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Abstract

“Intelligent Control is a process that drives atelilgent machine to attain its goal
automatically. In other words, intelligent contrsla kind of automatic control that
can drive autonomous intelligent machines to re#todir goals without their
interaction or with least human interaction. Ingght Control systems are systems

that can perform the task of intelligent control”........Zi-Xing-Cai

The project is intended to work on the concept wthscontrol and carry out the
research on further development of the conceptirtilated-assisted control. The
impact on the living style of the people of Glasgoauld be visualized directly

along with its impact on the environment.

Assessing the potential of smart controls by thecseated profile and carrying out
simulation, taking into account the field study ¢gtionnaire] enabled to build up a
set of recommendations for the project. This wilbabe a guide for future research
work. Thus the outcome of this investigation wirainly comprehend influencing

smart controls in the UK.

In order to give a taste to the project, the studs carried out to design such
controller. A list of hardware components togetivéh a logic diagram is discussed

in the later part of the project.

Therefore combining the entire feasibility study, would suggest the future

development and gain a good amount of global attent
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CHAPTER-1

INTRODUCTION

This thesis is aimed at investigating the optionswfart control in the residential

buildings. Smart Control is one of the energy covesgon measures. It will be one
of the feasibility studies, which will help in malg Glasgow, a sustainable city. The
thesis will elucidate the related terms such asrS@antrol, Smart Homes, and its
requirement in the modern world. In order to inigede the effects of smart controls
in energy efficient buildings, a conceptual profilas created simulating a typical
lifestyle for a two bedroom flat in Glasgow and etalled study was carried on the
generated profile. In addition, a simulation wagied out with the help of university

programme. Later adding to the study, a set obmeuendations are put forward
based on the results obtained, along with the degigof the control system.

Combining the technical study, a conclusion is maule the potential of smart

control in the residential buildings.

1.1. Project Background

This project will assist in making Glasgow greenitag/as bid by Glasgow City
Council to become one of Europe’s most environmntigendly cities within these
five to ten years. To attain this objective, theurmal had set up ‘a high level
consortium’ with the University of Strathclyde teagnine every aspect of life in the
city. This approach will enable to change Glasgowiage from polluted, wasteful
and road obsessed in Scotland to a sustainableSatyeral ideas like new city wide
district heating scheme, more energy efficient h@naad light rail transport and a
‘state of the art’ telecommunications network wi#duce the green house gas
emission, contributing in reduction of the greesagemissions. As there are many
opportunities for Glasgow in developing low carbemergy technologies, efficient
homes and above all creation of sustainable contieanand transport, it could

easily attain its objectivé?”



Since feasibility study is one of the steps towarndking a change in the reality, the
proposed study will however focus on potential bé tSmart Controls in the
residential buildings by infusing some ambitioug haohievable goals, contributing
to the council’'s idea of energy efficient homes.wiil help making Glasgow

Sustainable by taking into account the use of et#tyt at homes. This investigation
will make efforts to develop a new thinking of ugienergy efficiently and also

focus on concept of ‘simulated-assisted control’.

Based on the findings of the study, a set of recendations will be prepared along

with the suggestions related to the future worthimfield under investigation.

1.2. Scopeof the Present Work

The present study will cover the electrical enezggsumption by various appliances
(heating, lighting, equipment process etc) and lodk as where control can be
installed to reduce the use of electricity and afsonimizing the wastage and also in
saving electricity bill. It will be a feasibilitytsdy of ‘simulated-assisted control’
[SAC], to be installed in the houses to cut dowmthty electricity bills. This study
will depict the enhancement of SAC at homes. lathier a concept to show, how
simulated-assisted control can help us in savisigmificant amount of electricity by
reducing the electricity bills. To begin with, anoeptual profile of electricity
consumption was created for a typical two-bedrodat ih Glasgow, for typical
winter and summer seasons. The profile was thahisgwo profiles, i.e., without
control and with control. The monthly consumptioasaestimated for both the cases.
Simulation was carried out with the ESP-r, a ursitgr building simulation
programme in order to estimate the energy losseasa of electricity usage without
control. Considering the results, a set of guidgsivas generated for ‘Smart Control

of Residential Buildings’.
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1.3. Objectivesand Methodology of the present study
The objectives of the present study are:

» To evaluate different smart control options avdédbr residential buildings.

» To carry out the case study on present electri@a hnd suggest further steps
to be taken to reduce electrical load and wasthgeergy.

» To develop a demand profile for different electri@ppliances used in home.

» To analyse the profile using smart control with thelp of university
programme ESP-r.

» To prepare a report based on the research andhdimdand develop the

recommendations for subject under investigation.

1.4. Dissertation Outline

The present section of the thesis is aimed to geoa very brief summary of each

chapters of the thesis.

Chapter 1 introduces the issue of energy management andiggsificance in
attaining the sustainable city status. It alsoioedl the major areas t be investigated

in the present study and outlines the objectiveab®present work.

Chapter 2 discusses the concept of building energy managemgstems and
demand side management, and explains the terms asigdmart control, smart
homes, its requirements, in addition to the ovevwié the research carried out in this
field. It attempts to create the main body of tl@search in sufficient details. It also
covers the details of the case studies, whichdact the future work in this field.

Chapter 3investigates the feasibility options of smart cohtin the residential

buildings by creating a case study for the resedtcattempts to demonstrate the
impact of smart controls in the residential buiginby elaborating the methods
adapted. It assists in assessing the potentiahaftscontrols in residential buildings
together with a brief discussion about the envirental implications complementing

to the area under study.
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Chapter 4will explain modelling with the help of the simuila software tool, ESP-
r. Simulation is carried out in order to assessctgability of smart controls installed
in residential buildings. Passive solar and Dayhtligg control simulations are
carried out to analyse their effect on energy demarhich is a supplement to the
impact of the smart controls, facilitating in drawgyiappropriate guidelines for the

residences in Glasgow.

Based on the overall results obtained in Chapteand Chapter 4, a set of

Recommendatiorare produced on smart controls at homes.

Chapter 5deals with the designing of the smart controindiudes the details of the
hardware components required for the smart conimadsidition to a brief discussion
about the type of control loop required to buildasttontrols based on the concept

of simulated-assisted control.

Finally in Chapter 6the conclusionsf the present investigation are discussed along

with the future work, which can be carried out lshse the present work.

The last section of the thesis contains Regerenceand theAppendiceselevant to

the present work.
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CHAPTER-2

LITERATURE REVIEW

This section of the report will explain elaboratelye project background by
elucidating the terms smart control or intelligenntrol systems, then discussing the
demand side management [DSM] its deficiency, respént of smart controls at
homes. This section will also throw some light ba work done in the related fields

with the help of case study, enabling to show #ason behind the study.

To begin with, the concept of Building Energy Maeagnt Systems [BEMS] is
discussed briefly as intelligent control is embetdeithin. Demand Side
Management [DSM] is just a pathway to the main cibjes of the project. Both
DSM and BEMS are explained to understand the backgl of the study and
ultimately ending up with the requirement of thisdy.

2.1. Building Energy Management Systems

Building Energy Management Systems [BEMS] have @sterable impact on the
control of building services. This concept was dieped in recent twenty years but it
came into focus only after introduction of elecimouevices that are capable of
retaining data for the purpose of managing servgwgsh as power, lighting and
heating. “There are many terms used for BEMS, saghbuilding management
systems (BMS), energy management systems (EMS) baniding automation
systems (BAS). All these refer to the same equighREMS. ?

To define, the BEMS is a computer aided progrartallegl in the buildings in order
to control the mechanical and electrical equipmexntsh as ventilation, lighting,
power systems, fire systems and security systeimss BEMS have a great impact

on the control of the building services plant andregy efficiency?
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The ancestor of BEMS was the electromechanicaésystbut the micro electronics

and computing revolution in recent years have cednige outlook of BEMSY

“The distributed intelligence BEMS is particuladyppropriate for UK and Europe
with their predominantly smaller, heated only builgs. Consequently UK has been
in forefront of the development of distributed itience BEMS. ¥

Benefitof BEMS: One of the benefits of BEMS will be comdtanonitoring of the
plant and the ability to recall the monitored dataa later time. This enables the
technicians and the engineers to develop a battdgratanding of the buildings. As a

result, it leads to improvement of plant and enesaying !

In addition to the benefit of BEMS, there are fdvmwbackswith BEMS. As BEMS
is computer aided program, the problems are alsocased with the computer

themselves. They are:

Large user manual, explaining many functions aretamns.

* User manuals are not ‘user-friendly’ as it is naggerly written. This in turn
compels the beginners to rely on manufacturerigitrg course.

« Training courses are expensive, therefore only @t the opportunity to
master BEMS.

* Inexperienced programming of BEMS can spews ouw datl alarms as if it

was suffering from ‘data-diarrhoe#"’!

2.1.1.BEMS Case Study: Building Energy Management Systeats
UCD Belfield*®

BEMS case study is one of the good practice casdiest of the UK, which was
carried out by University of Dublin [UCD]. It emp$iaed on the use of BEMS and
involved in continuous development which eventuediyulted in energy cost savings

by reducing the university electricity bill.

Background:UCD is one of the largest third level instituticinsireland consisting
about 20,000 students. The total building flooraaie 200,000 square metres
excluding students’ halls of residence. It wasnesated the total energy bill is £1.4
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million/year, without BEMS. Before practically imding BEMS in the campus, a
number of feasibility studies, by the post-gradwsdtelents, were carried out looking
into the different aspects of it. The project wasidied by mechanical and electrical
services division of the buildings. A significanimber of buildings in Belfield are
supplied with heat from the central boiler houseciwhn 1986 got converted to

natural gas. Calorifiers, feeding radiators anddamvertors help in supplying heat.

Large area of the rooms were heated and mechanigaitilated, which accounted
to the huge energy consumption. The other applsamdech added to the electrical
load of the building consisted of lighting and gexteservices, motive power,

laboratory and workshop equipment, catering equigraed some water heating.

The campus buildings were fitted with stand aloleetecal and pneumatic controls
like time clocks, thermostats and temperature otlets of different types and ages.
These pneumatic controllers have many dis-advastapyer the direct digital
controllers as listed. It can be seen in appendiktfis report.

BEMS in the BuildingThe BEMS was decided to be installed in a small pathe

huge campus, (Agricultural building) to control tieg. After its success and
improvement in BEMS was decide to be installedhia éntire university campus to
‘control and monitor’ the electricity consumptiori the building through check

meter.

A 10% reduction in the consumption of electricitpswnoticed resulting in decision
of installing BEMS on ‘campus wide basis.” This wetion is very less as we noted
from our study (as discussed in the next chaptdrichvaccounts the monthly

electricity consumption in the range of 25% to 40%.

‘Event based control is probably the most poweBEBMS feature.” This feature is
used in combination of time scheduling and delayets to provide occupancy
control of lecture theatre lighting and ventilatiofhe timers and triggers are all
outdated as latest technology has come into playdigcussed in chapter 5 of the

report)
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At Belfield, the main buildings have been fittedthwelectrical check meters which
provide inputs to the BEMS. After the installatidghe overall performance has been
measured in accordance with part 4 of CIBSE Bugdimergy Code in terms of total

energy consumption per metre square.

There has been a continuous improvement in theg&tom 1GJ square metre to 0.6
GJ square metres which made them fall into thesiieation of good. But due to

increase in student by 40% the rating also inci&s€.7GJ square metre.

An economic analysis showed that there has beeralbwenergy cost saving of
£350,000 per annum. However there are certain hengbng with savings like
improved comfort conditions centralised control dacility of remote diagnosis and
solving of problems reducing the callouts for manance staff. Thus an investment
of £100, 000 per annum in BEMS in UCD, it pays adyamount of dividends in

terms of cost reductions and improved comfort dfidiency.

The case study fits in this present study as becauselps in identifying the
loopholes in the project and suggests various irgrents required in BEMS,
especially smart controls together with use of n@ehnology to design the
controller. These when considered helps in reduttiegamount of electrical energy

consumption thereby reducing the monthly expenditur electricity bills.

2.2. Demand Side M anagement

This is an introduction to Demand Side ManagemBx@&N]] also known as Energy
Demand Management, rather a method to conservg\eimethe demand side. It will

help to build an overall idea as how it is relatgth the present study.

Background The pattern of electrical energy consumptionasthroughout the day
and is mainly occupant based. It is in spotligheé do Kyoto commitments. DSM
brings about the actions influencing the quantitypatterns of energy used by the
consumers and target to reduce the peak demanmijdhe periods, when the energy
systems are constrained. This concept was coirgdafter the energy crisis, during

the year 1973 and 1979. It was an approach to oeamsthe energy use.
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Liberalization of electricity market causes evenumtry to review its own DSM

activities. Artificial DSM framework, commonly knawas Integrated Resource
Planning [IRP], was built up which then played gngicant role in energy sector.
Initially, traditional electricity expansion plaimg models [TES] were used for
utilities planning. For TES, the main objective wasmeet the required electricity
demand at very low cost, ignoring the demand spt®mos. After the energy crisis in
1973, governments introduced or rather imposeddRRRning process. The idea was
to provide with the utilities at minimal societabst to the consumer, considering

both supply and demand, taking into account enwiemtal costd? #!

The aim involved in Energy Demand management idriog both demand and

supply to best possible low value.

‘DSM in its network management programme, the feitay primary questions have
to be answered:

* How often is the customer going to be controlled?

* What appliances is the utility going to control?

* What is the power consumption of these appliaghces

* How will the utility protect the appliances onpping and closing phases of the

control time?*®!

With the help of DSM it is possible to manage tleendnd on the customer side of
the meter. There are many such opportunities dtailthat help us to meet this
criterion. A new set of technologies and progranit offer a great potential to the
demand side management. Thus introducing smartaterwill aim to capture the

most energy-efficient measure.

Now to strengthen the background of the studytéhm ‘smart control’, ‘simulated-
assisted control’ is explained along with few rethterms like smart homes and its
requirement and then molding all of them to givehape to the requirement of the

present study.
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2.3. Smart Control

Smart control is one of the energy conservationsmes and it has been rightly said
“you can manage only what you can measutd.Thus Smart Control is installed to
manage the use of energy in the consumer side.u@mi®on of energy is almost
related with the gross national produtf. It differs from country to country. In the
developed countries it is higher, than the develppmountries. The world energy
consumption is steadily increasing with populatidhus it is required to put into
check. It can be achieved to some extent by imstglismart control’ in the
buildings.

Smart Control emphasizes the use of new techn@dgienake the buildings more
energy efficient. Smart design, use of appropr@estruction materials, compact
fluorescent bulbs and above all use of sensorsil@ggg temperature and lights of
the room) helps to minimize the wastage of enengy also trimming down the

electricity bills.

It is one of the ways to bring sustainability, &schnology is combined with
renewable sources available to overcome wastagaesfjy and the extensive use of
fossil fuels. This report will focus on the Smaohtrol of the residential buildings. It
will depict the amount of energy consumed by ddfeér appliances at home.
Moreover consumption of energy is dominated by teat Thus in Glasgow,

maximum electricity consumption is in the use afnoheaters.

There may be different ways to control the uselettacity, at homes. It may be
from the smart design of the house putting stresthe use of renewable resources
like sunlight, the use of appropriate constructizeterials, installing photo voltaic on
the roof, solar water heaters, using energy efiiclmulbs and also by using smart
appliances. All these add to conservation of enesgybut wastage of electricity can
be monitored by using sensors. Thus for HVAC systahtan adjust temperature in
different zones within the building based on sofg@in and internal building
loads. Smart Controls can help to make regulaiothe parameters like humidity,

airflow, fresh air mix, and indoor air quality nssary to provide occupant comfort.
[32, 33]
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Movement or temperature sensors can assist infilts to a large extent. It will

monitor the movement, like if someone enters a rabm lights will be switched on,
and as someone leaves a room it will get switchiedrothat case the lights will not
remain on throughout the day. It will totally degeon the movement of the
occupant in the room. These controls thus helpegulate the lighting systems.
Smart controls can adjust the artificial (electrighting level based on available
daylight, room occupancy and the functions executeelach building space. They
can ‘interface lighting system occupancy sensoth e building’s security system

to sense the intruders in unoccupied spafes’.

Likewise for the temperature sensors, it will hetp maintaining the ambient
temperature of the room. Whenever it senses tleateimperature had fallen down
from the required set temperature it will startthrepor cooling the room. Moreover
it will also assist in holding the temperature loé room when there is no occupant,
thus avoiding the room to reach the freezing temdpee. This also gives immense

comfort to the occupant during the seasonal changes

Hence it can be said that smart controls are gbyersed for energy management,
HVAC and lighting systems control. It may be congsthhased or may have the
necessary intelligence built into the control devidt is noticed that a significant
portion of its electricity is consumed by the bings and it contributes to
atmospheric emissions. Thus it is important to mine the overall energy

consumption.

There has been no research carried out in thid flals literature review for the
section was difficult. The above discussion willh® build an idea about the smart
controls and give a foundation to the present stude idea of smart control
initiated and gave rise to the concept of simulatesisted control which is put into

plain words in the next segment of this section.
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2.4. Simulated-Assisted Control

Smart Controls is the future-ready solution in HVABeating Ventilation Air
Conditioning] and lighting controls. Previously thestats were used to control the
temperature of the room. Thermostat controls wetesfficient as it leaves the room
either too hot or cold®®.Therefore the new technology combining simulation
programs and controllers have come into play. €biscept allows each room to be
controlled individually for timed operation and tpemature from the wall (zone
controller) or from PC. Smart modules can also Iseduin conjunction with
appropriate sensors. Basic concept with advantalgeg with the work of Clarke et

al is discussed later in this section.

2.4.1. Basic Concept

A wide range of study in the field of modelling bbth practical and highly
conceptualised control system types is made pasbiplthe zone level and system
level controller models. This extends a big scopextending the use of simulation
programs online in BEMS to ‘act in the role of ameiligent control supervisor.’

Thus simulation cannot be restricted by researdhdasign applications.

‘Simulation programs’ and ‘Intelligent Control’ atevo technologies supported by
BEMS multiplexing techniques providing online adjusnt of control system
parameters anticipated by simulation. Simulatios the capability of taking a lead,
making it easier for predictions of future realifyurther this capability can be
utilized by resolving it to the ‘best possible amhtaction in terms of comfort and

energy levelst*®!

Later a simulation time-step controllers are ciduch facilitates simulation of the
trial control actions briskly until its satisfacyoperformance and also reckoned, to
allow the simulation to move to the next controripe. ‘The optimized control
system parameters may then be implemented in thHdBBodern-day practical

controllers are often based oncantroller/system modedtructure. The premise
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implicit with the simulation-assisted control coptes that therds no need for
separate system model generation (e.g. by emplagiengification methods), since
in this case the system model is held in the fofsystem matrix**!

The figure below explains the process briefly.

TIME

PAST PRESENT

DECISION
MAEING Trial control "7 777777 TTTTTTOOG i
frategy | N .
Building and plant history PROCESS STAEY 1 Energy simulation program !
- | predicts future outcomes for !
Possible control strategi : . o
Clontrol system history UES;:S ;;d“gmf djiiozsegms E&{E&ﬁ% | dlternative control strategies.
Inference mechanisms T TTTTTTTToooomTooTes :

Conflict resolvers
Rules base

Cheice of optimum confrel acton
based on best forecast outcome

Fig: 2.1: Energy Simulated-Assisted Control [**

The operation of the building control system andigle can be achieved with the
help of objective, control actions and correct control ¢&gy These three

requirements are explained below:

“(1) A defined objective: control theory concerrseif with the future state of the
system. The objective of any control system in gw&se is connected with the
performance of the system over some period of time.

(2) A choice of possible control actions: if no iaéion of actions is possible, control
IS not possible since the course cannot be modified
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(3) A means of choosing the correct control stratddius a model of the system is
required which is capable of predicting the effettarious control actions on the
system statel*®!

2.4.2.Advantages

The idea ofenergy simulation assisted control decision makB§AC) offers a

means by which the above mentioned requirements bmeamet, at some point in
both the design and operation of BEMS.

“The main advantages of a simulation-assisted ambroto control design or
operation are as follows.

» Any criterion whatever can be used for the decigorcess, e.g. there is no
need to be restricted to, say, quadratic critesanaconventional optimal
control design.

» The difficult and highly specialized problem of ¢aoh synthesis is avoided.

» Control actions can first be appraised in a softwenvironment before being
applied to the real system. This feature offersngedous potential for the

next generation of intelligent buildings and BEME!”

2.4.3.Simulation-assisted control in Building Energy Mamgment
Systems'?

Clarke et al brought in focus the concept of siadaassisted control in BEMS.
Their work explains the role of simulation in bietivironment as there had been less

focus in this field.

All the recent developments in BEMS depend on theaacement of technology in
telecommunications, computer and information tetdgny There had been a good
amount of work done with done in this field likeetikoncept of predictive control,
fuzzy logic control and the use of neural netwolk&th these emerging concepts of
controllers the drawbacks got highlighted. The mtede control used the stochastic

models. Both short term and long term predictiversrwere in acceptable ranges of
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temperature and humidity control. “Prediction esrevere found to be within°C

and 1.5% relative humidity®® With the fuzzy logic controller, it demands for an
excellent experiential knowledge and data aboutcthv@rolled systems’ operating
characteristics. Neural network mechanism is basethe operational principles of

the human brain thus it requires for extensive ttaiaing.

One common feature of the controllers mentioneds that they did not have any
physical model to be controlled. It was a non ptaisiblack-box model.” This
approach was devoid of the external excitations ¢clkmate and occupant interaction
and was also not affected with its cause and effdatse interactions can clearly be
demonstrated in a physically based model wherestbbsments interact. “Building

simulation programs provide with such a mod&.”

Simulation programs play significant role in tweas: Emulators and Evaluators. As
emulators help in duplicating functions, in builtveeonment it replaces a building
and its HVAC systems and then uses simulation progrto advocate their response
towards BEMS commands. Fault Detection DiagnodijFis a technique to detect
and locate or predict faults in energy managemegsiems. This technique is also
developed while simulating models. Evaluators aeduto assess the usefulness of
control strategie$'?!

“The main objective of this research was to ingzde a possible third use for
simulation programs: their encapsulation within tBEMS in order to provide
simulation-assisted controft? The idea behind this study was that, potential of
simulation program and BEMS flexibility are advadceatisfactorily to make
simulation-assisted control to be feasible. Keeisigle the prospective of simulated

assisted control, there are few difficulties codpieth it, like:

* To make and calibrate model of the system mainlgmwtiynamic variations
due to airflow and solar radiation are important.
* It helps in analyzing from complex result sets iim@e actions, providing

few benefits over ‘black box model.’
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Simulated assisted control addresses the ‘cause ediett Scenarios’,
adapting to the impact to the changing building arseperation provided that
the change is incorporated into the model.

A better control is provided through the computatiof interactions and
identifying the factors that result in the parteubuilding performance.

It also provides the comparing capability of th&edent control approaches

(by testing them on the building mod&fy.*¥

“Simulation-assisted control is likely to be of mosse in the following

circumstances.

When significant look-ahead times are involved flsptather than minutes).
For high-level supervisory control, e.g. load shedd where several
alternatives and their implications for environnardonditions (particularly
occupant comfort) may need to be evaluated.

Where interaction is high, e.g. blinds/lighting/tng.

Where the building use varies or changes (e.gelaggiations in occupancy)

and where this variation is known in advancé”.

The project thus tried to investigate the oppottasiinvolved in combining the

simulation with the BEMS operation in order thatpiiovides a prototype of the

controlled decision making.

In this

research, ESP-r was used as a buildinglatroo program. Implementation

of the prototype simulated assisted control reguihe following elements:

()
(ii)

(iii)

“A calibrated model of the building and HVA@ssem.

Sensors to measure all critical boundary itamg (external temperature,
solar radiation, etc.) and internal conditions (penature, humidity, etc.);
the data must be collated in the BEMS (i.e. witktaVIEW).

A mechanism for transferring data te tiimulator.
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(iv) A routine within the BEMS for initiating theimulation(s) against a
predefined control strategy.

v) A simulator to predict internal conditionsdaascertain parameters (start
time, plant output, etc.) to meet some user-deforddrion.

(vi) A controller to make decisions based on madedutputs.

(vi) A mechanism for transferring control data back toe tBEMS
(LabVIEW).

(viii)  Actuators controlled by the BEMS to initiate thentrol action.

(ix) A structure to allow iteration and updatirfgcontrol actions F2

The prototype of simulated assisted control waséat together with LabVIEW and
ESP-r by creating an independent software modetrelwere three programs for
this BEMS,

() ESP-r
(i) LabVIEW
(i) BEMS to ESP-r link

The interface module is controlled by BEMS andasged on to the file containing
LabVIEW monitoring the climate and internal tempara data. This module

performed the following tasks:

I. Simulation synchronisationin LabVIEW there is a file containing time
stamped data based on which the required startseop dates for the
simulation is determined. This data further heilpsalculating the time
step based on the sampling rate of the monitoreal da

ii. Climate predictionIn LabVIEW data file the climate information isad for
24-48h. This can only be used for short-term ptemtic Thus further
work to develop the algorithm for the function égjuired.

lii. Control Strategy PredictianBased on the control action file, specified

control strategy is developed to use for ESP-r &tian.
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iv. Simulation commissioningFor this, based on the start and stop dates,
simulation frequency and specified control strategqy number of
simulations was carried out. The control paramestencreased by fixed
increment for each of the simulations.

v. Result interpretationThe results are interpreted for each simulatiatpat
which is then compared with the control space Wiaeached at the
target time. The simulation is ceased when therobwalue is within the

bounds or the results meet the control critéfla.

Now to describe these sections two experiments waméed out to test the real time

simulation link,

(i) In the laboratory

(i) In the full size test room environment

It is inferred from the preliminary test, that tipeediction’ of the switch on time was
reasonable together with the demonstration of tlaetjgality of the controller and
accuracy of the results and in the test cell expent, it was found that ESP-r

slightly over predicts the response of the tesimoo

A few alterations to the model gave results whigdrewclosed to the measured data.

Thus building and plant control functions openitowdated assisted contrét® 14

2.5. Requirement of Smart Buildings

Smart Buildings are developing into healthy buigginFor instance, companies are
realizing that productivity and morale are increased when thereatural light as
well as incandescent or fluorescent lightinilelby says !

As one expert stated, it is simply a matter conegrwith the best and the newest
technology, as it emerges and whether a buildingnmart’ from the blueprint stages
can be ensured if it has an intelligent buildingige comprising of innovative,

technologically advanced components, systems asduree-efficient materials,
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methodology to minimize waste and lastly that eesua low impact on the
[33]

environment
Thus for the present study, residential buildingsrevtaken into account. The
feasibility study for the commercial buildings ca@ a suggested for future research
work. This report will investigate the feasibilityolutions for deploying smart
controls in residential buildings and thus willaiss the requirement of smart homes

in the built environment.

Smart Homes is going to be the future trend. Thicgption has build up in these
recent years to save our planet from global warmMgreover after the Kyoto
Protocol, the government in the developed countrée® taken initiative to cut down

pollution. Smart Homes is therefore an approadh to

In building environment keeping all the occupargmtortable while also striving to
save energy is a difficult task. A control strategyheating the coolest room to bring
to a comfortable temperature will cause excessnexrgy use. However if the range
of temperature throughout the building can be miséa then it is less likely that

any home will be too far from the desired tempemget point”

Smart Control or home automation is an up-comirendr There are various
techniques applied to the residential buildinge light control, temperature control
of the doors and window shutters etc. Smart homaesbe for everyone, from the
person on rent or already have a home or buildifgmart Homes are generally well

designed, well insulated staying warm and dry @firyround.

Smart Control also implies to smart design whidodielps to control the noise and
glare of the sun. Reducing damp of the home witlrelase moisture damage. This
will decrease the amount of maintenance requirdng both time and mone¥?!
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2.6. Requirement of Present Research Work

This section of this report have enabled in bugdin the concept of simulated-
assisted control at homes. BEMS is a path to gugd® the proper method in order

to consume electricity more efficiently.

Integrating BEMS, DSM and Smart Controls is an @8M will help in drawing the
attention towards the amount of electricity consdrbg the utilities. The scope of
BEMS is required to be increased. BEMS should be &bsimulate and then send a
control signal to the utilities thus enabling tomage the load in the demand side.
The advancement in technologies cannot restrictgtiosvth of BEMS. Therefore
with the new technologies, innovative ideas shdiddappreciated and incorporated
in BEMS. The concept of simulated-assisted conisolnew together with its
introduction in residential buildings. The presstudy will investigate the feasibility
of smart controls in residential buildings by ass&s its potential through

quantitative analysis and simulation.

This study thus focuses in creating the load peptib see the amount of electricity
consumed by the appliances and trying to contsolige by applying the concept of
simulated-assisted control to manage BEMS moreieffily. It is generally noticed

that in a typical house in Glasgow, maximum eletiiis consumed in space

heating and water heating, then in lighting.

Thus ‘intelligent control’ will control the use electricity and will also keep a check
on wastage of energy. Therefore, implementing oisitin houses restricts the
misuse of electricity, thus trying to meet one loé tobjectives of DSM and also

increasing the scope of BEMS.
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CHAPTER-3

IMPACT OF SMART CONTROLS

This section will examine the utility of smart caols in the residential buildings by
introducing the case study developed for the rebealt will elaborate on the
techniques followed to illustrate the impact of simeontrols by assessing its
potential and then conclude by a brief discussiooua environmental implications

of the smart homes by focussing on the amount rocareduction.

IMSTIL ATION

O DRYER

DIsSH
WASHER u

WA SHING
LA CHINE L

MATIOMAL GRIT

Fig 3.1: An electrically heated house

Fig. 3.1 gives an idea behind the case study dpedléor the research. In the above

figure a house is considered which is electricakyated. It also shows the essential
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appliances available in each house in Glasgow.appéiances marked in red can be
controlled by the concept of simulated-assistedrobnwhich is also explained later
in this section. This is a conceptual study cdroet, by developing a hypothetical
situation where deploying smart controls would dmalbo save electricity

consumption and bill.

3.1. Methodology Adapted

In this part, the methods are discussed elaborafdhg methods undertaken are
1. The Questionnaire
2. Creating the profile
3. Assessing the potential of Smart Controls

The discussion is as follows:
3.2. TheQuestionnaire

In order to carry out with the further study, a somption profile was created taking
into consideration the flats in Glasgow. To begithwa questionnaire was prepared
to get an overall idea of the consumption at hotaependix-1). It was distributed
among sixteen families, six residing in the two roedns flat and five each in the
three and four bedrooms flat. It was prepared toegwe the inputs required for

creation of the electricity consumption profile.

The questions were based on the monthly expenditudectricity bills, duration of
the room heaters being switched on, number of larmes at their homes and their

rating.

The results of the questionnaire facilitated thefifg creation and justification and
further consideration of the two bed room flatseTdutcome of it enabled a proper
profile to be created for summer and winter peridtisvas noticed that, winter

expenditure was more than summer, and it was justtd the room heaters. The
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expenditure during the transition period was ddss than winter period as few days

during that period the room heaters were switchred o

The wattage rating of the luminaries were around/&hd among the sixteen people
energy efficient lights were used among six peopleergy efficient bulbs can also

contribute in saving electricity.

Next, we noticed that many people are not awarenwdrt controls. This statement
can be made, as out of the sixteen people, only ddtthem had some idea of
intelligent control systems. The common man isavedire of the fact. This is to give
the holistic approach to the project and could para of future study.

The overall result of the questionnaire facilitatednaking justification to the profile

built for the case study. The main difference ia tWwo or three or four bedroom flats
is the consumption pattern due to the increaséertrecal load. The control strategy
remains the same. With smart control, lighting,timgacan be controlled due to the

maximum consumption of electricity is noticed ilo$le areas at homes.

Moreover the questionnaire carried out gave an tideta profile for a two bedroom
flat would be sufficient to investigate the infleenof the controls at homes. Thus
two bedrooms flat were considered. This facilitatieel creation of the profile for a

two bedroom flat in Glasgow as discussed below.

3.3. Creating theProfile

The main aim of the case study was to show thaallimgy smart controls at homes
can save electricity and money. A daily electrcahsumption profile was built for
a two bedroom flat in Glasgow, taking into accoalhthe electrical appliances used
at homes on daily basis. A spread sheet was prpétk the different entities, its
rating, and number of items per flat. The questirenas well as a field survey
assisted while making up the daily electrical congtion profile for a typical winter,

summer and transition period.
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Utilization of energy was noted down for every fim@nutes, throughout the day.
Binary method (0/1) was followed. If there was aamgtion it was marked 1, and

for no consumption, it was marked O. In the follogimanner, total consumption

profile of a two bedroom flat for electricity fol ghe entities listed.

For example, during the summer period the heawrsined off, therefore while
crafting the profile, 0 was placed, whereas dutimg winter period when ever the

heaters were switched on 1 was placed in it. A simaipof the profile for one hour is

shown below:

1 2 BED ROOM FLAT 0:00:00 0:05:00 0:10:00 0:15:00 0:20:00 0:25:00 (:30:00 (:35:00 0(:40:00 0:45:00 0:50:00 O:55:00 1:.00:00
I ENTITY
MNa. of

3 Lights Rating | items/flat

5|2 Bedroom 1 0.06 2 0 0 0 0 0 0 0 0 0 0 0 0 (1}
& |3 Bedroom 2 0.06 2 0 0 0 0 0 0 0 0 0 0 0 0 (1}
74 Living Room 0.06 3 0 0 0 0 0 1 0 0 0 0 0 0 (1}
25 Kitchen 0.06 3 0 0 0 0 0 0 0 0 0 0 0 0 (i}
9 16 Bathroom 0.06 2 0 0 0 0 0 1 0 0 0 0 0 0 (1}
10 Kettle 212 1 0 0 0 0 0 0 0 0 0 0 0 0 (i}
11 Electric Cooker 4 i 0 0 0 0 0 L1 0 0 0 0 0 0 (i1}
12 Oven 2 1 0 0 0 0 0 0 0 0 0 0 0 0 (1}
5 g ] e |
14 Washing Machine 1 1 0 0 0 0 0 0 0 0 0 0 0 0 (1}
15 Otherz: Toileteries & lren | 1.015 i 0 0 0 0 0 0 0 0 0 0 0 0 (i}
18 Television 02 i 0 0 0 0 0 1 0 0 0 0 0 0 (1}
17 Others Cooking App 16 1 0 0 0 0 0 0 0 0 0 0 0 0 (i}
18 Vaccum Cleaner 15 i 0 0 0 0 0 L1 0 0 0 0 0 0 (i1}
2 Tumbler Drier 15 1 0 0 0 0 0 0 0 0 0 0 0 0 (i}
 Teomtenen o] 15 | 2 [ |
21 Room Heaters [livingroom)| 15 1 0 0 0 0 0 0 0 0 0 0 0 0 (1}
22 RoomHeater[kitchen) | 15 1 0 0 0 0 0 0 0 0

23 *includesather kitchen items used during cooki

ng such as microwave, toaster and rice cocker, mixer

Fig. 3.2: The Daily Electrical Consumption Profile[for one hour]

To build the profile, following assumptions weredea

The house is assumed to be electrically heated.

During the winter season, the room heaters in

» Bed rooms are assumed to be switched on for abotegen hours per

day.

» Living room is assumed to be switched on for alsiuhours per day.

» Kitchen is switched on for five hours per day.
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These assumptions were based taking into consioierahe overall outcome
achieved in the questionnaire. An average is td&emhis study. The rating of the
appliances taken into account is based not onthemuestionnaire but also from the
field study carried out. Hence all the essentidities are listed which adds to total

the electrical load of the house. This also givesaatical approach to the research.

A particular column is made in the spread sheetetoark on the control. This
remark is made whether the particular appliancebeacontrolled (Y/y) or cannot be
controlled (N/n). Remark made on the appliancebdocontrolled made easy to
create scenarios for simulation and also for thei@® assessing the potential of

smart controls.

The next step was to get the total consumptiorhefhouse considering the total
electrical load together with the assumptions. déeio obtain the total consumption,
a sum was done considering all the five minute gomion, throughout the day.
This was found for winter, summer and transitionqus. The total consumption for

a day is calculated for individual entity by théldaving formula:

(SUM (Total consumption for every 5 minutesinterval)/12) * (Wattage rating of

the entity) * (No. of Itemsin theroom)
Here it is divided by 12, the data is noted forrg\ve minutes.

Hence monthly consumption is calculated by multipfydaily consumption with 30.
Cost of electricity is assumed to be 0.10p/kWh. STdaily and monthly expenditure
is evaluated. This led to the formation of the featfo carry out further quantitative
analysis to interpret the impact of controls.

3.4. Assessing the Potential of Smart Controls

This study is carried out with the profile creat&@imate dominates the energy use
mainly in case of the residential buildings since do direct conduction of heat or
from infiltration/ ex filtration through buildingwsfaces a certain amount of heat is
lost or gained which ultimately accounts for a majgortion of the energy
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consumption. Smart Controls have the potential #kena significant amount of
electricity, but the amount is not specific as foun the literature review. There is

no consensus about the value.

The most important end use of the domestic sestepace heating, which accounts
half the energy costs. Appliances (lighting, redregion and other equipment)

accounts for only 22% of the total costs.

The questionnaire was fruitful in giving us the iy expenditure on electricity
consumption. Keeping this in mind the profile waafted. During the winter season,
it is in the range of £240 to £250 monthly. Thighe case when there is no control.
But during the summer season, as the room heaterswatched off, the electricity
bill ranges in between £85 to £100.

The above statement is verified by doing an evadnah the excel sheet. The total
heating load is removed, to get the total eledtra@asumption during summer

period as listed below:
Monthly consumption= 85kWh
Expenditure on electricity Bills= £85/monthly

But during the winter period the load gets increlags thus different scenarios are

created to gauge the capability of smart control.

Thus to assess the capability of the smart conabbleomes, different scenarios was
built to see its effect and also considering a woese scenario. Initial electrical
consumption for a two bedrooms flat in Glasgow wassidered, which is listed in

the table below:

Living . Monthly
Heaters Bedroom r oom Kitchen | Cost/day(£) Expenditur e(£)
No. of hours 13 6 5 8 240
oper ated

Table 3.1: Initial Electrical Energy Consumption [without control]
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The monthly expenditure as listed in the tablenibne with the questionnaire carried
out. Now, considering that the house is controbgdhe smart controls the method
of assessing is made easier by taking into acamenbeaters used for space heating
and doing various combinations with the numberairk the heaters are operated to

the visualize the effect it will have on the impatsmart control.

Scenario 1was created considering the room heaters beingatgaefor 13, 15 and
24 hours , living room heaters 7 and a half how latchen heaters for 5 and half
hours a day.

Scenario 2was based keeping both the living and kitchen rbeaters operating 6
and half hours in a day. The operating hours fairdem were kept constant, 13, 15,

and 24 hours.

The lastScenario 3was created taking into account that the roomensawill be
operated for 13, 15 and 24 hours, living room hsdiar 6 hours and kitchen heaters
for 5 hours in a day.

This evaluation is prepared with the help of thefipg created. The findings of the
scenarios as stated above are listed below indabuim:
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Scenario 1
. . . Monthly
Heaters Bedroom Living room | Kitchen | Cost/day(£) Expenditure(£)
No. of hours
heaters 13 7.5 5.5 6.5 195
operated
15 7.5 5.5 6.7 201
Scenario 2
No. of hours
heaters 13 6.5 6.5 6.5 195
operated
15 6.5 6.5 6.7 201
Scenario 3
No. of hours
heaters 13 6 5 6 180
operated
15 6 5 6.5 195

Table 3.2: Results of the scenarios [considering space heating in a houseg]

The result obtained shows that the daily expengliturthe monthly electricity bill
depends on the number of hours the heaters arg bperated throughout the day.

The line marked in green is in line with the asstiompmade as stated earlier, while
creating the profile for winter period. Controlsncaave about 20% of the total

monthly electricity bill.

The values marked in red, shows that there is nm@gs if the heaters are operated

for those number of hours in a day, inspite ofgimart controls installed.

Similarly, if we consider operating the heaterstiyhout the day, (the worst case
scenario) we cannot make any saving rather it atsdona huge expenditure on the
total monthly electricity bill of the house.
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Worst Case Scenario

. . . Monthly
Heaters Bedroom Living room Kitchen | Cost/day(£) Expenditure(£)
No. of hours
heaters 24 24 24 17
operated

Table3.3: Worst case Scenario

Hence from the above analysis we can concludeiristdlling smart controls in the
house can meet the useful space heating requireafighie house (as marked in
green) and also assist us in saving both elegtraeitt money.

Next aquantitative studys carried out. Hence this analysis study willilfeate to
show the potential of the smart controls startirogf the assumption of about 70%,
60%, 50%, 40%, 30%, and 20%, 10% reduction. Agaimfliterature review, it has
been found that installing controllers can makeagynsavings up to 40%.

With the help of the excel sheet calculation onaheunt of saving was done. The

calculation was carried out with the following paweters as follows:

The total monthly electrical energy consumptiortteg house during winter period
[without control] ranges between 2400 kWh to 2580k Here it is considered 2550
kWh.

Total Expenditure based on the consumption= £2506inip

Now based on the percent reduction, monthly anevelk as daily expenditure is

evaluated which is listed in the following tableosm below:
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% Reduction Em'a\r/I g; tc?gr/]gr?ch(ialWh) Expl\gr?dnittzlrye(ﬁ) Expeggﬂﬁfe(ﬁ)

10 2295 230 7.7
20 2040 204 6.8
30 1785 179 6.0
40 1530 153 5.1

50 1275 128 4.3
60 1020 102 3.4
70 765 77 2.6

Table 3.4: Quantitative Analysis[during winter]

The values in table-3.4 are evaluated by takingelketricity consumption without
control (table-3.1) as the base value and the astih% reductions are calculated as

following:

Monthly Electrical Energy Consumption [MEEC] = Initial Consumption-(10%
of Initial Consumption)*Cost of Electricity

For example for 10% reduction

MEEC = [2550-(10% of 2550)]* 0.1 = £230
Daily Expenditure = 230/30 = £7.7
[Number of days in a month = 30]

Similarly for 20%, 30%, 40%, 50%, 60% and 70% thERC was evaluated along

with monthly and daily expenditure.

Further a Quantitative Analysis graph is drawn rigkinto account the percent

reduction and monthly expenditure.
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Fig. 3.3: Quantitative Analysis graph (For winter period) [with control]

The above graph represents the %age reductioreiratige 10-70% along with zero
percent reduction or the maximum consumption.

Zero percent reduction values are the values ceresd for initial electricity
consumption, without control during winter perioBuring the transition period the
monthly expenditure ranges from £170 to £200 whecjuals to £6 to £7 daily
(approximately). The variation might arise becatlgeroom heaters are switched on
when the temperature falls below°C2and hence the external weather plays a

significant role.

Thus from this study we can conclude that weathé&lasgow can potentially affect
the electricity consumption and it can be managgdhstalling controls which not
only saves energy but also a significant amoumafey.
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3.5. Environmental Implications of Smart Homes

To add to the impact of the smart controls a bnete on its environmental
implication is discussed below. This shows thatallisg smart controls helps in
reducing the emission of the amount of carbon-dd@xn the atmosphere. Since it
has a wide area of research it is precisely showm i affects the environment,
starting the discussion givingbaief backgroundo it and thershowing calculations

carried out in terms of reducing carbon foot print.

There are benefits of smart home, to which it idlia put a value. The things like
ambience, distinctive design, a sense of space l@rthony with the site.
Smart Homes help the environment by reducing the afsenergy and thereby

cutting the green house gas emissions.

Global warming and other environmental issues @&emstoo big to deal with but
can make a difference by making smart decisionficae. Relevance between
carbon foot print and green building design is juségrating natural environment
with building environment. ‘Green Building Desigrand Smart Homes are
synonyms. Green Building Design is regarded asaetioe to increase the efficiency
along with resource energy water and materialsasal reducing building impacts
on human health and design, construction, operati@mtenance and removal.

It is found that home electricity contributes 12%Carbon Foot Print [CFP] in the
developed world. CFP is sum of two parts, primang gaecondary footprint. The
domestic consumption is included in primary foatprCarbon dioxide (C¢) is the

main gas produced by human activities, which isciased in global warming®!

Therefore Smart Home can significantly contributeaducing CFP thus helping in

making a sustainable environment to leave in.

The environmental implication for the smart corgrelas carried out keeping in
mind the sustainability indicators. These indicatprovide useful information to
help to prevent or solve problems before they becsevere. These indicators are

selected on the basis of their reliability, undemsling, the accessibility to data etc.
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In this report measuring the amount of carbon eomssis used as the sustainability

indicator.

The evaluation was carried out taking into consitien the amount of carbon
emitted per kWh. Then considering the profile adathe evaluation of the carbon
emission was carried out. Every house that usegrieiey emits CQ. Thus this

analysis will guide us as how much €@ emitted daily for both the scenarios,

strengthening the study of impact of smart controls

Assuming, 1 kWh of electricity produced from a cpalvered station emits 0.97kg
of CO; to the atmospher€ the carbon emission for the profile is evaluated.

From the profile
Scenario 1: Without control

Electricity consumption= 84 kWh/day [when the rodreaters are switched on,

winter period]
Therefore CQemitted to the atmosphere = 82 kg/day (approximatel
Therefore monthly emission of G& 2473.5kg/month.

This is indeed a bulk amount of gQvhich is emitted to the atmosphere. Therefore

the next scenario will show the reduction, whiladiang with the smart controls.
Scenario 2: With control

In this case, the comparative study is taken iotmant and according to the percent
reduction in electricity consumption, the carbonismmons is analyzed and is

summarized in the table as shown below:
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% Reduction M°mhe'¥e'f o Manthly Carbon Daily Carbon
i gy Emissions(kg/month) | Emissions(kg/day)
Consumed(kWh)

10 2295 2226 74
20 2040 1979 66
30 1785 1731 58
40 1530 1484 49

S0 1275 1237 41
60 1020 989 33
70 765 742 25

Table 3.5: Carbon emissions after installing controls

The carbon emission (kg/day) is calculated from dh#y electricity consumption,
keeping in mind the 10% reduction, when contrah&alled. The reduction percent
in carbon emissions is calculated taking into adasition the carbon emissions from
scenario 1 and then subtracting it and multiplyaydgLOO.

Thus from the above analysis it is noticed thatailiag controllers at homes not
only save money but can reduce the amount of cadmoission, thus helping in
reducing the carbon foot print of the house. Moezat has been noted that the
consumption of energy in domestic sector dependslynan the location, design
and construction of a dwelling, and the specifmatof heating systems and their
controls along with the efficiency of the appliasck also depends on the behaviour
and socio demographical characteristics of the mexcts. “Total domestic energy

consumption can be reduced by 10-30% by changingpamts’ behaviour alone.”
[17]

“DEFRA’s (2009 Energy Efficiency Action Plastated: In the household sector,
there are different barriers to improving energfjcefncy, and three predominate:
lack of information, high upfront costs, and hasshel disruption.... Even relatively
well informed consumers are often more interestedenewable energy... but will

not install cost effective energy efficiency measuin their home H*!

Therefore user must be made aware of the factaifafjlwarming and should also

understand its role and contribution towards itsiing of energy can contribute a
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large amount to global warming. Building smart henee renting smart homes can

contribute to a great extent to sustainability mfieonment.

Smart Homes with smart control will also enablenth® cut down their monthly
electricity bills. Thus together with deploymentsyhart control at homes, it is also
necessary to change the attitude of user by makieigy ‘aware’ of the facts while

using energy for daily consumption.

The environmental implications of smart homes canrédcommended for future
work as it has a very big scope and a wide areaegarch. The idea behind this
discussion is to bring forward few issues like aungbility, carbon emissions etc. It
adds a flavour to the entire discussion of the hmdé smart controls. Moreover it
helps in assessing the smart controls as the sabihiy issues are put forward

enabling to understand the impact of smart controésbetter way.
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CHAPTER-4

SYSTEM DESCRIPTION AND ESP-r MODELLING

This section of the project will describe the comstion of the model and three
different simulations. The simulation, for this @ct is carried out with the

university developed modelling package ESP-r. Artstiescription on ESP-r can be
found in appendix 2 of this report. Both of the rabdescriptions are examined and

an explanation about their form and structure.

Initial simulation was carried out considering vaith control and then with controls.
For the case of with controls, the control pericasvehanged and respective results

were noted. Finally dynamic simulation for the mloglas carried out.

A brief background to passive solar and daylightticm is discussed to understand
its importance and requirement in a house. Solarggnis used all the time, directly
or indirectly by all living beings in the worldn Passive Solar Energy Design, one
tries to make maximum use the amount of the suaa by making very careful
planning of the building design, so that the regment of the room heating can be
reduced. While designing, building materials, mdtlod construction can also help
us to reduce the amount of space heating, veptildi artificial heating. In Passive
Solar houses, the design is planned in such a matira the main objective to let
sun’s heat during winter & block the sun during su@n months.

The use of daylight to illuminate a space alonghwiitegrated electric lighting
system is a new and evolving concept and is paatiguuseful for lighting control. It
can improve the energy efficiency of the building the daylight is used for

illuminating it depending upon its orientation asekign
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4.1. Model Description : Residence
This section, describes the model and its assumptione to move ahead with the
simulation. The simulation was carried out by binid

» One zone model

» Two zone model
One zone model represented a room in the housetWitnegone model was built
representing the rooms (mainly living and bedroomghe house to visualize energy
delivered in each room. Both the models are sogdesi for light electrical load
house. The design process thus proceeds on the dfatbie beliefs the design team

holds. Simulation is used to test the beliefs efdesign team.

There were few assumptions made while carryingsoatlations.
The following assumptions were:

I. Glasgow climate was considered for the respectbae.y

Clitmate atalysis: E3P test climate

—_—

Temp

26

Bl

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 45 49 52

Titne (weeks)

Fig.4.1: The Climate Analysis of the year.
The space-heating in a house is mainly dominatedibyate; the above graph gives

an idea of the climate throughout the year, enghiintake the design assumptions
correctly to run simulation for different period thie year.

Page | 37



ii. A standard UK norm for housing was considered,iti.is. insulated, with no
cavity walls. This regards mainly to the solid waillulation, either
internal or external. This is a light electricahtbhouse.

iii. Windows are double glazed. This feature in the bdwps to reduce the heat

lost and also the transmission of noise. It ispeetgf insulation.

iv. The casual gain for bedroom and living room for upants, lights and
equipments were adopted from the ESR&port, Development of a
Methodology for the Evaluation of Domestic Heat@wntrols,Phase 2 of
a DEFRA Market Transformation Programme projectried out under
the contract to BRE environmel#! Casual gain charts for the rooms are
also attached in the appendix 5(A) and 5(B).

v. Heating set points are A1 in the living zone and 28 in other zones
(bedrooms).

Two heating schedules are used, according to tHRUE&port,'*® following

assumptions are made:

» Intermittent, for weekdays: 07:00 to 09:00 and 06®23:00

» Continuous operation at weekends 07:00 to 23:00.

Considering these assumptions, the models werg. ol the first instance the
simulation was carried out. Then a basic heatimd) @oling control was installed
and a complete simulation was carried out for summimter and transition period.

This simulation when carried out fulfilled the camah without control.

Next step was to add controller and run simulatiolfilling the condition with
control.
vi. The control period was divided into three perio@3:00-08:00, 08:00-17:00
and 17:00-23:00.
The operation of the controllers was throughout dag. During the period 08:00-
17:00, a controller is placed because to hold éheperature to & to 18C so that
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when the occupant enters the room at 17:00 hooes dot feel uncomfortable due
to low temperature. In the period from 08:00-17:@0is assumed there are no

occupants in the house.

Changing the control period and the temperature d&adeffect on the energy
delivered to the house. Thus it was analyzed aeddbults are discussed in the later
part of the report.

A ‘result analysis’ was carried out. The ambient airy-bulb temperatures were
recorded keeping in mind the scenarios with anchaut control. As Glasgow
climate is unpredictable, the ambient temperatgretaken into account before
carrying out with simulation. This also resultedemsier interpretation of the impact
of controls in the homes. The results for the satiah carried out for the two-zone
model representing the two-bedroom flat in Glasg®wepresented are discussed in
this section.

The ambient temperature and the climate data feistam taking decisions for the
heaters to be switched on and also enabling toemdifferent questions based on it.
The software provides the facility to browse thanelte data yearly, monthly or
seasonally. Exploring this data can give clues Wwisign be used while designing the
model.
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Fig. 4.2. Ambient Temperaturefor winter period

For example, the graph of the ambient temperatravinter period enables us to
predict concisely that at certain point of the dawill be below freezing point. This

may give a support to the heating and cooling delmamd capacity.

Next step was to monitor the dry bulb temperatofate rooms during summer and
winter periods. The winter period considered fonition is: Sunday"7January to
Monday 29" January. Figure 4.3 shows the temperature ofcte when there is no
control installed in the house. The room tempegeatatong with the ambient
temperature may reach the freezing point leaviegaitcupant uncomfortable. This
Is achieved by switching on the room-heaters, whiehto be manually operated and
take about 30-45mins to increase the temperaturthefroom. But when it is
switched off, after a certain time lag the tempamtfalls down. The comfortable

temperature cannot be retained for a long periddre.
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SCENATUO 1: WITHOUT CONTROL

Feriod: Sun-07-Tan@00R30(2007) to Sun-07-Jan@23h30(2007)

4
T 3 EEDROCM dB TERTD
e 2
p 7] LIVINGIOOM dB TERT
: o —.m
-l Awbient & Teap
& 24
2
¢ -3

i T T T T T T T 1

0 3 f ] 12 15 18 21 24
Time Hrs

Fig 4.3: Simulation for Scenario 1: Without Control

If the room-heaters are switched on for a long fithere is a possibility of the room
getting over-heated. Thus it is necessary to manuabnitor the room-heaters so
that neither the temperature of the room falls down the room gets over-heated.
This makes uncomfortable stay in the house for dbeupant. Here the smart-

controls come into play.

Simulated-assisted control will help to retain teenperature, so that it does not
reach the freezing point. A basic controller witntrol period was selected to carry

with the simulation.

Generally the temperature of the room is programtodze about 2°€ less than the
condition when there are no occupants. If the teatpee is allowed to fall to a
greater extent, the waste heat production is nvangh is marked in red as shown in

figure-4.4.
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Fig. 4.4: The waste heat production for the period from 07:00-17:00 (without

control).

The above graph shows that there is immense anoduvdste heat produced for the
period 07:00 to 17:00. This is the period wheneghsmo control. After 17:00 hours,
extra amount of energy is required to reach theetksemperature of 2G.

Figure-4.5 is a continued simulation carried outiftyoducing a control simulation
for the similar time-period, i.e., 07:00-17:00. it noticed that the waste heat
production is less as compared to the conditiongrwthere is no control on the
heating targets. Thus keeping this in mind the robrderiod is so set that there is
minimum waste heat produced and hence the furtiheulation is continued with
varying control periods.
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control)

The simulation for scenario 2 with control (figu4es) shows that the temperature of

the room can be maintained to about s occupancy of the room is time-based.

SCENARIC 2: WITH CONTROL
Period: Mon07 -Jar@00300196T) to MM on-07 JTan@23h3001967)
room db T
190 , A
T R /f -
a0 4 Rl N N \‘\xrcu-:-mHeatInj
m . ;
2 ". i
R0 H 3 )
D ;
o 40 — 3 _f_--..«—-—*"'”
g . Amwhient db Tmp
Cano 4 //"__B__E_._.—_._,i
*_—__'-H-‘__—_f'
6.0 T | | | | | : |
1] 3 6 7ap 9 12 15 175018 1 24
Time Hrs

Load kW
- 120

— 1.00

— 0.20

— 0.0

— 0.20

— 0.00

Fig: 4.6: Simulation for Scenario 2: With Control
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The room heaters start to raise the temperatutieeafoom to 1% at 07:30 hours, as

the occupants leave the room by 08:30 hours.

Again at 17:30 hours, the heaters get activatedise the room temperature t0°€0
This results in avoiding the huge loss of heat @asd ensures the comfort stay in the

house.

The control period is divided into three periodsl amulation is carried out during
winter period. The control period was changed it wated that operating the heaters
for 24 hours will make no saving compared tol3 a6dhours of operations. The
result of this simulation is listed in a tabularrfobelow. These results are found to
be in line with the results obtained from the gitative analysis as carried out in
chapter-3, which gives about 20% to 40% reductioeléectrical consumption upon

using the controllers.

FOR SCENARIO 2: WITH CONTROL
No. OF HOURSHEATERS ENERGY DELIVERED (%) PERCENT
OPERATED (kWh) SAVING
24 56 No Saving
16 25 22
13 20 38

Table4.1: Simulation Resultsfor Scenario 2 (with control).

The calculations for changing control period arglaxed further. If the room
heaters are switched on throughout the day, tlseadsolutely no saving. From the
profile we noted that the room heaters of bedroetfiver 32 kWh. Thus taking this
assumption we evaluated the percent saving. Thoellagibn is shown below for 24

hours of operating room heaters:
Percent Saving= ((32-56)/32)*100= No saving

Similarly for 16 hours and 13 hours is evaluatednée the saving of electricity is in

line with the saving noted in quantitative andrhtere review.
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4.2. Dynamic Simulation

Dynamic Simulation is carried out in order to nthie changes if these techniques
are incorporated in a house. This is a type ofgiating renewables in the house by
passive solar and day lighting control. The ovezakrgy delivered by the room gets
decreased thus helping the occupants of the housa/e some more money and also
energy.

Thus simulation was carried out creating scenaa®®xplained together with the
results obtained for each scenario.

(i) Passive Solar

With the aim of understanding the importance ofspassolar gain in building this
simulation is carried out. This simulation is cadiout to determine the impact on
heating or cooling requirements and overall therowhfort. The simulation was

carried out for the two zone model. Two scenariesancreated.

Scenario 1: The size of the window was increased.
Scenario 2: The heating and cooling system of the model watcked off.
For both the scenarios, simulation was done maiotythe winter and summer

periods.

The technical features of the two-zone model:
Site location- 559 4.1°W of local meridian
Ground reflectivity: constant =0.20

The results for the scenarios are listed below:

Scenario 1: The size of the window was increased.
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PASSIVE SOLAR : SCENARIO 1

Period: Sun-03-Tul@00R30(2007) ta Tue-10-Tul@23h3002007)

bedrocm db temp. -

2350 4 i living room db temp
T
: R /
mEU.U — //'\’
n ’\_/J\n\ imbient tamp
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D \.\//
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Fig.4.7. Simulation for Scenario 1 of Passive Solar

The effect of increasing the size of the windows wreat it required higher heating
during winters and cooling during summers. Therisiiy of solar radiation was very

low during winter requiring additional heating.

During summer, heating load was not required. Tighdst ambient temperature was
about 36C. It made the occupants of the room feel uncorabbet as it received
maximum solar radiation. There was no cooling loBldere was no heating load
necessary during summer period as the room temperatas around 26. The
figure-4.7 explains the phenomenon.

Scenario 2: The heating and cooling system of the model watcked off.
During the summer period simulation was carried without control loops and
temperature of the room was around@@s shown in figure 4.8. Bedroom and

living room temperatures were almost same implyheg the day time temperature

of the rooms were very high & the occupants ofrtieans were at discomfort.
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Thus without having controls in the rooms make thsiding of the occupants

uncomfortable.

PASSIVE SOLAR :5CENARIO 2

Petind: Sun-02-Tul@00hI0¢2007) to Mon-30-Tul@Z3h3002007)

bedroom db temp

T T T T T T T T T T T T T T
192 240 288 336 334 432 4800 SEE

Titme Hrs

T
] 42 ) 144

Fig.4.8: Simulation for Scenario 2 of Passive Solar.

In the next step, the model was rotated by 270adsganticlockwise, keeping the
rooms at the same side. It was noticed that the¢eature of bedroom reached more
than 30C.

Hence exploring the results of the above simulatibpassive solar, it shows that the

solar gain depends on few factors. They are
» Dimension of the windows present in each room efttbuse

» Orientation of the building and also the rooms éxample, rooms in the
direction of south east will get the benefit of miog sun & those facing in

the direction of south-west will receive the afteon sun till the sunsét!
» Materials used during construction of the house and

» It will be better to install highly responsive &mzed heating systems as it will

be more energy efficient than heating the roomughout the day.
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Passive Solar Building Design is a technology whsichply aims at interior thermal
comfort during the day and also throughout the yeathout using any equipment
for active heating & cooling such as photovoltdic & can also be referred as ‘green
building design’

The Passive Solar Design does not have any movrtg pince they can perform by
themselves without any electrical or mechanicalstesce. The main part of it is
building design and constructional materials. Senfgchniques can also bring a

great change in our way of consuming energy andaevel.

(i) Lighting Control

The present report discusses the impact of day ligé to offset the use of artificial
lighting in the buildings. It also comments on ttlenate, control on heating and
cooling requirements stating few principles of tigh and lastly discussing the

results of the simulation and environmental imdat.

A seasonal simulation was then carried out withhigle of ESP-r on daylight control
of light switching. This lighting control was cagd out for and the two-zone model
created in ESP-r, similar to the two-zone modeltbaiESP-r. Heating and cooling
loads were taken into account. A lighting contrdieme was introduced taking few
assumptions as follows:

» Control period was selected for 24 hours

» User defined daylight factor [DF] was taken intmsmleration

» Photocell location was selected as centre of thmgdacing down

» Day light factor was increased accordingly.
The above stated assumptions enabled to carry heutdynamic simulation and

interpret on the impact of the controllers at home.

This simulation was carried out to visualize thieelf of lighting in building heating
and cooling loads. The first simulation was doneadighting gain of 106W for the
occupied period (in case of bedroom) for weekdays weekends as casual gain.
Winter and summer simulation was done. It was fatlvadl during winter the heating

load of bedroom was lower than the living room bypat 20%. This was due to the
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fact that the lighting gain released heat for whind heating required in bedroom is

not as much as compared to living room.

Next part of this simulation was carried out by iaddighting control system. It was
noted that introducing control loop system, affddfee heating load in summer and
cooling load during winteiThe control loop system helped to save energy asnmoan
daylight was allowed to pasise room through the window and also by switchiffgtee

lights as required.

Thus from the above analysis, it clearly shows thtitised solar radiation, relative
humidity, sensible and latent heat energy and ambkiEmperature influence the
heating and cooling of the rooms. Along with it teeternal factors like climate,
location of the building, amount of sunlight (pagssolar) received by the building,
colour are taken into account while designing askourhuslighting loads can be

helpful in saving energy if properly designed wtile control (timer).

4.3. Recommendations

The set of preliminary guidelines for the abovejgebis split into two sub sections due
to its different aspects of Intelligent Controlshub the recommendations present a
supplementary information on the technology shcwdde the vision to approach the
problem in wide perspective in order to achieveabe¢ between technical solutions and
sustainability. The key elements required for taesibility study are:

> ProjectChecklist

» Modeling and Technical assistance
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4.3.1. Project Checklist

The project checklist provides a detailed list oé tkey elements that should be
considered before venturing into the project. Thkotving checklist will assist in
carrying out project.

Simulated-Assisted Control is the main theme of preject therefore proper
literature review is recommended to understan@quirement which will assist in

developing new ideas chipping in with the concept.

Need to create daily electrical consumptioprofile for a house considering all the

electrical appliances available in a house.

If any doubt arises, go small, like taking into simleration two bedrooms flat, which
will help in listing all the appliances found inasaroom and thus will help in

creating the profile. To begin with, assume wingeriod.

Note the current expenditure for the house.

Carry out a field study which will facilitate theqzess of building up the profile.

Next carry out simulation with a building simulatitool. If ESP-r is being used, it is

recommended to use in LINUX platform.

4.3.2.Modeling and Technical Assistance

Designing, modeling and carrying out simulationcigical as it involves minute

details to be noted down. It requires good techreakground to understand the
parameters required for the investigation. It atsguires preliminary investigation of
electrical energy distribution (cooling, lightingupment process etc) in the house.
It is recommended that listing all the items thaesi electrical energy enables to

evaluate the consumption of electricity for eactitg@vailable in the house.
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Next making a list of remarks as which of the ésitcan be controlled with such a
system will facilitate the process of modeling aventually the simulation.

Small operating station can monitor such procesghe entire building. It is to be

noted that, not only house, these controls can jpartaof community buildings and

campuses forming the base of such schemes. Thiepgomill then develop over

time.

In order to carry with the further research, iregcommended to carry out a field
study which enables to build a concept on the bséaviour and also to assist in
making sensible assumptions. Electrical consumppiofile is the vital section of

the research. Therefore to create the profiles isuggested to note the details for
every two minutes as that minimizes the error gpemt extent. Calculations should
be done minutely as little mistake in formulae’sucges the interpretation of results.
There are many fields which could be modified aadalpart of this feasibility study

further as discussed later in the section futurekwo
Next for the simulation, software should be choaecording to the comfort level.
This increases the degrees of freedom and helpgpiore the different options of

the software enabling to interpret the results withre technical details.

Therefore the above set of guidelines will makembother to carry out this study for

future research.
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CHAPTER-5

DESIGNING OF SMART CONTROLS

This chapter adds finesse to the overall reportttboduces the control logic behind
the complete smart control system and the harde@mgonents required to build a

controller.

The discussion is initiated by introducing conteollits control logic and then with
the help of a conceptual diagram lists the hardvearaponents for smart control.
This section also states the differences betweemptieumatic and the direct digital
control along with its advantages. The control ma&also defined. This builds a
foundation to explore further about the essentadivare components required to

design the controller.

5.1. Controller

Controllers are a part of an interdisciplinary lmarof engineering, dealing with the
behaviour of the dynamic system. It generally wooks the flat-form of control

theory and monitors and affects the operationatitimms of a dynamical system. A
controller generally manipulates the input andstt obtain the desired effect on the
system. There are various kinds of controllers lalsbe like supervisory control,

pneumatic control etc. but in this report we wilbass about computer-based
controller [direct digital control, DDC]. The onlgifference in computer based
control with supervisory control is that it doest t@ve analog controller and the

computer works as a fundamental part of the feddbgstem!®
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5.1.1.Direct Digital Control [DDC]

The computer industry gave an initial momentumhedigital electronics to produce
smaller, cheaper, faster integrated circuits[ICTlse evolution of digital computers
having speed, reliability, smaller size and reducest increased its use in process
control. The ultimate result of computer applicaidn process control has been to
use the computer to perform continuous controliecfions (Appendix-3f*

An energy management system (EMS) is defined aflyaffinctional control system
including controllers, various communications degia@and the full complement of

operational software necessary to have a fullytioning control system*?

Thus elaborating it, the use of DDC started from tise of main frame computers
handling many control loops, to mini and micropssm based computers
controlling fewer control loops to microprocessased computer embedded in the
sensor controlling only one loop. These are oftegarded as ‘smart sensors’,
interfaced with supervisory computers and finaltoanelements using serial buses

or local area networks [LAN}®

The basic DDC loop is shown below (figure 5.1):

Intg DDC Qutof DDC
ey I*f,i
| |
1 1
Sansor : :

1 1
1 1
1 Controlier !
! ! Controlied
: : Device
1 1
1 1
1 1
1 1

INPUT ! LOGIC " oUTPUT
DIRECT DIGITAL CONTROL LOOP

Fig. 5.1: Diagram showing basic DDC loop *?
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DDC is aclosed control loop In a closed-loop control system, a sensor olesettve

output and supplies that data to the computer wigightinuously regulates the
control input as it is necessary to keep the emimimum. For example, in a closed
loop system, if a home thermostat were installetsida the house, the output
(furnace heat) would have no effect on the inpuh#&thermostat, in case of outdoor
temperature. Now by closing the loop i.e. bringihg thermostat indoors, the output
(furnace heat) would now affect the input (indoemperature). In this closed loop
control system, the output is fed back and is ‘carag with the desired value and
the difference between the two is used as an aotusignal to actuate the control

device (gas valve) for a gas furnace™”

DDC can be explained by breaking down the terms ‘idirect’ and‘digital’. “The
term ‘Direct’ means that the microprocessor in¢betrol loop and the term ‘Digital’
means, control is accomplished by the digital eteits of the microprocessor™

The control of valves and dampers is very accutadeause of the use of

proportional-integral-derivative [PID] control alsavn in figure 5.2.

/-.'\ Satpelat

Ouiput it

Time

Fig.5.2: Proportional-I ntegral-Derivative Control ™!

“It provides fast, responsive, operation of a heptvalve by reacting to the

temperature changes in three ways: the differeet@den the set-point and actual
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temperature (proportional), the length of time thierence has existed (integral)

and the rate of temperature change (derivative).”

This type of control logic not only saves energyut lalso increases accuracy
simultaneously getting rid of hunting and offset digcreasing over-shooting of the
temperature and minimizing the amount of time regfito settle the desired
temperature. Pneumatic control deficiency was thaguld handle only one loop in
a fixed manner where as the DDC can handle numeronsol loops and can be
programmed for different control functions withdwetirdware changes. A comparison
chart is attached in appendix 4 which will illuserahe effectiveness of DDC over

conventional pneumatic controfs . ”!

Utilizing DDC in building automation has few advages like:
» It reduces energy consumption
» It reduces HVAC labour
» Improves and assures occupant comfort and
>

Provides greater operating convenielite.

The brief discussion about DDC will guide the waythe components required for

designing a controller.

5.2. Hardwar e Components of Smart Control

Hardware as well as software is required to builelxC. Hardware must be reliable,
industrial grade and engineered to interface wighigment. There are five basic
components necessary in BEMS. They are as follows:

» Sensors

» Actuators

» Microprocessor based field panels (controllertley are mainly an interface

between the remote sensors and actuators. It B
» Communication links
> Central Operating Systefh " *°!
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The working of these components is described lyrifhe location of theensors
and/ or actuators is at the equipment which isgeontrolled. The information that
is passed on (is identified as single operatinglitamm like temperature or pressure)
is conveyed to the field panels (controllers) foonoring or decision making
purposes. The actions initiated by the controlersinto action thectuatorsdefined

as the mechanical interfaces. These actions caselbénitiated or initiated by the
controllers as outcome of information received freemsorsField panelsmerge the
input from the sensors and distribute the outpuh&oactuators as received from the
controllers.Communication linkenables to transmit the information to tentral

operating statiorand these links carry information throughout thére systemt!!

A conceptual diagram as in figure 5.3 will helplist the hardware components

required to build the smart control.

Fig.5.3: Conceptual diagram of Smart Control
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Legends of the Fig. 5.3:

S1, S2, S3, S4...., Sn are ‘n’ number of Sensors
Al, A2, A3, A4...., An are ‘n’ number of Actuators
MUX-Multiplexer

ADC-Analog to Digital Convertor

SIM-Simulator

CS-Control Strategy

CD-Control Decision

DE-MUX- De-Multiplexer

DAC-Digital to Analog Convertor
SAC-Simulated-Assisted Control

ESP-r is the software for simulation

Now the main electronic components necessary tigm@ssmart control are:
» Sensors

Actuators

Multiplexer

De-multiplexer

Analog to Digital Convertor [ADC]

Digital to Analog Convertor [DAC]

Computer for programming

YV V V V V V VY

Building Simulation Software

Each of the components is described below:

» Sensors these are electronic devices. It has contact with &ambient
conditions and responds by varying voltage or curreSensors like
movement control sensors, temperature sensorstsléecmovement and the
ambient as well as the dry bulb temperatures whitdibles to transmit this

signal, to ADC to convert the data into digitalrfofor further evaluation.
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» Actuators these devices transforms electric or pneumatic caagtructions

into mechanical response. Signals through DACraresitted to it.

» Multiplexer or MUX
It is also known as mux and is callddta-selectorlt is a device that multiplexes or
multiplies. “A MUX has 2 data inputs, n control or select inputs and arputut
terminal where n =1, 2, 3 or 4. The selection of ohthe 2 data inputs is made by

the signals applied to the select lin€d!”

A diagrammatic representation of mux is shown below

In = 0
|1 —_—
4-to-1 .
MUX oP =Y
|2. - |
| - 3
3 A X
T T
(a)
*q X Y
0 0 In
0 1 h
1 0 Iz
1 1 Iy
[[5}}

Fig.5.4: (a) 4 to 1 multiplexer circuit representation, (b) 4 to 1 multiplexer
Truth-Table™

Therefore from the diagram above, it notice thatwdtiplexer takes as many input
signal, and generates only one output.
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Multiplexer selects binary information present imyaone of the input lines
depending upon the logic status of the selectipntmand routes it to the output line.
Thus if a multiplexer has ‘n’ number of input linése maximum possible input lines
will be 2" and the multiplexer will be referred a$t® one multiplexer. In this case
several input information is signaled into one omitgignal carrying many

communications channel by means of some multigekrtique!”

» De-Multiplexer
It is also known as de-mux and is callddta-distributor It is just reverse of
multiplexer. A diagrammatic representation of antieéx is shown below:

€3 Da
Diata Input A o D2
o D3

S1 So

Data select (determines the destination of the data mput)

Fig.5.5: Functional Diagram of 4 line De-Multiplexer

It is basically single input multiple output switch takes a single input data value

and routes it into one of several outputs as shawhe above figure 5.4.
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At the receiving end of the data link a complemgnt@e-multiplexeris normally
required to break single data stream back downthr@mriginal streams.
Multiplexer and de-multiplexer are the types of comational circuits available in

Electronics™

» Analogto Digital Convertor and Digital to Analog Convertor

In this world, most of the physical quantities arelog in nature, like temperature,
heat, light, pressure, speed. Therefore it is reduithat these quantities are
understood by the digital system. This conversakes place with the help ahalog

to digital convertorcommonly known as ADC. It is an electronic devibtat
converts continuous signals to discrete digital bera. Now it is to be noted that
when a computer is used for control the analoga#syithese quantities should be
converted with the help dfigital to analog convertocommonly known as DAC. It

performs in the reverse manner to ADC. The ADC AL are shown in figure 5.6.

There are devices that convert these quantities afgctrical quantities, known as
transducers. A commonly used transducer is a tlséomilt is device which is
sensitive to temperature. The resistance incredsdbere is an increase in

temperature or if the temperature remains constaftage is measured acrossiit.
11]

Analog

Analog
T | 1 1
s | ADC DAC  [— Ou

(a) (b)

Fig.5.6: Block Diagram of (a) ADC convertor (b) DAC convertor
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Computerized acquisition of analog quantities isdneing more important than ever
in today’s automated world. Therefore it is now coom to employ a completiata
acquisition systenfDAS] on a printed circuit board that interfacessiga with

popular computer systems such as PCs or Macintwsiputers.

These boards typically provide analog to digitathwersion of input signals, digital to
analog conversion of computer outputs and a nurobetigital input and output

lines.

A particular significant feature of such systemsthat they come with software
routines performing input output using the onbodata input and output devices
simplifying the task of the software design sinegadnput and output are facilitated
by calls to one of these routines. The entire systemmunicates with the help of
data bus and control bus. Data bus may comprigeD&@, microprocessor, memory
etc sending control signals to and from variousias/for such things as chipset,

system clock, triggers et€.’-2"4°

Computer and itssoftware play an important role in process control. When the
controller function is taken over by a computeroemetermination and controller
mode equation evaluation is done with the helpaffinsare. Software must be of a
design proven to be comprehensive, flexible angl tasse. It is the software which
determines the ultimate capability of DDC. The ihpmlata operations for the
computer based controller starts from putting tla¢adn to suitable form for a

controller-mode operation.
Thus the entire operation of the smart control iscuksed required for efficient

building energy management systems. This chapteflypoutlines the functions of

the components required for the system discusbmgénsing mechanism of it.
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CHAPTER-6

CONCLUSIONSAND FUTURE WORK

6.1. Conclusions

The aim of this project was to do a feasibilitydstuproviding Glasgow City Council
with a preliminary investigation report on the impaf intelligent controls in
residential buildings in Glasgow. This project wearried out successfully by
breaking it down into various objectives and fiskddy, comparative analysis and

energy modeling and monitoring became a part optbgct.

The main objective of the project as stated waed& into the different options of
deploying these controls at homes. To report onithpact of smart controls,
different methods were adapted like preparing astjpenaire, comparative study
and then finally carrying out simulation with theiversity software. Many people in
UK or rather in Glasgow are unaware of the techgwland when talked about, they
comment it as ‘costly’. These feedbacks are usefut will be a mode of learning as

it will have certain weight age on the decisiongiman future.

The impact of the smart controls was carried outlbyeloping a case study for a
two bedrooms flat in Glasgow. Profile was then t¥dawhich enabled further

simulation with the building simulation tool ESP-r.

Based on those results, a set of recommendatiensrepared. This will throw some
light for the future research in this field. Thiarpof the report is considered as the
vital portion of recommendations as it gives a sctipcarry out this work in much
more modified technical manner. An environmentaplioation of smart homes,
with smart controls, is briefly discussed in theport, giving an impression that it
can be an active member in the field of green teldyy.
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A control logic diagram is build to build a pathnew software that would help to
monitor the electrical energy consumption at hon¥dss is similar to the flow
diagrams used by the programmers and in effect seméred programs can often

be ‘written (coded) directly from such a processmagion diagramt®

Though the concept simulated-assisted control g, et will definitely be part of
future technology enabling the user to use elesdteaergy more efficiently and save
money. As shown in the report the amount of caneoluctions implies that it itself
substantiate in being a part of the green technyaloduture in Glasgow as well as in
UK.

Thus it can be concluded that, deploying intelligeontrols at homes will entirely
influence the way of living of people in Glasgowhi§ change will not take place
immediately but gradually over time, it will stathowing its effect and enable us to

guide our way to a better sustainable living.

6.2. FutureWork

Many developments can be made further, in thisysinduture by breaking down

the topic into the sections as shown below:

» Looking into the environmental perspective of thely.

» Looking into the financial perspective of the study

» Carry out the simulation considering the differgmtes of houses and also for
the different commercial buildings available in UK.

» Creating a logic diagram along with a software cfmle¢he smart control.

» Looking into the designing of the smart contromiore details.
Environmental study will look into the matters teld to sustainability of the control

system being installed and also the keeping arte@yts carbon emission each year.

A similar project is being carried out on 4M [madegl, monitoring, mapping and
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management] is being carried out by the UniversityLou borough, trying to
regulate the carbon emissions in UK cities and asploying energy efficient
measures for this carbon management. Integratimgwables in smart control could
also be discussed as a part of the environmenidy $telping it to become a member

of the ‘green technology'.

Financial perspective will look into the paybackipd and NPV [Net Present Value]
analysis will give an entire idea of the amountuiegd for the project focusing in the

cost benefit that would be acquired from it.

Considering the different types of houses and tiransercial buildings available in
UK will offer a variety to the project. It will nadnly look into the flats but also look
into the houses and the other buildings enablingnfer broadly on saving of

electricity and bringing sustainability.

The logic diagram together with the software codké demonstrate on the working
of the smart control. Designing the smart contamild be discussed in more details
evaluation it for error calculation, signal proagags sampling the data, data
acquisition etc could be explained thus bringing tietails of the ‘control theory’

required for to build the smart control.

Thus the above sections discussed above are themmeended areas which could be
carried out for future research area in wider aspec
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APPENDICES

8.6. APPENDIX 1- THE QUESTIONNAIRE

1. Where do you stay?
ANS:

2. What type of house do you stay? (2 Bedroom or 3r@&®d or 4 Bedroom
Flat)
ANS:

3. What is your electricity bill:
(1) During winter-£
(i) During summer£
(i) During transitiont

4. How long do you switch on the room heaters (in Hgur
(1) During winter-
(i) During summer-
(i) During transition-

5. What is the rating of the lights (in Watts)? Doytlave same rating?
ANS:
How many lights do you have:
® In kitchen-
(i) Bedroom-
(i)  Bathroom-
(iv)  Corridor-
v) Living room-

6. What are the other utilities do you have in youmle@
ANS:

7. Do you have smart control (Y/N)?

If yes, what type of control?
ANS:
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8.2. APPENDIX 2

» ESP-r Programming

ESP-r namely stands f@nvironmental Systems Performance reseamtsion. It is

a ‘state-of-art simulation program’ which is enlyréased on integrated approach. It
is an energy simulation program which permits asessment of the performance of
existing or proposed building designs, incorpogtiraditional and/ or advanced
energy features. Building and plant modeling apghea are theoretically

compatible.

The program methodology of ESP-r mainly comprideBroject Manager, Simulator

and Results Analyzer. It operates in ‘graphicaenattive modes by menu driven
command selection.” All input data is managedh®y project manager. It also helps
the user by managing the descriptive files makhggy model creation process very
productive. The Simulator with the help of the ihdata predicts the performance of
the building or plant, in accordance with the defirpproblem. The Results Analyzer,
analysis the results stored in the Simulator. Deffieé forms (like statistical,

interrogative,) of results are available in thisdule. The intermingling of the three

modules assists the designer in the process ofideanaking*®

» Stepsto createa mode in ESP-r

This is basic guide for new users in ESP-r. It Wwélp them to create a model and get
to know the different options available in ESPrr\(Vindows platform)
ESP-r software can be downloaded from the followimnk below:

http://www.esru.strath.ac.uk/

After installing the software, user can go throtigh various exemplar models in the
software or else can get started building its owa zone model by following the
steps below:

1. Select create new-give a root name for your modmdeh description-

selecting standard set of folders.
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2.

Year and site latitude and longitude, does notenaltt does not have a global
map inside so changing latitude and longitude moll change where you are.
Select the climate data. It depends on the usachwilace analysis is being
carried out. If the desired climate data is notnfihuthen climate data in the
form of ASCII code can be fed in and then can lmavised.

. Select Database Maintenance, and view the synaptiggraphical analysis of

the climate data.

The following steps below now will help to buildetimodel with the geometry:

5.

Select browse-edit-simulate, Zone Composition-geggmand attribution-
input dimensions. Now for dimensions refer ESBokbook as mentioned
in the reference 20.

Note: Windows do not support bitmap.

Give a name to the new zone, select surface |dtegges, selecting within
surface creates window and at base creates a door.

Note: In ESP-r doors and windows are surfaces.

Selecting surface attributes-‘attribute many’ eealib name the surfaces and
also select appropriate construction material bletéor the surfaces. These
should be linked with all the zones created.

Topology-surface connections and boundary-check waeex contiguity
examines the zones created and its surface coans@nd boundary.

Now selecting operational details helps to inpué tbasual gains for
occupants, lights and small power. For a house ESRU report on
Development of a Methodology for the Evaluation @dmestic Heating

Controls will give an idea of the casual gain fedloom and living room.

10.Control loop can be selected as desired by sefpthia control period for

weekdays and weekends.
Similarly the operational details and the contomd details should be linked

with the zones created.

11.Run simulation. Selecting simulation preset assisthanging the period of

simulation and thus it can be carried out for aegiced month of the year.
To change the period of simulation, the user neéedso to the ‘simulation

presets’ and change the period for simulation.
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12.Result analysis, gives the entire result as peritpet given. Graphs for
ambient temperature, dry bulb temperature can bedrnamlong with sensible
and latent heat loads. Enquire about option helpste the energy delivered

for the required number of hours.

These are the basic steps which will enable tadtaiinodel in ESP-r and will be
a guide for new user in this software. There ateebptions which can be
explored once the user gets proficient with thd.ttocan integrate renewable

energy into the model and run simulation for theirdel period.
Note: Linux is a good plat form to start with ESP-r. ksthe windows plat form

it gets hanged and many times the data fed inlgstssince the files in it gets

corrupted.
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8.3. APPENDIX 3
This table below answers the question the wherceidral management system
begar

1st Generation (1950's)
Remote monitoring panel using temperature sensors and switches
to manually read conditions and start or stop motors,

2nd Generation (1960°)
Use of clectronics, introduced low voltage circuits to automate or
speed up monitoring of panel functions.

3rd Generation (1960'5-1973)

Multiplexed systems consisted of groups of sensing and control
points ted into a local system panel and a pair of wires that run back to
a central console from multiple panels. Scanning the points in a system
was accomplished electronically (response time was slow and failure of
the Central Processor meant total system down).
4th Generation (1983)

Individual building panels become electronically smarter with their
own stand-alone minicomputer. They can carry out most functions that
the central computer used to do, and also relay information back to a
central console. The processing of system functions is throughout the
system.

The speed of the electronics, as well as software, and hardware re-
liability soon "over powered” conventional pneumatic control systems
with simple proportional control and offset. EMS sensor locations were
duplicated with pneumatic and electronic sensors.

5th Generation (1987)

Direct Digital Control (DDC) uses a small microprocessor and soft-
ware for system sensing and control. DDC units can stand alone to pro-
vide various digital control sequences, or several DDC units can be tied
to a central operator station. On any size system, this could be an IBM-
PC or compatible. Most EMS manufacturers have their own software
packages which results in the EMS becoming proprietary, as does the
DDC system.
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84. APPENDIX 4

COMPARISON OF PNEUMATIC AND DIRECT DIGITAL CONTROL [Part 1]

COMPARISON CONVENTIONAL BEST CONTROL
CATEGORY PNEUMATIC CONTROLS DIRECT DIGITAL CONTROL SYSTEM
Performance ¢ Proportional control only. Full PID control and more. pDDC
* Single loop controllers. Multi-loop controller.
* Complex control is difficult Easy to define complex sequences.
or costly. Closer control.

* Adequate control.

Initial Cost * Cost rises with number of Once cost of DDC controller is Comparable
control loops. absorbed, cost rises with number of
* Complex control is very sensors and actuators.
expensive, Capable of most complex control.
Reliability * Proven reliability over many Proven reliability in process DbDC

vears, however, control system  industry and many commercial

must be well maintained and HVAC applications.

recalibrated regularly. Each DDC controller can stand alone.
* Relies on air supply.

Maintainability * Relatively easy to maintain. Automatic as-builts. DDC
* Require regular recalibration Built-in diagnostics.
due to drift. Fewer components,
No drift.

Service by board replacement.

COMPARISON OF PNEUMATIC AND DIRECT DIGITAL CONTROL [Part 2]

COMPARISON CONVENTIONAL BEST CONTROL
CATEGORY PNEUMATIC CONTROLS DIRECT DIGITAL CONTROL SYSTEM
Flexibility * Changes or additions require  Programmable controller. DDC

new or different controllers New control strategies defined at central.

re-piping and often wiring, and New control easily added.
then recalibration.

Ease of Use * All operator interaction at Full English language reports. DDC
local control panels, Color Graphic Displays
¢ Can read temperatures and Automatic Records of all control
change set-point. strategies.
Life Cycle Cost * Regquires regular recalibration.  Easy to maintain. DDC
* Modification and expansion Easy to modify.
require additional controllers.  Easy to expand.
Cost to Add Energy * Each new function usually New functions are easily defined DDC
Management requires additional equipment by operator.
and labor.

(1]
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8.5.

APPENDIX 5 (A)

Day
type
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Wkd
Sat
Sat
Sat
Sat
Sat
Sat
Sat
Sat
Sat
Sat
Sat
Sat
Sat
Sat
Sat
Sun
Sun
Sun
Sun
Sun
Sun
Sun
sSun
Sun
Sun
Sun
Sun
Sun
Sun
Sun

Living Zone

All gains in Watts
Wkd = Weekday

Gain no/ Period
Description Hours
1 Occupt o- 7
2 Occupt 7= 9
3 Oceupt 8 — 16
4 Qccupt 16 — 19
5 Occupt 192 — 24
6 Lights g - 7
7 Lights T= B
8 Lights g — 16
9 Lights 16 — 19
10 Lights 19 — 24
11 Eguipt 0o - 7
12 Eguipt 7 - 9
13 Equipt 9 - 16
14 Egquipt 16 — 19
15 Equipt 19 - 24
1 Occupt 0 = @
2 QOccupt T - 9
3 Occupt 9 — 16
4 Occupt 16 — 19
5 Occupt 1% — 24
6 Lights 8 = 7
7 Lights 7= 5
8 Lights 9 — 16
9 Lights 16 — 19
10 Lights 18 =24
11 Egquipt 3 =
12 Egquipt o= B
13 Eguipt g — 16
14 Equipt 16 — 19
15 Eguipt 19 — 24
1 Occupt 0 = 7
2 Occupt T =g
3 Doccupt 9 — 16
4 Occupt 16 — 19
5 QOccupt 19 — 24
6 Lights o - 7
T Lights T = 9
8 Lights 9 = 16
9 Lights 16 — 19
10 Lights 19 — 24
11 Egquipt B == 7
12 Equipt 7 - 9
13 Equipt 3 — 16
14 Equipt 16 — 19
15 Eguipt 19 — 24

Sensible
Gain

0.
130.
0.
60.
186.
10.
65
0.
24.
g4.
50.
200.
50.
70.
250.
0.
130.
0.
60.
186.
10.
65.
0.
24,
B4,
20.
200.
50.
70.
250.
0.
130.
0.
60.
186.

& ]
1

65.
0.
24,
84.
50.
200.
50.
T0.
250.

o000 0000000000000 00 00 o000 oo oOoO0Coooooooooac

0

Latent

Gain

0.
56.
0.

o]

oo

@
CoOQOO0OOooOoOOoLOOMOOOoOD oo oo Oo LoD N OO OODOOOW

0

L= e IS o I w0 Y o Y e I o o B o [y e e i o Y i Y o I e R o N T o AR o O s N e s O o o Yo o Y Y o Y s Y e Y S o I o I o o T o Y o B

Radiant
Fraction
0.30
0.30
D.320
30
.30
.50
.50
.50
.50
-50
.00
.00
.00
.00
_Da
.30
.30
- 30
- 30
- 30
=50
.50
.50
.50
.50
.00
.00
.00
.00
.00
.30
.30
. 30
.30
.30
B
.50
B0
.50
.50
.00
.00
.o
.00
.00

]
.

COD0DO0OOD0DO0O00000000000C000 o000 oo oo o oo

Convective
Fraction
- 70
.70
70
.70
70
.50
.50
.50
-50
.50
.00
.00
.00
.00
.00
-70
&0
.70
=70
.70
.50
.50
.50
.50
.50
.00
=HBD
.00
.00
.00
.70
.70
=10
. T0
.70
- 50
et bl
=50
.50
.50
1.08
1.00
1..080
1.-.00
1.08

CccoooooOoOOoOoOOokHKPHEHOODODOD DD DD OO HRHKHHHEDOODOODO OOQDO

(22]
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APPENDI X 5(B)

All gains in Watts
Wkd = Weekday
Non—1iving Zone

Day Gain no/ Period
type Description Hours

Wkd 1 Occupt G~ I
Wkd 2 Occupt T - 9
Wkd 3 Occupt 5 — 16
Wkd 4 Occupt 16 — 19
Wkd 5 Occupt 1% — 24
Wkd 6 Lights Bl i
Wkd 7 Lights 7 — 9
Wkd 8 Lights 9°— 16
Wkd 9 Lights 6 — 19
Wkd 10 Lights 19 — 24
Wkd 11 Equipt 0 - 7
Wkd 12 Equipt = 9
Wkd 13 Eguipt g - 16
Wkd 14 Egquipt Is— 18
Wkd 15 Equipt 19 — 24
Sat 1 Occupt 0.— 7
Sat 2 Occupt 7 - 9
Sat 3 Occupt .— 16
Sat 4 Occupt L6 '— 19
Sat 5 Occupt 1% - 24
Sat & Lights Q= 7
Sat 7 Lights 7 - 9
Sat B8 Lights 9 - 16
Sat 9 Lights 16 — 19
Sat 10 Lights 19 — 24
Sat 11 Equipt B~ 7
Sat 12 Equipt Tre= B
Sat 13 Egquipt 9 = Ib

Sat 14 Equipt 16 - 19
Sat 15 Equipt 19 - 24

Sun 1 Occupt gi= 7
Sun 2 Occupt F-= 5
Sun 3 Occupt 9 — 16
Sun 4 Occupt 16= 19
Sun 5 Occupt 19 — 24
Sun 6 Lights Bi.—= 7
Sun 7 Lights = 9
Sun 8 Lights g - 16

Sun 9 Lights 16 — 19

Sun 10 Lights 15 - 24
Sun 11 Equipt 0= 7
Sun 12 Equipt = 5
Sun 13 Equipt g - 16
Sun 14 Equipt 16 — 19

Sun 15 Equipt 19 — 24

Sensible

Gain

185.
138,
0.
120.
150.
12.
64,
0.
34.
Th:
100.
300.
100.
300.
300.
L85
139
0.
120.
150.
12.
64.
£x.
34.
78
100.
300.
100.
300.
300.
1:85.
139.

120.
150.
12.
64,

34.

75.
100.
300.
100.
300.
300.

CoOoCoOD0O0o0D0o0o0O00o000D0000 CoooOoODoDOoO0o0DDOoODoODooDOooDooOo

0

Latent

Gain

T4,
56.

o=l

[ |
OO0 00000 0ONOOMEOOOD 000000 NODOOGOOoODoDOoOODOoOoODOoMNOO
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