007 with monthly time
resolution and the production volume per each product family have been considered and
the statistical software MINITAB has been used . The output of the regression model is:

C (month) =460 602 ( ) +4.21 (umt) Vi (month) +1.55 (kWh) V2 (month) *

+4.42 (%) V3 (mo th) +5.51 (umt) Vi (month) +10.5 (u nit ) V5 (mol;th) (27)
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Predictor Coef SE Coef T P
Constant 460602 34472 13,36 0,000
HOl 4,212 1,018 4,14 0,000
HO2 1,547 1,044 1,45 0,149
HO3 4,423 1,067 4,14 0,000
CP4 5,5098 0,9181 6,00 0,000
CPS 10,527 1,147 9,18 0,000

5 = 3304,60 R-S5q = 87,6% R-35gqi{adj) = 85,6%

Analysis of Variance

Source DF 55 NS F P
Regression 5 2323097489 464619498 42,55 0,000
Residual Erroxr 30 327611160 10920372

Total 35 2650708649

Fig. 8. Statistical parameter for model validation

The statistical validation of the regression model, shown in Figure 8, is characterized by a
squared regression coefficient, R?, of about 87.6%, thus denoting a strong correlation. The p-
values in the table show the reliability of the regression coefficients and the analysis of
variance shows a controlled residual error. The model is consistent for the analysis: after the
analysis of statistical measures and their positive results we can discuss the characterization
model and in particular we pointed out that 460 602 kWh/month was a consumption
independent of production volumes.

As the energy consumption model is now available, the forecast of energy consumption in
the year 2008 can be performed on the basis of the predicted production volume of each
product family for the same year provided by the company.

By this way it is possible to work with a reliable forecasting consumption for the contract
renewal, following the methodology in the step 5.

The original electric energy contract features three time bands, F1, F2 and F3, with unit costs
0.15 €/kWh, 0.09 €/kWh and 0.06 €/kWh, respectively. The consumptions distribution per
band was 41% in F1, 53% in F2, 6% in F3.

The methodology application to this plant allowed the contract renewal, enabling the choice
of the best tariff among the Italian free energy market. Ten different tariff proposals (both
fixed and combustible basket linked) considering 2 (peak - off-peak) and 3 (F1, F2, F3) bands
have been considered and compared. The tariff proposals and the resulting energy costs are
summarized in Table 7.

The consumption forecast based on the production volumes yields an overall consumption
of about 15 GWh/year subdivided into the rate bands as follows:

e 52%inF1,35% in F2,13% in F3;

o 81% peak, 19% off-peak.

The predicted consumption per band allows calculating the unit energy cost, in order to
identify the optimal electrical tariff. This is the only way to have a clear vision of the
electricity unitary price and a homogeneous basis to compose the total cost. Following this
approach, the best tariff is the bidder 4 (see Table 7), that is a three-time bands characterized
by the following unitary prices (F1 = 0.13 €/kWh, F2 = 0.1 €/kWh, F3 = 0.05 €/kWh).
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Average Average
. cost with CO.St
Fixed Combustible | F1, F2, P OP # of regression without
basket linked | F3 ! bidder regression
model madel
(€/kWh) (€/KWh)
X X Bidder 1 0.1173 0.1128
X X Bidder 2 0.1123 0.1099
X X Bidder 3 0.1157 0.1123
X X Bidder 4 0.1091 0.1093
X X Bidder 5 0.1143 0.1109
X X Bidder 6 0.1122 0.1098
X X Bidder 7 0.1201 0.1189
X X Bidder 8 0.1134 0.1109
X X Bidder 9 0.1121 0.1087
X X Bidder 10 | 0.1267 0.1178

Table 7. Characteristic and calculation of optimal tariff

After contract renewal, the company aimed to understand the evolution of energy cost and
consumption and defined a reliable budget, following the methodology in the step 6.
Therefore, after energy consumption characterization and prediction, the budget has been
calculated considering the following information:
o the forecast of production volume for 2008 that has been provided by the company;
o the electrical energy tariff has been fixed equal to (F1 = 0.13 €/kWh, F2 = 0.1 €/kWh,
F3 = 0.05 €/kWh);
e the production has been scheduled 52% in F1, 35% in F2, 13% in F3.
The plant has to be operated mostly during peak hours due to the constraint stated by union
agreement and to the convenience of factory workers hourly cost during peak time. This
component had more influence on the final product cost than the energy cost. In particular
the different products were made in different lines operating simultaneously during the
production time. So there was no difference in terms of absorption. The 2008 planned
budget was 1 636 500. €. It has been evaluated considering a reliable forecasting of
consumption, the best tariff renewal and the optimization of the energy machines
management.
The effectiveness of the proposed approach is highlighted by the real energy consumption
of the industrial plant in 2008.
The optimal tariff led to a mean energy cost of 0.1091 €/kWh, against 0.1173 €/kWh of the
original one, thus yielding a whole saving of about 120 000 €. It is worth of underlying that a
tariff comparison on a fair basis could be done thanks to the forecasting model (i.e.
integrated approach), as the same comparison based on the simple historical data analysis
would have led to wrong choices. Only considering the historical data, in fact, the “best”
tariff would have been the bidder 9, a 3 time bands with the following unitary costs F1 =
0.14 €/kWh, F2 = 0.09 €/kWh, E3 = 0.06 €/kWh. The application of this tariff would have
given an actual energy cost of 11.21 cent€/kWh, about 7% higher than that given by the
bidder 4. Choosing bidder 9 in place of bidder 4 would have led to a loss of 45 000 € in 2008.
The industrial plant behavior, in fact, may significantly change from year to year, especially
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in the case of multi-product plants, thus leading to energy drivers modifications. This means
that simply employing historical energy consumption data would not take into account
these changes, thus leading to wrong conclusions. It is obvious that the more the industrial
plant production is variable, the more the integrated approach is effective.

In relation to the energy budgeting, the planned budget error was only of 1% relating to the
actual data for energy expense for the 2008. Formulating the energy budget only considering
the historical data and the old tariff not renew, we would have obtained a budget of
1 173 000 € with an error of 10% respect the actual energy expense for the 2008 even under
hypothesis to increase the forecasting of 30% linked to an increase of the production volume.
This error would have entailed not correct allocation of the budget cost with a consequence
on the final cost balance of the year.

For the 2008, in order to monitor the energy intensive areas of the plant, the company
decided to install both electrical and gas meters in the plant. A measure campaign has been
carried out as described above in paragraph 5.4. Accordingly to the previous consumption
splitting up, following the methodology step 4, the planned distribution of electrical and gas
meters are shown in Figure 9. An energy information system has been implemented in order
to analyze energy data and to control real time the consumption following the methodology
step 7.

Measuring system installation allowed to implement a real time control of consumption
both on compressors and hydraulic presses. The authors show an application on the
hydraulic press as an example. First of all the statistical model of electrical consumption has
been defined considering as energy driver the strokes of hydraulic press at quarter hour
(strokes/15 min).

A linear regression model has been built on the hydraulic press meter, with a quarter hour
time resolution, as follows:

kWh
C(kWh)=6.5 (kWh)+ 0.5 (
strokes

) S(strokes) (28)

R*=98% (29)

Then a CuSum control chart has been implemented to monitor deviation to normal
consumption. The cumulative sum of difference between actual and predicted value of
consumption was automatically plotted on the chart as in Figure 10. The CuSum can be used
to monitor consumption process variability and it allowed to distinguish between random
variability and variability due to different utilization conditions. Such a situation occurred
as energy drivers were included in the predicting model. Hence a deviation in normal
consumption is pointed out when the points in the chart exceed a previously defined
statistical limit. The CuSum were implemented and automatically upgraded with data
registered by electrical meters and sensors.

Figure 10 shows part of the CuSum evolution. In the first part the CuSum has a flat trend
and is below the first limit value, thus highlighting a good agreement with the prediction of
the consumption model.

Then a significant and progressive increase is observed, due to an unexpected energy
consumption rise, which is to say an extra energy consumption not related to the chosen
energy drivers.
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Fig. 10. CuSum of the hydraulic press energy consumption

Due to the modality of CuSum construction a meaningful change in the slope of the curve
highlights the presence of energy consumption anomalies. A warning or an alarm for the
operator could be set when the CuSum reaches an upper or a lower limit. As proposed in
(Cesarotti et al., 2010), the first (warning) limit values are the +30 of initial population, the
second (alarm) limit values are set evaluating the particular sensitiveness of the monitored
users.

Using these limit values, an alert has been given (in October 2008) to point out that energy
was being wasted; the emerged problems were essentially linked to bad maintenance
procedures and an excessive heating of hydraulic oil.

The improvement in these two topics bring a great change in the press performance, as it’s
reported in Figure 11; in Table 8 an estimate of the reached saving is also described.
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Fig. 11. CuSum of the hydraulic press energy consumption after maintenance
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kWh/year €/year
2008 assessment | 827 030 €104 206
2009 assessment 734 518 €92 549
Difference 92 513 €11 657
% Saving 11%

Table 8. Savings evaluation

The implemented method allowed a control that it was not a simple monitoring of the
actual consumption of the hydraulic press but it was a control based on the comparison
with the planned consumption. Indeed the planned consumption was referred to the
strokes/min that drive the consumption of the press and statistically reliable. Finally the
accurate setting out of the sub-meters in the plant allowed to circumscribe the analysis of
deviation.

The use of control chart allowed to find out different behaviors depending on the monitored

system as:

e anomalous use of the system (systems or components left on during no operating time);

e physical limit of the system users (i.e. compressor with constant power absorption that
does not adapt to variable demand of air of the final user);

e anomalous system operating conditions due to need of maintenance (i.e. inefficient
thermal transfers due to calcareous coat, anomalous press consumption due to lack of
lubrication, etc.).

Finally the company has been interested, for the strategic future plans, to simulate a power
plant to produce energy.
The simulated power plant consisted of a cogenerative gas engine producing part of the
plant electrical and thermal energy for hot water and steam. The engine was used to be on
during daily time (i.e. 8 a.m. - 18 p.m.) and the other equipments were used to satisfy the
company energy loads. No particular strategy was applied to optimize the use of the
cogenerative engine. The power system behavior has been translated into a mathematical
model, as the one described in (Andreassi et al., 2009), which emulates the energy/mass
balances existing between the power plant and the building. The model allows matching the
industrial plant energy demands (electricity, hot water, cold, etc.) through an analysis of the
system performance characteristics, taking into account the main subsystems integration
issues, their operation requirements and their economic viability. All the integrated
equipments are considered as energy converters. They are characterized by inputs and
outputs and are modeled as black-boxes. Conservation equations are considered to solve
each subsystem with a quasi-steady approach (i.e. the variables are considered constant
between two time-steps). Simulations are performed pursuing the goal of determining
conversion efficiency and energy cost with optimised equipment operation, in order to
satisfy specified criterion. In this case the minimum energy cost have been chosen as the
optimization criterion (other could be minimum fuel consumption or minimum pollutant
emissions). It is worth to underline that this kind of analysis takes into account the
possibility of selling excess energy and the different cost of the same fuel as a function of its
utilization (i.e. different taxes are applied if the same fuel is used for heat or electricity
production).

Beyond the saving obtained through the power plant management optimization, it is

important to highlight its strong correlation with the other methodology steps, and in
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particular the forecasting model and the tariff analysis. The economic and consumption
advantages descending from a comprehensive application of the proposed methodology is
shown in Table 9. As expected an increasing modules integration maximized the cost saving
that was about 220 000 €/ year.

Electrical power (cos¢p=1) kW, 1063
Thermal power kW, 642
Electrical energy kWh, 2750194
Thermal energy for hot water about 90°C kWh; 1 694 880
Thermal energy for steam kWh 1502 160
A) Electrical energy costs € 336 649
B) Hot water energy costs € 61721

C) Steam costs € 54 703
D) Natural gas costs € 233 601
Saving € 219 472

Table 9. Economic plan of the investment

6. Conclusions

A methodology pursuing the energy management improvements is presented. Each step

constituting the proposed process is illustrated, underlying the main operational aspects

and the distinctive characteristics. The relations between the methodology steps and some

significant results emphasizing the main aspects are reported.

In particular the importance of establishing a complete monitoring system is underlined and

the methodological instruments for controlling the energy performance of an organization

are described. The proposed methodology helps the organizations to establish an effective

energy management system which can:

e develop and understand of how and where energy is used in the facility;

e develop and implement a measurement method to provide feedback that will measure
performance;

e  benchmark energy use against other comparable facilities to determine how energy
efficient an organization is;

e identify and survey the energy using equipment;

e identify energy conservation options and prioritize their implementation into an energy
management plan;

e review the progress on an ongoing basis to determine the program’s effectiveness.

The application of this methodology to a case study highlights the effective convenience of

this approach. The data collection and analysis allowed the characterization of the energy

profile of the organization, in terms of consumption, costs and future trends. Useful

instruments (as the contour map and the mean profiles) have been applied. A forecasting

model has been calculated for studying the future consumption and make possible correct

budget consideration: in particular a 10% saving has been obtained with a contract renewal
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and the final error in budget allocation is about 1%. The case study also demonstrated the
effectiveness of an energy monitoring system in order to identify in short time inefficiencies
of the energy users; it allows a rapid alarm and the possibility to plan the necessary actions
to reduce energy costs. In this case the organization cost reduction was 11%, eliminating
inefficiencies in the hydraulic press.
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1. Introduction

This chapter will discuss aspects related to the variables of firm governance from the
viewpoint of energy optimization. This is an important aspect because, in the current highly
competitive market, in addition to competing on the characteristics of the products
produced or services rendered, become strategic factors also important parameters of
production efficiency, which often force companies to relocate in remote areas where energy
costs of production are lower. Instead, another possible solution is to increase the efficiency
of its industrial system for an enterprise of production or reduce consumption of any
enterprise in the field of services to avoid such delocalization.

The recent debate on the energy has seen a plurality of views and actions initiate a broader
discussion of what does not happen just a few years ago. The combination of environmental
effects is clearly measurable emissions generated by anthropogenic climate, and the crisis in
prices energy produced with the explosive global demand, has produced a transformation
of the importance of that perspective as to the terms of a violent debate acceleration, such as
to require all players to such sensitive issues to rethink their positions.

The weight of energy production from renewable sources of total production, continues to
be dramatically lower, and not aligned to the objectives of reduction of emissions. This is
compounded by the fact that, in the price system of fossil of today, the cost of Kilowattora
product with the most economic renewables now available (large wind blades in windy
areas) is more that three times that produced by traditional methods, such as from coal. This
heavy gap making it unacceptable to think that the solution to the problem could come from
the side of improvement in the production of energy, shows that the greatest gains can be
reached quickly and with more low investment costs are on the energy savings. This is
essentially to rethink the development model, especially for urban development and
settlement, identifying ways in which to reach the lowest levels of energy consumption
while maintaining sustainable economic growth rates, breaking the existing link between
economic growth and energy consumption.

2. Some emerging issues

A. Currently, energy policies are all related to buildings existing and / or new construction,
(supported by a large number of cultural projects), and the rules are all finalized to the
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improving of the climate, with a capacity of incision extremely limited if proportionate to
the complexity of the topic. The above actions will inevitably occur with a frequency much
time slow (30-40 years). This makes this process slow, in fact, the response generated by
interventions are not commensurate, neither predictable in terms of quantity, with the
development of environmental problems and the availability of sources fossil energy
occurring currently underway at both local and global. The awareness of this situation
requires a different and wider strategy approach to the problem. Evidences of the endemic
slow, causes of the fragmentation in the standards and the establishment of initiatives for
energy policies, are the lack of rules for the approval and the low implementation of
facilities for the production of renewable energy. Because of this gap, the regulatory
framework, characterized by a highly fragmented, leads to a different approach from region
to region, often hostile towards the projects.
B. It is now given irrefutable that the heart of the problem of climate emissions is physically
concentrated in medium and big cities, in which the temperature is higher than at least two
degrees compared to less densely urbanized area. Hence the choice in European headquarters,
to identify as the seventh thematic strategy of the urban environment, complex and multi-
space within which it manifests the need for mandatory affirmation of the principle of
integration of environmental policies on the "other" policies. In a large number of activities
now under way around the energy issues, the environment fails to a systematic approach,
which sees the re-location of different actions and initiatives. The theme of this strategy, which
refers to the concept of integration, limits to the urban environment to its scope. From the
perspective of the territorial structure is precisely this point today debate. More and more
forms of settlement are abandoning the traditional partition between city and countryside,
while the settlement process more violent and more consumption of soil invest today the wide
margins of regional transport infrastructure road, with the inevitable growth in demand for
private mobility by road, adding unsustainable land (waterproofing, concrete) unsustainable
environmental (pollution, release of CO2) and unsustainable energy. The model of
environmental thought to determine the benefits of a program reordering settlement should
first assess the savings resulting from the indicators such as:
- demolition of buildings that spend Energy
- reconstruction of buildings zero emissions and implementation of integrated systems
for urban production and distribution of energy (central heating, cogeneration, tri-
generation, biomass, etc.).
- reduction of land (increased density)
- reduce the heat to a local scale (less surfaces paved / cemented to the highest density)
- a reduction in private mobility mass (less commuting to distant destinations, less
commuting to the exchange with the iron)
- reduction of congestion (traffic flowing more)
- increased pedestrian generated by the deployment of new centrality around Iron
stations;
C. The spatial diffusion of contemporary forms of renewable energy production (wind, solar
active and passive generation of biogas, etc..) is now changing the historical characteristics
of the national electricity grids. Where once his role was to distribute energy produced in
the territory in a few centralized energy policy, the spread of those new ways of sustainable
production and the liberalization of electrical output measures is relying increasingly on the
network collection of role of energy. No longer a one-way, but a network of integration /
interdependence. In turn, the infrastructure of a national scale is not most describe as the
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backbone infrastructure in charge of bringing the energy from one end to another country,
but becomes the infrastructure for interconnection of territories production consumption
characterized by its energy self. This conceptual transformation but it is not happening in
terms of reality. These new features needed in relations between the network and the area
also produced a new conceptualization of both the network that the territory itself. The
territory in terms of energy changes, becoming space liabilities through a field by the
interconnected through active infrastructure, and each system has territorial identifiability
thus allowing the Construction of a specific energy balance and sustainability assessments
energy - environment, even in view of the allocation of certificates to the white under the
Kyoto Protocol. The provision requires the independent choice closest between the
"collection" of renewable energy technology and their use, namely the orientation the
potential for further investigation on natural land.

D. Finally, the liberalization initiatives in the field of municipal is producing, in different
contexts, groups of companies in multi-communal area forming a system of spatial mesh
already made substantially

corresponding to the spatial mosaic of local energy markets over recalled. There is an
optimum growth Multiutilities beyond which the costs the complexity of risk management
overhang the benefits from synergies. It is not can identify the optimum size, but expected
to read the current processes aggregation is coming to set up poles "regional".

But what now takes on greater significance is the only partial liberalization of markets. This
still remains the problem of fragmentation of supply in too many units productive.

3. Energy optimization in industrial farms

In industrial field, one of the most advantages, derived from the industrial automation
process implementation, is possibility to regulate process control parameters. This
possibility allows to determine an optimal configuration of control parameters, useful to
reduce the energy consume and at the same time, to guarantee the same quality level of the
production.

The importance of energy usage escalates rapidly due to the international task of reducing
global emissions of carbon dioxide. According to a recent research report from Cambridge,
significant changes are needed in order to make the industrial system sustainable. Therefore
energy becomes an increasingly important issue, especially for the process industries that
normally use a relatively large amount of energy. Even though some process industries are
not that dependent on external supply of energy, since energy often becomes a by-product
when the incoming raw materials are transformed in the main production, effective and
profitable use of energy is still an important and strategic issue. In addition, in times of high
electricity prices, some process industries are forced to reduce, or even stop, their
production, further highlighting the strategic dimension of effective energy planning.

From a general perspective, process industries include firms that deal with powders,
liquids, or gases that become discrete during packaging. They include the pipeline
industries such as refining, chemical processing, food processing, textiles, and metals.
Process manufacturing is defined as: Production which adds value by mixing, separating forming,
and/or chemical reactions. It may be done in either batch or continuous mode. Process industries
make up a high proportion of the manufacturing operations in the early stages of the overall
production cycle of converting raw materials into finished products. Most process industries
can be classified as either basic producers or converters, and sometimes a combination of
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the two. A basic producer is a manufacturer that produces materials from natural resources
to be used by other manufacturers, whereas a converter changes these products into a
variety of industrial and/or consumer products. As such, process manufacturers would be
positioned in the lower right hand corner of the product-process matrix, typically producing
commodities in high volume/limited variety.

Whereas fabricators and assemblers can be labor intensive, process industries rather have a
high cost of capital invested in facilities and in many cases also a high cost of energy usage.
In many process industries the cost of energy can be between 10-20 % of the total cost of
goods sold, in other words similar to the cost of direct labor in many labor intensive
companies. For process industries with a high cost related to the supply of energy, it is
imperative to establish an energy management system and to analyze its effect on productivity
and efficiency. The supply of energy also plays a central role for the profitability of the
company, in terms of e.g. the relationships linking the value of energy to its influence on
product prices. Furthermore, many process industries have the possibility to extract an energy
surplus from the by-products, thereby offering the possibility to sell electricity, heating, etc., to
the surrounding. Hence, there are many areas to improve and optimize, and effective energy
planning plays a central part in overall operations management for many process industries.
In this section an innovative methodology for the productive processes qualification based
on quality characteristics improvement and on their simultaneous evaluation cost, is
proposed, and an industrial farm (Leghe Leggere spa) application of the proposed technique
is discussed.

3.1 The proposed approach

The proposed approach uses statistical tools in original way obtaining an innovative
qualification activity in term of measurement, diagnostic and optimisation of industrial
systems.

The proposed methodology, is based on the following five steps:

I) Definition of a P-Diagram as reported in Figure 1.

In the diagram of Figure 1 the system performances yT =(Y1,--+Y,) (quality characteristics)
are linked to the input signals m" =(my,...,my) through a certain function. The system
desired performances are obtained through opportune control parameters x' =(xq,.,)
that are all system parameters able to change deterministically performances, while

T . L
u =(uy,..,u;) are the noise factors, whose effects on the performances variations are not

controlled by desired deterministic regulations.

For the evaluation of the control parameters and noise factors are used cause-effect
diagrams in which all variations of the quality characteristics values, according to existing
models or to experimental dates, are attributed to all possible sources.

In the design of system a general function between control parameters Xi (i=1..n) and the

quality characteristic selected Y is:

y=f(x1,%,0%,) )

Control parameters Xi are considered random variables with an evaluated mean X; and
evaluated variance s2 (x;), than the quality characteristic is

y:f(il'iz"“’in) (2)
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Noise Factors
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III) Then, an ANOVA analysis is performed to determine the effective effects of the control
parameters selected in the past step on the quality characteristic to be optimized.

Through this technique total variation SST (Total Sum of Square) of the monitored quality
characteristic can be divided in more components according to the number of the control
parameters.

Fig. 1. P-Diagram.

N ) TZ
SSr =[;ni -5 3)

where N is the total number of the experiments, ni are the objective function values, used to
represent the quality characteristic, in the different experiments, and T is the sum of n;.
Variation of every parameter is estimated from the (4):

S5y =— = (4)
ny  Hy, o fy ny; N

v.w.w, v

where V; is the value of the parameter considered and n, is the number of times in which it's
in i-level.

Calculus of variations of each parameter allows to know the effective incidence of itself on
the quality characteristic. At this aim, variations are normalized in variances through the
division of themselves for the degree of freedom (DoF).

Finally a Fisher test is conducted and each parameter variance is compared with error
variance and the result compared with the statistical F.

F,=9Y 5)
G.
With
oy =2, 5 5% ©)
8v &e

IV) Then, an experimental design is defined and is performed to reduce the experimental
test points. Each control parameter selected needs not less three-variation levels to allow



60 Energy Management Systems

measure its curvature. If system is characterized by too many control parameters is possible
use orthogonal matrices, to reduce the experimental plan.

Finally, to optimise the quality characteristic an objective-function is selected. The structure
of the objective-function is dependable from the specific case dealt, and the main ones are
reported in Literature.

V) In the last step, the costs, related to the improvement activities on the quality
characteristic selected, are evaluated through a Quality Loss Function:

L(y) = S5 (y-m)’ ?

o

. A o e . . -

in which A—‘z’ , generally indicated with “K”, is constant defined as quality cost coefficient,
0

whose determination is conducted fixing the tolerance limit behind output product is
reworked and evaluating the relative cost through a complex analysis of all economic

impact factors ( people, energy use, devaluation).

wy) T

Fig. 2. Quality Loss Function

The expression (7) has to be applied in the two operative conditions, pre and post
experimentation, to verify the presence of an increment of cost function. In fact, certainly the
quantity (y-m)2 is reduced after the experimentation, as imposed by the objective-function,
but the coefficient K value should be incremented according to new distribution of the
economic impact factors.

Proposed methodology application allows the industrial processes quality characteristic
optimisation, through the choice of the control parameters opportune parametrical
combination that make system insensible to noise factors, and through the analysis of the
cost function.

3.2 Case study

Here the results of the application of the proposed methodology to industrial farm (Leghe
Leggere spa) are reported.

Quality characteristic selected is superficial hardness of the aluminium bar produced in the
farm analyzed.
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First step is verify of process normality. For this purpose a y? test is been conducted and
results are reported in the following.
x? TEST

2
) Y2l ®

where:

Fo= observed frequencies

F;= theoretical frequencies

k = classes number

p = parameters number

In the dealt case: k=5;p=3 than: k- p -1 =1
from ( 8) results:

%3 =5.66
From the tables, for one DoF and 0.01 significant level, results:
Xiom =6.63

It's possible to accept normality Hypothesis with significant level of 0,01 %, id est, a
confidence interval of 99,99%.
In table 1 control parameter and their levels are reported.

Mg

Level
evels Si

ta(h) [T (C° |Tp(h)

Mg _
1 S 0,90 16 175 8

Mg=0,38 % Si=0,42 %

Mg o

2 Si S 14 |18 |6
Mg=0,48% Si=S0,5i=0,44%

Mg .
M8 _1,21 with
3 s oM 12 |200 |4

Mg=0,58 % Si=0,48 %

Table 1. Levels

In the dealt case, we have a limited nominal value (70 Brinnel) of the quality characteristic,
superficial hardness, to be included in the interval 60-80 Brinell, so we have used a signed-
target objective function:

n=-10logc* )



62 Energy Management Systems

From calculus of o results:
o2 = %(62 +3%+6%)=27,00 (10)
o2 = %(32 +3%+5%)=14,33
3 =%[(—2)2 +0+2%|=2,67
o2 = %(152 +137 +8%) =152,67
o2 = %(32 +10>+107) = 69,67
o2 = %(142 +8” +87)=108,00

o2 = 1(102 +15% +10%) = 141,67
3

ol = 1(152 +152 + 102) -183.33
3

than for the objective function selected results:

M—g ?e‘;r?;lining Oven SZiirilng n
Experimental Si time temperature time
number o o [decibel]

[%] [hours] [*Cl [hours]
1 0,90 8 175 16 -14,31
2 0,90 6 185 14 -11,56
3 0,90 4 200 12 -4,27
4 1,1 8 185 12 -21,82
5 1,1 6 200 16 -18,43
6 1,1 4 175 14 -15,27
7 1,2 8 200 14 -20,33
8 1,2 6 175 12 -21,51
9 1,2 4 185 16 -22,63

Table 2. Experimental results of orthogonal matrix
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For the hypothesis of independence of control parameters results:

o 14,31-11,56-4,27 _

-_ ! = 10,05

Ao T2A82-18,43-1527 o o)
3

A, - 20.38-2151-22,63 _ ) 4
3

B o T1451-2182-2033 o o)
3

B, - C1L56-18,43-2151_ . .
3

B o 42715272263 _ 4, o0
3

o T1481-1527-2151 _ 1, o
3

G, T1L56-2182-2263_ 4
3

C o h-1843-2033 5,
3

b - "14581-1843-22,63 _ .
3

b, - T11,56-15.27-2033 _ .,
3

D, - 427 -21,83-2151_ .,

3

Than is possible to reach the optimum configuration of control parameters to maximize the

objective function.

Variable Parameter Optimum level
A % 0,90
Si
B Oven remaining
time 4h
C Oven temperature  200°C

D

Oven waiting time 14 h

Table 3. Parameters levels optimum choice
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ANOVA

Total variation SS; can be divided in its five components:
SS, variation owned to factor A

SSg variation owned to factor B

SSc variation owned to factor C

SSp variation owned to factor D

SS. variation owned to error

SSt =554 + SSp + SSc + SSp + SSe (12)
NoooT?
SSr=[p i 1-— (13)
i=1 N
SSr= 290,03
2 2 2 T2
SSV:V71+V72+V73_T7 (14)
ny  ny, ny N

withV=A,B,C D
Main effects of control parameters are shown in table 9.

A B C D
1 -30,14 -56,46 -51,09 -55,37
2 -55,52 -51,50 -56,01 -47,16
3 -64,47 -42,17 -43,03 -47,60
TOTAL | -150,13 | -150,13 | -150,13 | -150,13

Table 4. Main effects.

SSa =211,42

SSg = 35,09

SSc = 28,62

SSp=14,21

SSe = SSp + SSp + SSc + SSp - SSt = 0,68
Fischer Test

Fischer test results are shown in table 10

Source Vaz‘;e;t)lon DoF | Variance F

A 211,42 2 105,71 | 459,70
B 35,09 2 17,54 76,26
C 28,63 2 14,32 62,26
D 14,21 2 7,10 30,86
e 0,68 3 0,23

T 290,03 11

Table 5. Fischer Results



Energy Optimization: a Strategic Key Factor for Firms 65

From the table results that quality characteristic variation is owned to parameter variation
and not to the error, and above all it depends from factor A variation.

In the last step, the costs, related to the improvement activities on the quality characteristic
selected, are evaluated through Quality Loss Function:

A, 2
Ly) =5y -m) (15
k= A—g = 0’721 =0,0071 (16)
Ay 10

Optimum combination of control parameters that maximize the objective function n is A B3
C3 Do
Than, in these conditions, mean p results:

w=A, +By+C;+D, 3T =—4,13 (17)
and:
~10logc® = 4,13 = ¢* =2,59
So results:
A 2 €
L,(y)=22(y-m) =ks*=0,02| — 18
a(v) A[2)(1/ ) L{g} (18)

Pre —experimentation control parameter combination was A1, By, C2 e D», characterized by p :

w=A, +B,+C,+D,-3T =-11,57 (19)

and:

~10logo® = 11,57 = 6> =15,35

than the pre-experimentation value of quality Loss was:

L,,(y)=%§(y—m)2 = ko? =o,11{k€g} (20)

from (10)and (12), after experimentation results a economic improvement of:

L,(y)-Ls(y)=0,11-0,02= o,os{kj (21)

In this case, the proposed technique has produced a strong improvement of the quality
characteristic selected (superficial hardness of aluminium bar) and contemporary has
produced a reduction of associate productive unitary cost through the preliminary check of
the critical productive phases in term of energy use.
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Oven cycle

220

185 185

3
=)

Temperature (C°)
8

70 70

20

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

Minutes

Fig. 3. Oven cycle

65- 60

EPRE OPTIMIZATION

B POST OPTIMIZATION

36

M’ Methan

NN NN NN NN N NN

Transitory time Time at constant
temperature

Fig. 4. Methane consume



Energy Optimization: a Strategic Key Factor for Firms 67

Energy consume;
25%

(Other; 30%

ministrative
and commercial
People work; services; 8%
37%

Fig. 5. Distribution of impact factors for k calculus

4. Energy optimization in service farms

The present section gives a quality measurement methodology based on a complex analysis
of internal and external indicators and of the links existing between the two ones, oriented
to the energy optimization in service farms.. The result of the proposed methodology
application is to dispose of an operative tool to apply appropriate corrective actions to get
the quality characteristic monitored on the nominal value. In this section an application of
the proposed methodology to a water supply company is proposed. The starting
assumption is based on the belief that delivering a service through a control quality system
is a condition that ensures an energy optimization in the work processes of the company.
Nowadays we are attending the continuous proliferating of Quality Systems applied in
more and more several fields; but differently from some years ago, a recent trend turns the
use of these models not only towards the supplying of products but also of services. This
development exercises an ever-growing influence on the organization and management of
those companies interested to keep step in a competitive environment like the modern one.
Moreover this new approach upsets the traditional economical policy, in which, not the
efficiency, but the profit is in first place. On the other hand, presence of non-quality, results,
on the whole, more onerous than to adopt a Quality Management System. So quality
measurements hold an important role, proving certified information about the
efficaciousness and the efficiency of a productive process.

The modernizing process is involving also the Public Organizations, as the Utilities
Supplying Companies. Care must be addressed, above all, to organizations that supply
indispensable public services: electric power, water, gas. In fact, often, a monopolistic
management characterizes the distribution of these Utilities; this is due, in most cases, to
high production costs that would make difficult the rising of a more competitive
environment of small and medium enterprises. Absence of an alternative choice for the
consumer could take off any stimulus at continuous improvement that instead is a typical
result of the competition presence. Therefore the Quality Measurements can assure an
objective valuation of the offered service quality, and the characterization of right quality
indexes can assume an essential function in the definition of those criteria, that are basic in
the modern process of optimization for services production and management.

4.1 The proposed methodology

Diffusion of new approach has certainly contributed to give a more managerial feature to
the Public Organization, pursuing as a target the efficaciousness but also the efficiency of
the service’s delivery. This line of action left the hierarchic structure that put at the top the
object of service and believed less important the management aspects of its delivery. The
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starting point is represented by a new vision of the service delivery, where a circular
structure get a foothold; so the object of service represents simply a basic service that
develops oneself in the delivery of an infrastructural service.

The purpose is to verify the features conformity of any supplied service at the prefixed
targets. So it will lead to single out a set of internal and external quality indexes; the former
represent a direct measure of the quality for the infrastructural service as regards the
internal process, the latter represent a measure of the quality perceived from the user. The
developed procedure is characterized by two stages, which allow to make systematically a
detailed analysis of the problem and to execute properly the quality measurements. The first
one is the planning stage; it constitutes a preliminary step for preparing the measurement
process. In this stage it needs to define the measure variables, which describe better the case
examined. A useful tool is the “processes approach’, that is to single out the component
processes of the internal and external activities accomplished by the Organization, with the
respective responsibilities. Later on it’s opportune to define the quality indexes to monitor
and their ranges with the enclosed corrective actions. The last step foresees the choice of the
internal and external indexes for every process with the reciprocal relations of dependence;
the last allow executing the efficacious corrective actions. A particular care must be
addressed also for the choice of the informative system.

The second stage is relative to the execution of the measurement process, from the data
collection to their interpretation. It consists also to realize a control panel for verifying the
conformity of data to the fixed ranges, and if necessary for adopting the corrective actions. A
positive aspect of the proposed methodology is its possible application on any Organization
or Management System. Now below we present its validation on a concrete case: a Water
Supply Company of a big City.

4.2 Validation field: a water supply company

The process of water supply for the considered Organization can be schematized by a block,
where two interfaces are present, on one hand there is the Company, on the other hand the
final service user. By the ‘processes approach’, it's possible to recognize three structural
processes that are representative of the Organization Core Business: a) management of the
installations and water network; b) management of the relation with the consumers; c)
monitoring of water quality. The total output of these processes forms altogether the service
delivered to the consumers, moreover by a careful analysis it's to observe a reciprocal
influence among the structural processes, such interaction is schematized by other four
infrastructural processes for internal services: a) management of the provisions; b)
management of the staff professional training; c) process of internal communication; d)
management of measure equipment.

This approach results propadeutic to define a set of opportune quality indexes of the several
processes, in order to value the conformity of the delivered service at the fixed ranges. The
indexes singled out are classified as internal ones for checking the internal service efficiency,
and external ones for valuing the service efficaciousness and the customer’s satisfaction.
The former are the warning lights of a complex control panel, that is able to indicate
possible out-control situations. The tools used for the preliminary analysis are graphic
instruments, as the graphs of the index trend in comparison with the average level and
control limits, histograms and radar charts. Besides by cause-effect diagram it has been
possible to proceed with the Decision Making Analysis (DMA), in order to search for
correlations among the indexes.
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Fig. 6. Block-diagrama

Internal Quality Measures

In table 6 quality internal indexes for a water supply company are reported in term of
effective measured value and its standard value.

In figure 7, as an example, a point to point trend of estimation time is reported; in the graph
is also reported the standard value line, values measured average and trend line.

In figure 8, a histogram of estimation time is reported; in the graph is also reported the
standard value line.

E stimation

s S tandard
Average

e==Trend Line

Days
(=

November "DS,:& I

Fig. 7. Estimation Time - Point to point trend
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Average Values |Absolute Values

Average
QUALITY INDEX StandardAverage ‘I:;)ssi;i](;n IN° Int. (S),;,l]t)()f

(%)
[Estimation Time 30 days | 22,64 75,47 1020 20%
Works Execution Time 60 days | 12,25 | 20,42 1745 1%
Connection Time 10 days | 6,93 69,30 1275 11%
Contract Cessation Time 30 days | 17,92 59,74 2263 7%
First Intervention Time 8 hours | 1,50 23,00 1865 1%
Service Restoration Time 24 hours| 15,57 66,48 1378 19%
if;‘fgyﬁif;’aﬁon Time 1 g qays | 1,02 | 101,89 | 58 21%
Check Time of Water-meter |30 days | 12,58 41,94 24 0%
i‘e’gr%x;g;‘e of Water- 13 jays | 1505 | 5016 | 21 9%
Response Time for Complaint | 30 days | 17,86 | 59,53 85 0%

Table 6. Example of monitoring

N° Estimate

0-5days 6 - 10 days 11-15days 16-20days 21-25days 26-30 days  beyond 30

Fig. 8. Estimation Time - Frequency Histogram
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The figure 9 shows radar chart evaluated on all internal indicators.

Estlmatlon Time 30 days
Response Time for Complaint 30
days
Notification Time of Water-Meter
Operation 30 days

Conneclion Time 10days
~* Annual Average Value

Check Time of Water-Meter 30
days

Service Reactivation Time 1 dd F|rst Intervention Time 8 h

Service Restoration Time 24 h

Contract Cessation Time 30 days

Fig. 9. Radar Chart: Quality Factors

The figure 10 shows monthly average trend of each quality internal index.
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Fig. 10. Monthly Average Trend
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Results of decision making analysis, in which, as described in the proposed methodology,
internal indicators have to be associated with the interested process (Technical Process,
User-Management Process and Measurement Systems Management Process) are reported,
respectively, in tables7, 8 and 9.

First Intervention Time

Stages of
Technical Efficacy Efficiency
Process
Working hours/Km inspected
N° Recognized Leak/km of inspected network
Leak Search |network km of inspected network/year
RSt km of inspected network/ km of total Inspection cost km
network network/year
Service Restoration Time o
. . . N° emergency
Emergency | Time of service cessation for emergency | . .
. interventions/year
and Damage | Check of Water-Meter Operation Working hours/N° emergenc
RS/RA NP° users involved by service cessation & geney

interventions

User request
for

Connection Time

Average Time of Water-Meter
replacement

Works Execution Time

N° interventions/N° workers
NF¢ realized projects/N° total

int ti . .
prervention | Ne installed Water-Meter projects
RS/RA . . -

Time of on the spot investigation

NP° projects of ampliation network/year

Cost of network

Network Average pressure of network maintenance/ year
Management ; . . . Km of network in

Interruption Time of intervention .
RS/RA maintenance/year

1 Where:RS: Underground network; RA: Aerial network.

Table 7. Indexes of Technical Process

External Quality Measures

Servqual Method allows the measure of the external quality, id est, the quality perceived
from service users. It consists in the data analysis through a questionnaire proposed at a
statistical significative sample of customers. The Servqual index is a measure of the
customer satisfaction, in terms of the measured gap between perception and expectation.
The user expresses his estimate in a scale 1 up 10, subsequently by the valuation of average
Servqual indexes; the zones of force and improvement are got. A vision of these zones
allows recognizing the processes, which need corrective actions.

In table 10 are reported external indexes chosen for each service parameter proposed by
Servqual method.
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Stages of
User-
Effi Efficien
Management cacy crency
Process
Survey of
consufnptions N° annual measures/total users N° measures/N° workers
L . . Average time among measure
NP° errors of invoice/N° issued invoices and biglgl &
) Time of invoice rectification . .
Invoice/ o . Average time among bill and
NP° defaulting users/total users .
Management o . consignment
NP° users non-defaulting/ total .
of Payment . Average time among
defaulting users . .
and Default el . . consignments and takings
Notification of service suspension for S
default Volumes of invoiced water
Takings/turnover
Time of estimate
N° new contracts
N° notices of cessation/N° new . .
Contracts contracts / Time of contractual cessation
Notice of water-meter control
N° contractual modifications
Wait Time at counter window
N° information requests for bill/N°
total information request . .
o d N° workers of information
. NP° reached complaints/year .
Informations . . service/total workers
. Response time to complaints °
and claims . . N° workers of counter
Response time to written requests. .
o . windows/ total workers
N¢ information requests/year
Opening hours of counter
windows/week

Table 8. Indexes of User-Management Process.

Efficacy

Efficiency

NP° controlled measurement systems per

measurement system under calibration

Annual Cost of calibration

Measurement operation
annum .
Systems . . I Average Time among the
Average Time of internal calibration . )
Management Averase Time for replacement of forwarding of instrument to
Process & P Metrological Institute and

its return

Table 9. Infrastructural Indexes of Measurement Systems Management Process.

The control of the provided service quality requires, as above, from a side to verify the
customer satisfaction and from the other one a valid control panel monitoring the process
indexes. The proposed methodology represents an integrated system of measure, where the
data of efficaciousness and efficiency influence each other themselves producing the
improvement corrective actions according to the Standard UNI EN ISO 9001:2000. Moreover
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it represents a valid solution in cases where the complexity of the measurement process or

data entity is considerable.

Servqual Parameter

Indexes

Accessibility

Timetables opening front office shops
Billing
Facility to obtain information

Professionality

Competences
Personal availability

Efficaciousness

Errors in bill
Costs/ quality
Interrupt information
Time billing

Safety

Confidence in the drink water
Emergency rapidity

Tangible Aspects

Clarity of the invoice
Water quality
Continuity of distribution without pressure
decrease

Table 10. Servqual Parameters

In figure 11 are shown the results of the data acquired by questionnaires.
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Water quality .

. Continuity of distribution

&
&
g Clarity of (hEnvoice Emergency without pressure decrease
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yN—— Y ——
g 8 Errors in bill Costs/qualily Interrupt Time billing.
= informations
_& C Personal
T 5 13
E Timetables opening Billing Facility to obtain informations
— frontoffice shops
a
6 ‘ ,

—l- Accessibility
—/— Efficaciousness

—-Tangibles Aspects
—@— Safety

—+— Professionality

Fig. 11. Weakness and leak ness zones

5. Other aspects of energy optimization: ergonomics in maintenance for
energy sustainable management

Also with reference to energy, the sustainability concept recalls, implicitly,

the human

factor concept, since the energetic sustainability has two key components: one related to
production (renewable sources exploitation), the second one associated to the consumption
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and, then, to energy efficiency and saving. In this field building maintenance could
represent a key strategy. This section shows potentialities of the ergonomic approach,
particularly referring to building maintenance for a sustainable management of energy. It
highlights the central role played by final users and identifying all conditions contributing
to maintenance efficiency, able to assure, in the same time, energetic resources optimization
and environmental comfort.

5.1 Human factors and sustainability

As the Brundtland Commission has defined, “sustainable development is development that
meets the needs of the present without compromising the ability of future generations to
meet their own needs”, therefore, it is a process where resources exploitation, investment
strategies, technology development trends and institution innovations are all harmonized,
increasing present an future potentialities for human needs and wishes fulfillment. The
concept of sustainability provides a values set having a cross role among the single sciences
and disciplines, bringing a substantial and paradigmatic change in scientific approach,
thanks to the integration of fields of knowledge traditionally distant.

This new course involves science, culture, ethics, religion, entrepreneurship on the basis of
the will to establish an equilibrated connection between used resources in human activities.
In this sense, sustainability is meant as a methodological reference able to affirm universal
values such as wellbeing, equity, ethics fully respecting roles of all stakeholders but, also,
diversities in cultures and contexts, involving psychological, social, economical and cultural
needs, of which the environmental dimension is the framework synthesizing technical,
socio-economical and cultural components.

This perspective highlights the necessity to understand needs of all various peoples involved
in a process, in their specific environmental context, in order to configure operational
scenarios which are sustainable thanks to their ability to meet their expectancies, and, finally,
to their capacity to be easily accepted and promoted.

Also with reference to energy, the sustainability concept recalls -implicitly- the human factor
concept, since the energetic sustainability has two key components: one related to production
(renewable sources exploitation), the second one associated to the consumption and, then, to
energy efficiency and saving.

Strategies oriented to eco-sustainability in energy related issues, involve the focus on systems
and technologies able to increase the retention of produced energy and its saving rather than a
general improvement at the production stage, emphasizing the role of efficiency in the final
uses stages.

Energy consumption is, then, linked to a general problem of adequacy, involving specificities
of both systems and technologies, which are asked to become more and more effective and
functional, as well as more conscious procedures for their use.

Against the pressing necessity of lifestyles and approaches compatible with the optimal
resources consumption, the issue of pervasiveness of appropriate individual and collective
behaviours is now emerging. This perspective enhance the role of energy end-users, which are
asked to fit their needs to the conscious usage of resources, also by mean of tools and devices
controlling more and more sophisticated functions.

The consideration of human and behavioural variables in requirements design affects
effectiveness and efficiency of systems, even relating to energy retention. In fact, especially
for what concerns building and construction field, it has been demonstrated that comfort
and eco-compatibility goals are more coherent rather than competitive.
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In this framework it can be particularly helpful the availability of methodological and
operational tools, able to analyze human activities, observe and understand needs and
expectancies coming form users in order to produce interfaces compatible with them. It is
matter of understanding and assessing ways of human-system interaction, as well as
designing devices and procedures able to improve their efficiency assuring all stakeholders
satisfaction in a balanced relation with environment.

5.2 Maintenance activities and energy efficiency in buildings

Main scope of maintenance is the continuity in keeping of building estate capacity to

perform required functions, so that its utilization by users is complete and uninterrupted.

Explicit goals of maintenance are of productive type, focused on the maintenance object and

aimed to keep systems in efficiency; on the opposite, implicit maintenance goals come form

a mainly constructive perspective, in a process view of maintenance, mostly focused on

interactions among various actors, instruments, agencies and organizations. In the domain

of sustainable energy management, building maintenance can represent the strategic tool

and also a great opportunity. In fact, maintenance operations scopes imply a combination of

heterogeneous activities to be done in order to limit functional decay, performance

increasing and resources optimization. Up-keeping of constant efficiency levels prevents the

risk of broken-downs or performances declining in technical elements, so that one of

maintenance outcomes can be the energy consumption reduction and, in general, the

environmental resources optimization.

In detail, maintenance actions allow to precede/assure that buildings systems, components

and plants:

e have adequate tightness performances, avoiding problems coming from water
introduction and accumulation;

¢ minimize impacts on environment and inhabitants

e guarantee correct indoor ventilation;

guarantee thermal comfort, allowing the HVAC plants optimal management ;

guarantee lighting comfort, allowing the illumination plants optimal management;

make inhabitants able to personally control environmental conditions, in order to adjust

excess and insufficiencies in HVAC plants performances on the basis of their activities.

Under the energetic point of view, building efficiency produces effects on both energy

retention and environmental impacts reductions, with reference to:

e wastes limitation, in terms of energy keeping, resources exploitation reduction and
management costs decreasing;

e  pollution reduction, with concerns to good repair of plants, reduction of contaminants
sources and, consequently, decreasing of global environmental costs;

e increasing of comfort for inhabitants, thanks to the increased adjusting features, with
personnel costs reduction and increased perceived quality and satisfaction by end
users.

5.3 The role of users

Latest trends in standardization, oriented to Total Productive Management show that
maintenance is meant as the whole of actions aimed not only to broken-downs repair, rather
then to prevention, continuous improvement and handover of simplest maintenance actions
to building tenants and occupants. Compliantly to quality assurance principles, a key aspect
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is the mounting involvement in the maintenance process of operational figures which were
before extraneous to. In this view, it is foreseeable that building user can act without
intermediaries, doing autonomously simplest maintenance tasks.

Users consciousness and participation introduce in maintenance strategies a practice able to
overcome the strict task assignment of functional competences, focusing on the fact that
only a small number of maintenance activities actually requires advanced skills, while many
of them can be successfully carried out with any particular competence or instrument.
System state monitoring allows to grasp any indication, as far as feeble, about their decay
conditions and gives the possibility to adjust their working to assure comfort and well-being
in a wide range of use conditions, so that final users and/or tenants play a key role for many
maintenance operations. They act in advance and opportunely, with clear positive effects on
resources optimization, waste and financial costs reduction. For instance, for what concerns
thermal comfort, the possibility to adjust indoor temperature at any time or to program
time-frame of heating reduction or switching-off brings to a twofold result: wellbeing
improvement and fuel consumption reduction. Similar benefits come from the possibility to
regulate autonomously the quantity of incoming solar radiation with mobile shielding
devices, or, also, the air flows tuning thanks to movable grids and mouthpieces in windows.
But, if users involvement becomes more and more relevant, adequacy of operational
contexts is a crucial matter, for both aspects technical and organizational, in order to assure
the effectiveness of not-specialized operations.

5.4 The relevance of maintainability

Given the complexity of maintenance system due to its human, technical and organizational
variables, building energetic efficiency depends on how systems are prearranged -that is
designed- to be maintained. Maintainability is the primary parameter by which it is possible
to assure efficiency of maintenance system. It can be defined as the success probability of a
specific maintenance action on a given element in a specific timeframe by a determined
skill/ professional profile, with specific tools and procedures.

Then, maintainability comes from the combination of technical specifications of maintained
systems with all other factors in the maintenance context, from human ones to procedural,
infrastructural, financial ones. This pragmatic approach is aimed to shape architectural and
plants design in order to guarantee high efficiency levels of building life-cycle, through the
definition of technical specifications centered on issues such the possibility to reach elements
to be maintained, the management of transport and use of spare parts and tools where they
have to be used, the possibility to easily and accurately execute maintenance actions, in an
“supportive” operational context. For these reasons, heterogeneous aspects such as: physical
accessibility, components visibility, problems detection, sub-systems isolation, logic and
physical simplicity of parts to be disassembled and re-assembled, availability and
exchangeability of spare parts, availability of tools and instruments and their adequacy to
the maintenance tasks, comprehensibility of operational directions, technical sheets and
information, postural comfort in task execution, immediacy in errors detection and their
remedies, the use of human resources in the mid-range of their abilities have to be analyzed
in an integrated way. Therefore, maintainability design has to be oriented to qualify and
quantify all factors of the maintenance system, by way of an approach like the ergonomic
one, allowing to highlight the various interactions involving human in organized contexts.
Ergonomics, or human factors, is the discipline concerning human-system interactions
applying theories, principles, data and methods for design and assessment of tasks,
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activities, environments and devices, in order to make them compliant with needs, abilities
and limitations of peoples. The scope is the optimization at the same time, human wellbeing,
also meant as safety and satisfaction for done activities, and the whole system efficiency,
achieving established goals caring of resources and costs.

In the case of building and urban maintenance, human-system-environment interaction is
more complex. In fact, the scope of maintenance actions is to accomplish tasks for problem
fixing or functional up-grading, doing controls, substitutions and adjustment operations.
Tools and devices are then instrumental entities, and can be considered as intermediary
elements between human and maintained systems. This mediation has a significant role in
maintenance, since effectiveness of maintenance actions on buildings or their component
comes, mostly, from effectiveness of tool usage doing those actions. In this view, many-
sided interactions among peoples, maintained objects and tools, set-up: people-object direct
interactions (users-building) or tool-mediated interactions (operators-tools-components),
people-tool interactions, tools-component interactions, which all should be adequately
investigated in order to understand how to arrange conditions for an operating
maintenance.

Finally, human-human interaction hasn’'t to be neglected, being it concerned with
interpersonal relationships and communication process establishing among the several
maintenance figures as well as users-technicians, often triggering accidental interactions,
with consequent potential conflicts and annoyance situations.

Maintainability conditions

Maintainability conditions are the whole of context features allowing to perform
maintenance activities effectively and efficiently. They concern the way in which actions are
carried out, the specificity of places in which those activities are performed, appliances
features used to maintain systems and skills and motivations of various people involved in
maintenance tasks.

In order to guarantee effective maintenance activities, operators and final users must clearly
detect the different elements of maintenance context, access and reach them with any effort,
easily understand functioning modalities of work tools and easily follow the maintenance
procedures in a safe and comfortable way supporting, with documentary evidence, actions
they have to do and actions they have done.

Moving from the premised that maintainability conditions may be seen as the whole of
necessary situations to assure adequate quality levels of maintenance activities, we can
detail them referring to each element of the context :

e systems to be maintained;

¢ instruments and tools supporting maintenance;

e  operational space where maintenance activities are executed;

¢ maintenance tasks to be carried out.

Each element has to be featured by a set of requirements complying maintenance needs. A
group of qualitative end quantitative criteria can detail each requirement, in order to
identify specifications to design and control building maintenance conditions.

Detectability

It is a condition of the building/technical element/system component allowing and
favoring its identification to gain maintenance goals. It can be specified in terms of capacity
to easy localize each element within a system (Localization), to execute actions for
troubleshooting nd/or for controlling and inspections (Testability and Checkability).
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Accessibility

It is a condition of the building/technical element/system component allowing and
favouring to operators arrive and access to execute maintenance activities. It can be specified
in terms of capacity to point out to human senses (Visibility), and to offer reachable and
dimensionally adequate access points (Reachability).

Comprehensible

It is a condition of the building/technical element/system component allowing and
favouring to simply understand their operational using tasks. It can be specified in terms of
capacity to quick recognize systems functioning modalities (Self-explainability) also giving,
where needed all information about their use (Contextual information). We can refer this
condition also to maintenance actions, in order to effectively transmit task guidance to users
and operators according to their skills, experience and attitude (Clearness and effective of
communication).

Operability

It is a condition of the building/technical element/system component allowing and
favouring the comfortable execution of maintenance activities. It can be specified in terms of
capacity to realize adequate postural conditions for operators acting on maintenance
systems (Postural adequacy); to present function independence and standard units
(Modularity and Standardization) easy to be replaced (Replaceable) and exchanged with a
slightly different part (Interchangeable); to permit that maintenance actions can be easily
exerted by hands, avoiding any accidental switch-on (Resistance to accidental activation); to
be easily cleaned (Cleanable); repaired (Repairability), disassembled and removed
(Subassembly end removal); error tolerant; easy to adjust (Adjustable). The condition of easy
to operation can be helpfully referred also to maintenance tasks in terms of operators
physical and mental effort control and activities practical execution easiness.

Documentability

It is a condition of the building/technical element/system component allowing and
favouring maintenance data collection and updating. It can be specified in terms of capacity
to easy identify input and output technical data about maintenance task (Information
finding) and easily detect and update actors and steps of maintenance processes
(Information traceability).

Users interfaces usability

User interfaces for systems and installation controlling are crucial elements for building
energetic efficiency, because they are devices by which depend quality actually perceived by
users, in terms of effectiveness of functions and environmental comfort. We can define
interfaces as the places where human and system communications are exchanged. It is made
of system parts presenting information to user about its functions and internal state, and
receiving information from user about how to change system state. The user activates
system functions operating on it by senses and motions to achieve his goals. User and
system then can be seen as subjects of a dialog realized by inputs that user send to activate
some functions and consequent outputs that system gives back by answers confirming or
denying users requests.

A supportive maintenance context is crucial to guarantee buildings energetic efficiency, in
order to assure resources optimization and inhabitants wellbeing and satisfaction.
Consideration of human factors perspectives in requirements design, able to plan and
execute maintenance activities together with physical interface realization, can contribute to
improve energetic performances in the whole. In fact a better usability of devices and tools
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increases systems efficacy but also brings to increase autonomous and conscious usage by
final users. This issue is widely considered as strategic to encourage environment friendly,
an then sustainable, behaviours.

6. The importance of energy monitoring system in the sustainable energy
management

To remain in a healthy and competitive market, companies are using the identification of the
production process to help and guide the procedures for using these facilities to achieve
economic gains in the most efficient way possible. In this case, and with this type of control
on electric power systems, both business users and the companies producing electricity can
draw considerable benefits and advantages. So far the systems are being used and that most
companies are implementing are designed for internal monitoring of the establishment, for
the award of costs, management of the loads and the collection of information that can be
used to highlight and identify the equipment problems of operation. Furthermore, these
systems are useful for significantly reducing the capital invested to increase the power
undisciplined and expansion of power conversion. A general control over the management
to ensure a single company under the cost-efficiency, is capable of streamlining the systems
and operations maintenance, trying to act, according to the timetables, resource stock, the
availability of personnel, etc.. to operate on non-viable subsystems and not in production.
The rationality of the system is that it should use renewable energy sources such as primary
energy sources and those from fossil fuels as energy sources subsidiary to keep available
during peak hours. Such a system will be feasible when the energy produced from
renewable sources has become a major against the world production of macro or continental
areas. There is the need for a global monitoring system because as the energy from
renewable sources although inexhaustible, independent, at least in general from sites where
they are produced, and environmentally friendly, at least at first sight, by their nature and
defect, are not always consistently available and therefore are extremely unpredictable, as is
the unpredictable amount of energy produced. As mentioned earlier, you should create a
network of general supervision and control that can handle data from the central production
of energy from renewable sources, power production from non-renewable sources, and
finally to make an assessment of consumption by end-users in order to establish a balance
between the needs of production and consumption. The development strategy consists of a
network of programmable logic controllers (PLC) that manage the local control of each
plant. These local controllers are linked together through an appropriate system interface
and communication, through a master / slave network that makes it available and
accessible operational monitoring of each installation. A supervisor of a network so it would
be a structured system Supervisory Control And Data Acquisition (SCADA), decentralized
management to enable a user friendly in the world. The focus on the rational use of energy
has been great interest so prevalent after the oil crisis of 1970, in fact from that year
onwards, was tried to minimize wastage and improve the efficient equipment of any kind.
Logically consumption are by no means diminished, quite the contrary, there was a request
for several reasons, such as consumer lifestyles, achieving a better family welfare, the
increase of the transport sector. Based on these criteria of growth in general an initial
savings, with consequent pollution of the electricity network for the introduction of
harmonics, it has had with the use of inverter technology that enabled a reduction in
demands for electricity for all types of users, from the Sunday and therefore low power to
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large industrial powers. The purpose of the described approach, however, is not
substantially save energy as such, but a rational use of energy and an intelligent distribution
of requirements among the various sources of production.

7. Conclusion

Today, energy issues as such often origin in the strive for sustainability and a strong version
of the ISO 14001 Environmental Management System (EMS) triggers companies to
appropriately find, measure and manage their environmental obligations and risks. The
integrated EMS has been argued to achieve both environmental and financial benefits, but
environmental impact can also be decreased in terms of effective and efficient modes of
operations. Policy-makers are under pressure to formulate and adopt energy policies aimed
at different sectors of the economy due to the use of fossil fuels and its result in global
warming. The manufacturing industry accounts for a yearly consumption of about 75 % of
the global use of coal, 44 % of the global use of natural gas, and 20 % of the global use of oil,
and in addition around 42 % of all the electricity.

In many Countries, the energy intensive industry accounts for some 70 % of the aggregated
industrial energy use. Energy efficiency in the industry sector hence plays a central role in
terms of environmental impact.

Some researchers early identified the possibility to reduce emissions trough regional energy
supply cooperation. Later on, regional cooperation between different companies regarding
energy issues has been shown to be both financially and

environmentally beneficial with extensive potential in reducing CO2 emissions.

In summary, one can conclude that effective energy management has notable
environmental impact, but energy issues are seldom a top priority, even in energy intensive
organizations.

After an overview regarding the general approach to the problem of sustainable energy, in
the chapter have been analyzed some different aspect of the same theme of energy
optimization.

An innovative methodology for the productive processes qualification based on quality
characteristics improvement and on their simultaneous evaluation cost, is proposed.

The proposed approach is applicable to every type of productive processes after giving
them a p-diagram structure as described. Its innovative idea to optimize quality
characteristics through an objective function and contemporary minimize the related cost
function, related to the energy consume, allows compliance industrial farm strategy
improvements.

Energy optimization is also a problem with an high impact on service. The starting
assumption is based on the belief that delivering a service through a control quality system
is a condition that ensures an energy optimization in the work processes of the company. In
the chapter this aspect is discussed and a real case regarding a water supply company is
reported.

The control of the provided service quality requires, from a side to verify the customer
satisfaction and from the other one a valid control panel monitoring the process indexes.
The proposed methodology represents an integrated system of measure, where the data of
efficaciousness and efficiency influence each other themselves producing the improvement
corrective actions according to the Standard UNI EN ISO 9001:2000. Moreover it represents
a valid solution in cases where the complexity of the measurement process or data entity is
considerable.



82 Energy Management Systems

To consider the energy optimization process as key factor for firms it's necessary to consider
also the rule and the relevance of maintenance activities and the importance of human
factor.

A supportive maintenance context is crucial to guarantee buildings energetic efficiency, in
order to assure resources optimization and inhabitants wellbeing and satisfaction.
Consideration of human factors perspectives in requirements design, able to plan and
execute maintenance activities together with physical interface realization, can contribute to
improve energetic performances in the whole. In fact a better usability of devices and tools
increases systems efficacy but also brings to increase autonomous and conscious usage by
final users. This issue is widely considered as strategic to encourage environment friendly,
and then sustainable, behaviours.

8. Appendix: some brief discussion on standards

The future ISO 50001 standard for energy management was recently approved as a Draft

International Standard (DIS).

ISO 50001 will establish a framework for industrial plants, commercial facilities or entire

organizations to manage energy. Targeting broad applicability across national economic

sectors, it is estimated that the standard could influence up to 60% of the world’s energy use.

The document is based on the common elements found in all of ISO’s management system

standards, assuring a high level of compatibility with ISO 9001 (quality management) and

ISO 14001 (environmental management). ISO 50001 will provide the following benefits:

- A framework for integrating energy efficiency into management practices;

- Making better use of existing energy-consuming assets;

- Benchmarking, measuring, documenting, and reporting energy intensity improvements
and their projected impact on reductions in greenhouse gas (GHG) emissions;

- Transparency and communication on the management of energy resources;

- Energy management best practices and good energy management behaviours;

- Evaluating and prioritizing the implementation of new energy-efficient technologies;

- A framework for promoting energy efficiency throughout the supply chain;

- Energy management improvements in the context of GHG emission reduction projects.

ISO 50001 is being developed by ISO project committee ISO/PC 242, Energy management.

The secretariat of ISO/PC 242 is provided by the partnership of the ISO members for the

USA (ANSI) and Brazil (ABNT). Forty-two ISO member countries are participating in its

development, with another 10 as observers.

Now that ISO 50001 has advanced to the DIS stage, national member bodies of ISO have

been invited to vote and comment on the text of the standard during the five-month

balloting period.

If the outcome of the DIS voting is positive, the modified document will then be circulated

to the ISO members as a Final Draft International Standard (FDIS). If that vote is positive,

ISO 50001 is expected to be published as an International Standard by june 2011.
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1. Introduction

Modern industrial facilities operate complex and inter-related power systems. They
frequently combine internal utilities production with external suppliers, including direct
fired boilers, electric power generation with turbo alternators or gas turbines, heat recovery
steam generators, have different drivers (i.e., turbines or motors) for pumps or compressors
and several types of fuels available to be used. Tighter and increasingly restrictive
regulations related to emissions are also imposing constraints and adding complexity to
their management. Deregulated electric and fuels markets with varying prices (seasonally or
daily), contracted and emissions quotas add even more complexity. Production Department
usually has the responsibility for the operation of the facility power system but, although
Operators are instructed to minimize energy usage and usually tend to do it, a conflict often
is faced as the main goal of Production is to maintain the factory output at the scheduled
target. The power and utilities system is seen as a subsidiary provider of the utilities needed
to accomplish with the production target, whichever it takes to generate it.

Big and complex industrial facilities like Refineries and Petrochemicals are becoming
increasingly aware that power systems need to be optimally managed because any energy
reduction that Operations accomplish in the producing Units could eventually be wasted if
the overall power system cost is not properly managed. However, process engineers always
attempted to develop some kind of tools, many times spreadsheet based, to improve the
way utilities systems were operated. The main drawback of the earlier attempts was the lack
of data: engineers spent the whole day at phone or visiting the control rooms to gather
information from the Distributed Control System (DCS) data historian, process it at the
spreadsheet and produce recommendations that, when ready to be applied, were outdated
and not any more applicable.

The evolution from plant information scattered through many islands of automation to
unified and centralized Plant Information Systems was a clear breakthrough for the
process engineering work. The long term, facility wide Plant Information System based
historians constitute what is known as an enabling technology, because they became the
cornerstone from where to build many other applications. Besides others, advanced
process control, optimal production programming, scheduling and real time optimization
technologies were built over them and flourished after data was stored for long terms and
became easily retrievable.
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Process engineers, still working on their original spreadsheets, attempted to improve the
early days calculations by linking them to real time data and performing some sort of
optimization. They used the internal optimizers or solvers provided with the spreadsheet
software. One of the authors went though the same path when he was a young process
engineer at a Petrochemical Complex. After many years of exposure to dozens of
manufacturing sites worldwide, he found that almost all Process Engineering Departments
had in use an internal spreadsheet over which several process engineers worked when on
duty at the power house or utilities unit. The spreadsheets usually evolved wildly during
many years and became extremely complex as hundreds of tags were added and, very often,
they remained completely undocumented.

That kind of “internal tools” are in general fragile: it is very easy to severely harm one of
such spreadsheets by simply adding or moving a line or column, up to the extent to become
completely unusable. Plant Information Systems provided, from the very beginning, a way
to link real time or historical data very easily into a spreadsheet but, as raw data is
contaminated with unexpected problems, sometimes hard to identify and filter from errors,
the use of such a tools for real time optimization was seldom a real success. We commonly
found they were used for a while, usually requiring a lot of effort from the process engineer
who developed it but, as soon as the creator was promoted or moved to other position, their
use steeply declined and became an unused, legacy application. It was becoming more and
more clear that a certain kind of intelligence should be added to those energy management
tools in order to produce good results in a consistent way, dealing with real time
information potential errors and maintained green and usable for long periods, with
minimal engineering effort.

The authors found that, for the Process Industry, the definition of an intelligent system is
generic and not very well defined. The industry usually call “intelligent” to any piece of
software that helps to automate the decision making process, efficiently control a complex
process, is able to predict properties of products or process variables, alerting or
preventing hazardous situations or, in last instance, optimize process or business
economics. For the practical engineers, the definition of an intelligent system is factual,
not methodological. But always there is a computer behind, accessing data and running a
piece of software. The above mentioned systems comply, up to certain extent, with one of
the classical definitions of intelligence (Wiener, 1948): the intelligent behavior is a
consequence of certain feedback mechanisms, based on the acquisition and processing of
to accomplish with a certain objective. A coherent engineering environment providing all
the needed tools into a single shell, starting with real time data acquisition and
information validation, flexible and versatile modeling and simulation environment,
robust mixed integer non linear optimization techniques, appropriate reporting tools,
results historization and easily interpretation of the site wide optimization solution and
constraints was a real need. Once available, energy systems became optimized and
operated under an optimal perspective.

During the past 20 years, Visual MESA optimization software evolved from the earlier
text based, offline application of the 1980’s to an online, real time, graphical user
interfaced, highly sophisticated intelligent system considered today as the industry
standard Energy Management System (EMS) real time online optimizer (Nelson et
al., 2000). Software development time line is presented in Fig.l, showing the main
landmarks of the past years. It has been widely implemented in the processing industry
and it is applied routinely to reduce the cost of operating the energy systems at power,
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chemical, petrochemical, and refinery plants worldwide. Several projects where the
authors participated are cited in the References list below. A few of them will be also
commented.

2010+
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SQPand MI | Visual MESA ERTOand Systemsand | pased GUI
Optimizer Cogeneration Emissions

1981-1989
MESA

Simulator

Fig. 1. Visual MESA Energy Management Software Development Time Line

2. Energy management system description

A detailed model of the energy system (fuels, steam, electricity, boiler feed water and
condensates network) is built within the EMS environment and it is continuously fed with
validated, real time data. It includes all the actual constraints of the site and decision
variables for their operation. Optimization is configured to minimize the total energy cost.
Continuous performance monitoring is also done, since the model writes back its results
to the Real Time Data Base (Plant Information System). It also provides reliable data that
helps to audit the energy productions and usages within the site energy system, and in
that way wastes can be detected and eliminated. The model is also often used in
standalone mode to perform case studies for economical evaluations of potential
investments and for planning the operation of the energy system. Greenhouse emissions
are also taken into account.

2.1 Manual, open loop versus closed loop operation

Although the Operators still need to close the loop manually and projects have proven to
save substantial amounts of money, with very fast pay-back, even more economic benefits
can be obtained if some of the manual optimization handles are automated under a closed
loop scheme (Uztiirk et al., 2006). Closed loop applications are expected to be increasingly
popular during the next few years, to become in future the Closed Loop Energy Real Time
Optimizers (CLERTO) a new standard.

There are several and important additional advantages of using EMS’s for online, real
time, closed loop optimization because it increases the benefits already obtained in open
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loop, especially when fuels and power prices are market driven and highly variable.
Several implementations of this kind have already been done (Wellons et al., 1994; Uztiirk
et al., 2006).

It is important to emphasize the fact that a successful online optimization application is
much more than just providing ‘a model and an optimizer’. It also requires the project team
provides real time online application implementation experience and particular software
capabilities that, over the life of the project, prove to be crucial in deploying the online
application properly. These software features automate its execution to close the loop,
provide the necessary simple and robust operating interface and allow the user to maintain
the model and application in the long term (i.e., evergreen model and sustainability of the
installation).

2.2 Online capabilities
The online capabilities are a relevant portion of the software structure and key to a
successful closed loop implementation. A proper software tool should provide standard
features right out of the box. Therefore, it should not require any special task or project
activity to enable the software to easily interact and cope with real time online data. The
EMS based models are created from scratch acquiring and relying on real time online
data. A standard OPC based (OLE for process control) protocol interface has been
provided to perform a smooth and easy communication with the appropriate data
sources, such as a distributed control system (DCS), a plant information system, a
historian or a real time database. Sensor data is linked to the model simulation and
optimization blocks by simply dragging and dropping the corresponding icons from the
builder’s palette and easily configuring the sensor object to protect the model from
measurement errors and bad values through the extensive set of validation features
provided. Fig. 2 shows an example of the configuration options in case of sensor data
validation failure.

Properly designed software need to provide all the main features to implement online and

closed loop optimization including:

e Sensor data easily tied to the model (drag and drop).

e Data validation, including advanced features such as disabling optimizers or
constraints depending on the status of given critical variables.

e Steady state detection capabilities, based on a procedure using key variables’ fast
Fourier transform (FFT) based technique to identify main process variables
steadiness.

¢  Online model tuning and adaptation, including the estimation of the current imbalances
and maintaining them constant during the optimization stage.

e Control system interfaces for closed loop, online optimization, sending the decision
variables set points back to the DCS via OPC.

e Closed loop model and control system reliability and feasibility checks (i.e.,
communications watchdog capabilities), to ensure the proper communication between
the optimizer and DCS, via OPC.

Fig. 3 shows typical installation architecture for closed loop real time optimization,

including the proper network security layers and devices, for example firewalls and

demilitarized zones (DMZ) domains.
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2.3 Optimization variables and constraints configuration for closed loop optimization

Building a model that realistically represents the utilities and energy system topology,

includes all the optimization variables and constraints and, at the same time, includes all the

system economic details, especially the fuels and electricity contractual complexity.

Such a complex optimization problem can be represented and solved in a straightforward

manner when using a proper software tool, even when the model is to be executed as a

closed loop, real time application.

During the model and optimization building, the following set of variables must be

identified and properly configured:

Optimization variables are those where some freedom exists regarding what value might be.

For example, the steam production rate at which a particular boiler operates is a free choice

as long as the total steam production is satisfied, thus the most efficient boiler’s production

can be maximized.

There are two main kinds of optimization variables that must be handled by an online

energy management system optimizer:

¢ Continuous variables, such as steam production from a fired boiler, gas turbine
supplemental firing and/or steam flow through a steam-driven turbo generator. Those
variables can be automatically manipulated by the optimizer writing back over the
proper DCS set points.

e Discrete variables, where the optimizer has to decide if a particular piece of
equipment will operate or not. The most common occurrence of this kind of
optimization is in refinery steam systems were spared pump optimization is
available, one of the drivers being a steam turbine and the other an electric motor.
Those variables cannot be automatically manipulated. They need the operator’s
manual action to be implemented.

Constrained variables are those variables that cannot be freely chosen by the optimiser but

must be limited for practical operation.

There are two kinds of constraints to be handled:

e Direct equipment constraints. An example of a direct equipment constraint is a gas
turbine generator power output. In a gas turbine generator, the fuel gas can be
optimized within specified flow limits or equipment control devices constraints (for
example, inlet guide vanes maximum opening angle). Also, the maximum power
production will be constrained by the ambient temperature. Another example of a
direct equipment constraint is a turbo generator power output. In a turbo generator you
may optimize the steam flows through the generator within specified flow limits but
there will also be a maximum power production limit.

e  Abstract constraints. An abstract constraint is one where the variable is not directly
measured in the system or a constraint that is not a function of a single piece of
equipment. An example of this type of constraints is the scheduled electric power
exported to the grid at a given time of the day. Economic penalties can be applied
if an excess or a defect. Another example of this type of constraint is steam cushion
(or excess steam production capacity). Steam cushion is a measure of the excess
capacity in the system. If this kind of constraint were not utilized then an optimizer
would recommend that the absolute minimum number of steam producers be
operated. This is unsafe because the failure of one of the units could shutdown the
entire facility.
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3. Project activities

An Energy Management System (EMS) Implementation project is executed in 9 to 12
months. The main steps are presented in Fig. 4. and discussed below.

3.1 Required information

After the Purchase Order is issued, a document would be submitted to the Site with all the
informational requirements for the EMS project sent it to the project owner. By project
owner we understand a Site engineer who, acting as a single interface, will provide the
needed information and coordinate all the project steps. The EMS server machine would
need to be configured with the required software, including the OPC connectivity server
and made available prior to the Kick-Off Meeting.
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Fig. 4. Typical Energy Management System Implementation Project Schedule

3.2 Kick-off meeting

Prior to the Kick-Off Meeting, the provided information will be reviewed to have a better
understanding of the Site facilities and process. Additional questions or clarifications would
be sent to the Site regarding particular issues, as required. During the week of the on-site
Kick-Off Meeting, all information would be reviewed with the Site staff, and additional
information required for building the model would be requested, as needed. At that time,
the optimization strategy would also be discussed. During the same trip, an introduction to
the EMS will be given to the project owner in order for him to have a better understanding
of the scope, information requirements and EMS modelling. The EMS software would be
installed at this time.
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3.3 EMS software installation

The software is then configured and licensed on the EMS server PC. It would also
be connected to the OPC server. Remote access to the model would also need to be
made available at this time and would need to be available throughout the rest of the
project.

3.4 Functional design specification

With the information provided during the Kick-Off meeting, a Functional Design
Specification document would be prepared, revised by both parties in concert, and then
approved by the Site. In this document, a clearly defined scope of the model and
optimization is provided and will be the basis for the rest of the project work.

3.5 Visual mesa model building and optimization configuration

During this stage, the model and the report are built working remotely on the EMS server.
The model grows with access to online real time data. Every time a new piece of equipment
or tag is added, it can instantly begin to gather information from the Plant Information
System via the OPC interface. Periodic questions and answers regarding the equipment,
optimization variables, and constraints may be asked to the Site. The second trip to the
facility would occur during this stage and would be used for mid-term review of the model
and optimization. Also, an EMS training course for engineers is given at that time.
Continuing forward, the model is continually reviewed by both parties and any
improvements are made, as required. After reviewing the model and confirming that it
meets the requirements of the Functional Design Specification, the Site would give its
approval of the model.

Upon model approval, a month-long testing period would commence, the results of which
would form the model “burn-in”. During the “burn-in” period, the EMS would run
routinely, but optimization recommendations would still not be implemented by the
operations staff. A base line could be obtained based on the cost reduction predicted by the
optimizer during this period, in order to compare with the full implementation of the
suggestions at the end of the project. The project owner would review the optimization
recommendations with the project developing staff. Minor modifications would be made to
the model, as needed.

3.6 Optimization startup

Site engineers would then train the operations staff to use Visual MESA and to implement
the recommendations. The trainers could use the provided training material as a basis
for their training if they preferred. Continuing in this period, operations staff would
begin implementation of the optimization recommendations. Project developing
staff would return to the Site facility a third time to review implementation of the
optimization recommendations and make any final adjustments to the model, as required.
Throughout this stage, the model would be improved and adjusted according to
feedback from Site staff. Lastly, engineering documentation specific to the Site
implementation would be provided and a benefits report would be submitted, comparing
the predicted savings before and after the optimum movements are applied on the
utilities system.
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4. Key Performance Indicators (KPls)

Besides the real time online optimization, during the EMS project appropriate energy

performance metrics can also be identified and performance targets could be set. Also,

within the EMS model calculation and reporting infrastructure, corrective actions in the
event of deviations from target performance could be recommended.

Those metrics are usually known as Key Performance Indicators (KPI's) and can be related

to:

e High level KPI's that monitor site performance and geared toward use by site and
corporate management. For example: Total cost or the utilities system, predicted
benefits, main steam headers imbalances, emissions, etc.

e  Unit level KPI's that monitor individual unit performance and are geared toward use
by unit management and technical specialists. For example: plant or area costs, boilers
and heaters efficiencies, etc.

¢  Energy Influencing Variables (EIV’s) that are geared towards use by operators. For
example: Equipment specific operation parameters, like reflux rate, transfer line
temperatures, cooling water temperature, etc.

The metrics are intended for use in a Site Monitoring and Targeting program where actual

performance is tracked against targets in a timely manner, with deviations being prompting

a corrective response that results in savings. They are calculated in the EMS and written

back to the Plant Information System.

5. Project examples

The first two examples correspond to open loop implementations. The third one
corresponds to a closed loop implementation. Finally, the last two examples correspond to
very recent implementations.

5.1 Example one

In a French refinery a set of manual operating recommendations given by the optimizer

during an operational Shift have been (Ruiz et al., 2007):

e  Perform a few turbine/motors pump swaps.

e  Change the fuels to the boilers (i.e., Fuel Gas and Fuel Oil).

As a result of the manual actions, the control system reacted and finally the following

process variables:

e  Steam production at boilers.

e Letdown and vent rates.

Figures 5, 6, 7 and 8 show the impact of the manually-applied optimization actions on steam

production, fuel use and CO, emissions reduction.

Obtained benefits can be summarized as follows:

e Almost 1 tons per hour less Fuel Oil consumed.

e Approx 7 tons per hour less high pressure steam produced.

e Approx 2 tons per hour less CO; emitted.

e Approx 200 kW more electricity imported (which was the lowest cost energy
available).
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Fig. 5. Boiler C (100% Fuel Gas); 2 tons per hour less of steam

450 4500
400 40.00
350 35.00
3.00 30.00

g 250 .00 s

E 200 00 ..3;_

150 15.00

1.00 10.00

050 5.00

0.00 0.00
4118107 13.00 418007 13:28 41807 13:57 418107 14:26 418107 14:55 41807 15:24

I—I—CI‘IJFOCM —4— CHDFOSim —8—CHDFGOpt —¢—CHDFGSim —¢— YACHD Sim —.—VACHJDp(I

Fig. 6. Boiler D (Fuel Oil and Fuel Gas); 2 tons per hour less of steam and Fuel Oil sent to the
minimum
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5.2 Example two

The second example corresponds to the energy system of a Spanish refinery with an olefins
unit (Ruiz et al., 2006). In order to accurately evaluate the economic benefits obtained with
the use of this tool, the following real time test has been done:
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o  First month: Base line, The EMS being executed online, predicting the potential benefits
but no optimisation actions are taken.

e Second month: Operators trained and optimization suggestions are gradually
implemented.

e  Third month: Optimization recommendations are followed on a daily basis.

Fig. 9 shows the results of this test. Over that period, in 2003, 4% of the energy bill of the Site

was reduced, with estimated savings of more than 2 million €/year.

5.3 Example three

The third example corresponds to a Dutch refinery where the EMS online optimization runs
in closed loop, the so-called energy real time optimizer (Uztiirk et al., 2006).

Typical optimisation handles include letdowns, load boilers steam flow, gas turbine
generators/steam turbine generators power, natural gas intake, gas turbine heat recovery,
steam generators duct firing, extraction of dual outlet turbines, deaerator pressure,
motor/turbine switches, etc. Typical constraints are the steam balances at each pressure
level, boiler firing capacities, fuel network constraints, refinery emissions (SO2, NOx, etc.)
and contract constraints (for both fuel and electric power sell/ purchase contracts).

Benefits are reported to come from the load allocation optimisation between boilers,
optimised extraction/condensing ratio of the dual outlet turbines, optimised mix of
discretionary fuel sales/purchase, optimised gas turbine power as a function of fuel and
electricity purchase contract complexities (trade off between fuel contract verses electricity
contract penalties).
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Fig. 9. Energy cost reduction evolution by using an online energy management tool
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5.4 Example four
The fourth example corresponds to a French petrochemical complex, where the energy

management system helps in emissions management too (Caudron, et al, 2010).
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While reducing the energy costs, Figures 10 and 11 show respectively an example of the
corresponding potential reduction in SO2 and NOx emissions (in terms of concentration
with data corresponding to one of the main stacks) found during the same operational shift
period applying the optimization recommendations. In this example, due to fuel
management, a reduction in SO2 (around 20% less in concentration) and in NOx (around
10% less in concentration) in one of the main stacks has been also obtained.

5.5 Example five

This last example corresponds to the implementation of the energy management system in a
Polish refinery (Majchrowicz et al, 2010). Visual MESA historizes important key
performance indicators (KPIs). The most important ones are the economic energy operating
cost, the optimized one and the predicted savings. Figure 12 shows an example of potential
savings reduction due to the application of optimizer recommendations meaning effective
energy costs reduction achieved. Each point in the figure corresponds to an automatic
Visual MESA run. The variability along some days in the predicted savings can have
different reasons, such as the changes in the operating conditions (e.g. weather, changes in
producers and consumers). When a set of recommendations are followed by operators on
day to day basis based on site wide optimization, the predicted savings are closer to zero.
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Fig. 12. Example of energy costs reduction follow-up

6. Conclusion

Online energy system optimization models are being used successfully throughout the
Processing Industry, helping them to identify and capture significant energy cost savings.

Although wide opportunities still exist for a growing number of real time online Energy
Management Systems executed in open loop, an increased number of Closed Loop
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applications are expected in the near future. This evolution will bring additional economic
benefits to the existing user base, especially when fuels and power prices are market-driven
and highly variable. High frequency optimization opportunities that cannot be practically
addressed by manual operating procedures would be captured and materialized. Of critical
importance is having a robust and mature solver that reliably converges in a reasonable
period of time in order to ensure buy-in from Operations for the continuous use of the
system. More focus will be also on key process side operations, when tightly related with
the Energy Network. Besides the Refining and Petrochemical industries, who were the early
adopters of this kind of technology, other industries will take advantage of the real time
energy management. For example, the Alcohol and Pulp & Paper industries, where waste
fuel boilers, electric power cogeneration and evaporators systems could be also optimized
together and District Heating and Cooling companies (i.e., power houses which are
providers of heating and cooling services to cities, towns, campuses, etc.), that produce
steam, chilled water and many times include cogeneration of electricity.
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