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Abstract

The availability and continuity of electrical powsources in sensitive building like
hospitals is very important issue. Due to the uilet@ower grid conditions in Gaza
Strip, inefficient amount from the main electrigadwer supplied by public grid, and
risk of electrical power fault occurring daily, s#tive building are provided with
extra alternative supplies (Diesel Engine Genesatorhis thesis will propose a
design (solution) for main traditional electricastibution boards and automatic and
manual transfer switch (ATS & MTS) to ensure auallly and flexibility of
electrical power supply for all loads in hospitateder all circumstances. This thesis
will also propose a control mechanism which contés in reducing fuel
consumption used by power generators by measurowerp consumption and
transferring loads to suitable size generator mcdahigh loading (may damage the
generator) or low loading (high fuel consumptiofated with power produced) on
generators. In this thesis we use KAMAL EDWAN hitslfs electrical power
system as a case study. The results are obtainegddying the proposed control
approach using programmable logic controller, PIb@, wo ensure generator loading
within 40% to 85% of its rated capacity under spkecircumstances that leads to the

best efficiency fuel consumption.

Keywords: PLC, ATS, MTS, Fuel Consumption .
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Chapter 1

I ntroduction

1.1 Overview :

Electricity is one of the important issues in oife.l There are many businesses,
institutions, and industrials that their works degpeon continuously supplied
electricity without interruption. Institutions likehospitals, the interruption in
electricity will lead to dangerous situations likeath of some patients. Because
there is a high possibility of electrical intgption in Gaza Strip, hospitals must be

fitted with alternate electrical sources like gexters.

In Gaza Strip, the public main electrical grid dsts of 207 MW (120 MW from

Israel Electrical grid, 22 MW Egypt Electrical gridnd 65 MW from Gaza Power
Generation Station in ALNOSYRAT) but Gaza Strip dodemands of electrical
power varies between 450 MW (in winter and summed 350 MW (in spring and
autumn) that means the inability to cover the desdn@relectrical power reach up to
40 % (Palestinian Energy and Natural Resources citthPENRA,2015). Due to

the inefficient electrical power obtained from th®ain source, the risk of main

electrical fault occurs daily.

Hospitals get electricity from the public electtycigrid, due to the sensitivity and
importance of hospitals, they are provided witleraéative electricity lines from main
electricity grid, also provided by small and mediupower generators and
uninterruptible power supplies (UPS’s), which wak alternative power supply at
interruption of main electrical source. Internaib Standards requires the existence
of electrical generators and UPSs inside hospibal dmergency situations like
interruption of main electrical supply. Electrigaterruptions result of many reasons
such as loss of transformer, transmission linessuiti breakers, or distribution
boards. Hospitals electrical loads can be usualydeld into three parts : Non-
Essential Loads (NEL), Essential Loads (EL), andryMimportant Loads (VIL). In
case of normal electricity supplies from the maical grid, all parts of hospital will



be supplied from the main supply source. When faulpublic electrical grid,
standby electrical generators will be switched ONl dhe EL and VIL will be
supplied with the required electricity. When famdicurs to the standby generator, the
emergency generator will be switched ON and the Will be supplied with the

necessary electricity.

Electrical Generators vary in size and vary in eleal power output capacity; thus,
they vary in fuel consumption, so large engine gaioes consume more fuel than

smaller one at the same loading conditions.

In Gaza Strip, there are unstable living conditiepgcially when we are talking
about availability of fuel needed for electricahgeator. Due to the size of hospitals
electrical generator units, they consume large arnofifuel. The loads at different
times of the year do not require large amountsnefr@y, so in other words smaller

size generator and less consumption can meet dus od hospitals loads.

In this thesis, we propose a methodology to deslgatrical distribution boards, and
design configuration procedures in running andching electrical generators that
ensures the continuity of electrical to all partshospital loads, and to ensure low

fuel generators consumption at every situations.

1.2 Statement of Problem:

Electrical load demands in hospitals vary all ottez year. During summer and
winter, the loads demands are higher than loadsaddsnduring the spring and
autumn. Thus, the high-capacity dedicated generiat@uitable for loads during
summer and winter periods but not suitable forrgpand autumn. Moreover, it is
even not suitable during summer and winter at exgsnand night periods due to the
large amount of fuel consumption, while the samad$oat those intervals (low
demand periods)can be covered by smaller size gemeavith low fuel consumption.

This problem is noticed clearly at Kamal Edwan hiadms we see in figure(1.1)
(Maintinnce Department in Kamal Edwan Hospital,201Bfter reviewing the

available official documentation of hospital elémt power consumption from



public main electrical distribution network, gernera running hours, and the amount
of diesel consumed by generators, we summarizethalinformation in table (1.1)
for future study and analysis in order to reduaseli consumption and avoiding or
running generator in low load case (Maintinnce D&pant in Kamal Edwan
Hospital,2015), and (Gaza Electricity DistributiGorporation GEDECO, 2015).

350
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Figure(1.1): Total hospital loads curve at summer, autumn, wjr@ied spring.




Table(1.1): Hospital consumption of main electricity, generataunning hours ,and
diesel consumption during 2015 year (Kamal Edwanrspgital - Maintenance
Department in, 2015).

Month KWHs Main 400K VA 700K VA Diesd liters
consumed from | SourceHrs. | Running Hrs. | Running Hrs. | Cons. per month
Main

1/2015 43468 352 392 0 15100
2/2015 45260 364 308 0 10700
3/2015 45532 308 436 0 13980
4/2015 32108 393 327 0 10300
5/2015 66888 454 292 0 9350
6/2015 49432 390 330 0 11600
7/2015 64300 331 393 20 15480
8/2015 39384 302 412 30 18950
9+10/2015 126000 795 644 25 28550
11/2015 54820 403 317 0 13800

1.3 Load Analysisand Analysis of current status:

Table(1.1) shows no indication about 300 KVA getmraecause it cannot supplies
all hospital loads if we use it as main source.s[ithe 300 KVA generator running
hours are not important to be included in thisagafllhe 300 KVA generator rarely
run to preside supply to the hospital becausenitonly if all main sources have been

failed.

Kamal Edwan hospital has three electrical engingeggors: Cummins 700 KVA,
Perkins 400 KVA, and Perkins 300 KVA. Table(1.2pwals three generators with
fuel consumption at varies percentage of loadimgézh generator .



Table(1.2): Fuel consumption for each of generator at varioads(Cummins Power
Generation, 2007),( FG Wilson,2014)

Cummins 700 KVA

Prime(640K VA/512K W)

Perkins400 KVA

Prime(350K VA/280K W)

Perkins 300 KVA

Prime(275K VA/220K W)

Fuel Fuel Fuel
Consumption Consumption Consumption

L oad Output L oad Output L oad Output

(I\hr) KWh\L (I\hr) KWh\L (I\hr) KWh\L
25% 43 2.9 25% 26 2.9 259 20 2.87
50% 73 3.5 50% 36.2 3.8 509 31.2 3.5
75% 104 3.7 75% 53 3.9 759 43.3 3.8
100% 140 3.65 1009 69.6 4 100% 55.5 3.96

From table(1.2), as the loading on generator irgeahen the number of KW

produced for each liter diesel consumed will inseeahat leads to best fuel

consumption efficiency when generators run at 75Pdoading. If loading on

generator is under 50% of loading, it leads to fassconsumption efficiency.

After reviewing hospital load curve, we found haapiloads rarely exceeding 250

KW (excepting peak time at summer) that meansaf 280 KVA generator run, it

will run at extremely low loading so it is not sable for hospital electrical power

system. When the Main electrical line fails, thanstby generator (Cummins 700

KVA or Perkins 400 KVA) will run to supply the esde@l loads and very important

loads. If the two standby generators fail, the gyaecy 300 KVA generator run to

supply only the very Important loads (like operatioand Intensive care unit

departments).

As noticed, there is no proper management in sete@nd running generators to

supply hospital with electrical power. Also the idesng of electrical distribution



boards and changeover switches are not efficieinture electrical continuity for

all hospital loads at emergency situations. Fomegx®a; sometimes, the 400 KVA

generator is switched ON to supply EL instead ¢éctng the 300 KVA generator

as seen in figure(1.2). Another problems we fadeat tthere is no automatic

changeover when electrical loads exceed the cgpafcgenerators that may damage

the generator or reduce generator lifecycle.
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Figure (1.2): Single line diagram for ATS's, MTS's, and Main Hiieal Distribution

Boards In KAMAL EDWAN Hospital

Figure (.2) shows the loads in KAMAL EDWAN hospital dividedto three

partitions: 1-non-essential loads (NEL) like nosedial air condition loads, 2-

essential loads (EL) like Oxygen generator stataom Very Important Loads (VIL)

like operations rooms table(2.3) shows hospital NFHL ,and VIL loads.




Table(1.3): Hospital NEL, EL ,and VIL loads.

NEL EL VIL

Hospital Corridorg Oxygen Generator Station Operations Departmen

—

Air Conditions
Department of Internal Medicine Operations Air Cond

The Surgical Department Intensive Care Unit (ICU)

Elevators, Composers ,and Pump#CU Air Cond.

Air Conditions Maintenance Departmen

—

Pediatric Treatment Laboratory Department

In case of Main Public electrical grid source is @N parts of hospital loads are
supplied with electricity by main grid source. Whaublic main source fails, the 400
KVA generator or 700 KVA generator will run to prozk the needed power for
hospital in order to supply only essential and vergortant loads. Selecting between
400 KVA or 700 KVA generator depends on previousfiguration by adjusting
traditional timers for delaying generators start wpen one of them start first the
second will not start. If the 400 KVA or the 700 K\generator fails (started first),
the second will work immediately. If the two maiergrators fail, the 300 KVA after

certain few seconds will run to supply very impattiads.

The 300 KVA generator as in (FG Wilson,2014 ), aatandby capacity of 300KVA
1240 KW with power factor 0.8; that means the gatwrcan produce 240 KW for
limited duration not for long period. In our sitiaat (main electrical grid be OFF at
least 8 hours) when we select the 300 KVA to predeiectrical power for 8 hours
(long period), then the 300 KVA must work as prigenerator with rated capacity of
275KVA/220KW.

The 400 KVA generator as in (FG Wilson,2014 ), aatandby capacity of 400KVA
/320 KW with power factor 0.8; that means the gatwrcan produce 320 KW for



limited duration not for long period. When we se¢lére 400 KVA generator to
produce electrical power for 8 hours (long peridadgn the 400 KVA generator must

work as prime generator with rated capacity of 388K280KW.

The 700 KVA generator as in (Cummins Power Genandtic.,2007), has a standby
capacity of 700KVA /560 KW with power factor 0.81at means the generator can
produce 560 KW for limited duration not for longripel. When we select the 700
KVA generator to produce electrical power for 8 teo(long period), then the 700
KVA generator must work as prime generator witredatapacity of 640KVA/512
KW.

KAMAL EDWAN hospital loads vary from 65 kW to 350/, that means when load
65kW and the 400 KVA generator run to produce potwesupply hospital loads.
This means that the percentage loads on genesa®®2b resulting in extremely low
load generator operation and that will lead to dgenof generator and reduce its life
cycle and high fuel consumption. But we cannot detee 300 KVA generator
because the structure of electrical distributiomrdowill not allow the 300 KVA

generator to supply all loads.

The 700 KVA generator power at 50% load is 256 KW@/ prevent the 700 KVA
generator go to low load operation the hospitatisomust be greater than 256 kWh.
So we can select the 700 KVA generator to supp$pltal loads at peak load during
summer season for short period (3 to 5 hours).elfare looking at the hospital loads
hours (when loads exceeds 256 kW when main elegtiicoff in July and august)
through the year, it doesn't exceed more than @sh Thus, the 700 KVA must
run only during this period so the generator ruthim safe side only 100 hours over
the year. That means the 700 KVA generator is oialsle for KAMAL EDWAN
hospital.

MTS,s as we see in Figure (1.2) consists of two etemtl case circuit breaker
(MCCB) and mechanical interlock to ensure one of GBS is connected and the
other is disconnected to avoid dangerous shortuitiravhen two of them

concurrently connected. At the entrance of each Mh&re are two MCCBs that



have the same function of MTSs MCCBs and the exigteof these MCCBSs is not
valuable and increases construction cost of MTSs.

1.4 Previous Study:

Valuable researches have been presented in literdtr transferring electrical
power and automatic transfer switches (ATS). Lopafcedures and configurations
used for management power sources and transfezl@agrical power to reduce fuel
consumption and maintenance cost of diesel powerergéor and to ensure

continuity of services have been attracting musleaech interest .

In 2005, Bagen and Billinton (Bagen and Billintdd03) presented a new simulation
technigue to evaluate different operating strateder small stand alone power
systems using wind and/or solar energy. The adganséad disadvantage of these
strategies were analyzed with reference to relighitliesel fuel savings, back-up

diesel average start-stop cycles and average rgiminie .

In 2006, Parise et. al. (Hesla, Paris, and rif@862 proposed a new methodology to
close the gap between the traditional system desitggrity studies and their

counterpart studies associated with system opeadtgafety aspect.

In 2006, Parise and Hesla (Parise, and Hesla,2606duced basic concepts and a
logic method to plan the operating procedures, Waaild facilitate the design and
the training by PC program also: it would offersdring” to face the “labyrinth” of

complex operating procedures.

In 2007,Katiraei and Abbey (Katiraei and Abbey,200Feveloped a design
methodology and analysis approadmefgy-flow model) for unit sizing of an
autonomous wind-diesel system. Hence, maintaining mamimum loading
requirement for diesel units in operation reducée toverall wind energy
contribution to electricity supply of the networkirthg low load periods and/or high
wind conditions. Re-sizing of the diesel units wrgspect to the wind plant and

implementation of appropriate cycling strateg@sptimize spinning capacity of the



diesel plant can help improve the wind energy dbuation. This paper considered a
selected set of commercially available diesel geoes and used the annual load
duration curve of the system to determine optimakel unit sizes that meet: 1-
improve overall diesel plant efficiency and maximithe fuel savings, 2- maximize
total wind energy contribution to the grid. 3-roduce a diesel cycling and dispatch
strategy that maintains adequate loading on maltigsel sets while minimizing the

number of diesel on/off cycling.

In 2009, Parise et. al. (Paris,Hesla, and Rifa@820dealt with the architecture of a
power system and the combination of procedureldaroperation on a nodes system.
It shown the impact of the architecture on the cahensive procedures for a
complex system. To enhance the integrity of powstesn analysis and operation,
the design could adopt the cut & tie rule, intradgaing configuration and floating

nodes. The suggested advanced approach assistdte irelaboration of the

procedures for switching from one set or configorabf a power system to another
and helped the training of operators in defining thstructions to be used in the

development and the operating of each power system.

In 2009 and 2010, Mizani and Yazdani (Mizani anad®ani,2009), and Asato et. al.
(Asato ,Goya, Uchida, and Senjyu,2010 ) talked abwmaiprocess of reducing diesel
fuel consumption costs for diesel generators inlated areas by integrating
alternative renewable energy sources such as empeoglyced from wind and solar

power with diesel generators.

In 2013, Parise et.al. (Parise, Hesla, and Pafi$8)2 resembled the traffic
intersections with node connection of multiple s®st the researcher tried to set a
Transition Theory to simplify the designing of AT$he author in this paper
suggested a new approach for ATS:(double nodeAWS 's) each ATS combined
with three circuit breaker .

In 2014, Parise et.al. (Parise, Hesla, Parise,Rerthacchia,2014) highlighted how
service continuity plans of Business Continuity Mgement(BCM) applied the
switching/operational procedures in a micro-systermpproach founded on the

coordination of the nodes/intersections complyinghwtheir genetic code. The

10



management of a complex system with multiple sauittas to be planned with
guidelines and strategies that consider the difereliabilities of the utilities
sources, the actual system configuration in itéspand the loads exigencies of the
buildings. Operation of a complex system must ne d¢rganized with a
comprehensive approach (macro approach) that stualiethe links among the
system nodes in the transitions of the authorizatlises. It must be organized node
by node with a local approach (micro approach).hnEa@de must respect only the

constraints with the adjacent nodes by applyingcKllogic".

In 2014, Tereshchenko , Pichkalov ,and YamnenK@reshchenko , Pichkalov ,and
Yamnenko, 2014)proposed a control strategy for elliégel consumption as an
aspect of resource saving in hybrid uninterruptiptever systems. Conditions of
rational fuel consumption for diesel generator revebtained. Fast acceleration of
the DG when operating without storage battery(URS)oad requires significant
fuel. Parallel operation of the diesel generatat storage battery allowed decrease

fuel consumption for 10- 17% at acceleration ancetigation intervals.

In 2014, Moshi et. al. (Moshi, Pedico, Bovo, andiBa, 2014) applied General
Algebraic Modeling System (GAMS) and Genetic Algom (GA) to optimize
generation scheduling of four diesel generatora planned microgrid to minimize

power generation costs.

In 2015, Pushpavalli et. al.(Pushpavalli, Nivetaad Dhanasu, 2015) illustrated the
switching in case of high current rating which dges in main ATS or MTS and
reduce its lifecycle.The authors suggested repdamiain ATS by group of relays.
In other world, instead of connecting all loadssiiogle main ATS, they suggested
dividing the loads to multiple groups and eacbugrwas connected to a relay. The
function of relay was to switch between the maippdy and standby supply for
feeding loads with electrical power. To protect st@ndby supply against over load
current, the paper used a PLC to disconnect pddaols to ensure the current within

the standby is rated current.

11



In 2015, Galande and Autade (Galande and Autadg)distrated a low cost ATS
design. The controlling of ATS depended on micraamter chip and on computer

for monitoring.

1.5 Thesis Objectives:

- Develop a novel methodology in designing the mdiectecal distribution
boards and automatic and manual transfer switarasportant Institutions.

- Provide new design with proper procedures and gardiions to ensure the
continuity of electrical power for all situations.

- Use bulled control system via PLC for energizedoprogenerator or generators
to ensure low fuel consumption and low maintenance

- Provide flexibility of the proposed approach tooallmore choices of electrical
power transfer specially in emergency situation .

- Classify and connect the loads to the switchingd®accordingly.

1.6 The Motivation:

During my work in Engineering and maintenance depant in KAMAL EDWAN
Hospital, many problems in electrical distributibnards and in generators | have
been facing on daily basis. | watched, firsthante inefficient of electrical
distribution boards and if we redesigned it witmew approach it will lead us to
increase the flexibility of electrical power traesfand leads us to full benefit from
all available electrical power generators. Thegested approach will also lead us to

reduce generator fuel consumption.

1.7 The Contribution:

The proposed approach in designing electricaliligion boards and automatic and
manual transfer switches will increase the flexipiin transferring electrical power
in important and sensitive Institutions like hoafstthat ensure electrical availability

for every loads in hospital. Availability of usirgny generator to supply hospital
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with electricity whether we can use residual gatwror group of generators when
needing more capacity to ensure full electricityering and decreases the stress on
the generators. The proposed control will reducel fronsumption by selecting
which generator to run to cover hospital electripalver demand without human

monitoring and interference.

1.8 The Methodology :

Redesign of Kamal Edwan Hospital electrical disttibn boards and Automatic and
Manual Transfer switches (ATS's and MTS's ) to ewhithe flexibility and
availability of all generators to supply any loadshospital. This approach will be
satisfied by adding and Rearranging ATS's and BITS'

| Propose to use PLC for monitoring hospital eleat power demand and to select
which generator to run. Selecting suitable generaize will reduce fuel

consumption.

1.9 Thesis Organization:

This thesis is organized into five chapters; Chapter 2 contains general background
about Impact of generator Low Load Operations ated afficiency of fuel
consumption, also it gives brief explanation ablmaid curves and the consequent
definitions; Chapter 3 covers the proposed Electrical Power System sireict
Chapter 4 discuses the control system to incretimgercy of management power
sources and fuel consumption in electric power esysin KAMAL EDWAN
hospital, Results and simulation also presentedhis chapter; Chapter 5 gives

conclusions.
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Chapter 2
Power Generation and L oading

2.1 Introduction:

For decades diesel generators have been usedviol@mlectricity to remote sites.
Gasoline, natural gas and propane are also opfmmgenerators, typically for

smaller electric loads. Propane and diesel genwsrafiter the best levels of service
for full time systems. Gasoline generators are galyecheaper to buy, but more

expensive to operate.

The process of producing energy using diesel gevrsratilizes 10% of the fuel on
the generator itself (as auxiliary power) such awing air, charging battery, water
and oil movement to keep the engine cool and labed, as well as friction by
mechanical parts. 60% of scientific heat of thd fs€onverted to waste heat, which
is displaced primarily through the radiator, bigtoahs radiated heat from the exhaust,
muffler and the engine itself. This leaves the rnaimng 30% to do the work required,
in this case, producing electricity. At best, tifiecce2ncy of diesel generator produces
3.7 kWh of electricity for every burned liter ofediel fuel("Guide to Best Energy"
2011).

2.2 Generator Efficiency:

Generators run most efficiently when they're 80%ded ("Guide to Best Energy"
2011). Table (2.1) shows the relationship betwerh ¢onsumption and the loading
percentages were it indicates that the best pexgens obtained with 100% loading.
At 10% loading, 0.57 liters is required for evefy/k while at 75% loadinggss than
half of that, 0.26 liters per kWh is required.

2.3 Impact of Low L oad Operations:

Diesel engines generators operate optimally at umedo high loads. It is suspected
that operations at low loads may increase operatiproblems; thus, the engine can
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be damaged frequently. It is also suspected that #gative effects of low load
operations may violate the exhaust emission reiguisit

Table (2.1): Fuel Consumption versus load chart ("Guide to Besrgy” 2011).

Load (%) RPM L/kWh
0 1000 LY

0 1800 N/A

5 1800 0.93
10 1800 0.57
15 1800 0.44
25 1800 0.26
30 1800 0.33
40 1300 0.20
50 1800 0.28
75 1800 0.28
100 1800 0.26
Test performed on an Isuzu series 4HK1 tier 3, 2007 100kW machine

A number of diesel engine damages has been repovidthe last few years that

possibly can be linked to low load operations (€uf014,p. 1).

Low load operations of diesel engines are defineceragine operations at loads
below 40% of maximum continuous rating. Engine oadlow 25% are defined as
extreme low loads. Engine loads in the range of808@ is defined as regular
generator operation load (Tufte, 2014,p. 4). Dabns of the entire load range are

presented in Table (2.2).

Table (2.2): Load levels in percentage of maximum continuousigat

0 —25% Extreme low load

25 -40% Low load

40 — 80 % Reagular generator operation load
80 —90 % High load

90 — 100 %6 Extreme high load

Low load operations of diesel engines cause lowénder pressure; thus, lower
temperature. Low temperature can lead to ignitiovbigms and poor combustion
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which causes increased soot formation and aggoegati unburned fuel in the
cylinder. Soot and unburned fuel deteriorate trstopi ring sealing and decrease its
efficiency by allowing hot combustion gases, saatiples and unburned fuel to leak
past the piston rings. This results in increasdxlidating oil consumption and fuel
dilution. Fuel dilution of the lubricating oil redas the viscosity which can collapse
critical oil film thicknesses. This can cause pramawear of pistons, rings, liners
and crank case bearings. The mechanisms of lowlézatito a cycle of degradation
which means that diesel engines that run at lowlddar longer periods of time can
become irreversibly damaged. The damage case psesen engine crankcase
breakage initially caused by piston scuffing froabrication oil breakdown after

excessive low load operations (Tufte, 2014,p. v).

Engine manufacturers agree that low load operataffect the engine operation
negatively, but they do not want to confirm thatvltoad operation increases the
engine damage frequendy is consensus among the engine manufacturetghba

engines must be loaded to at least 50% of ratecepoggularly during low load

operations to prevent operational problems. The timerval and load requirements
can vary from one engine to another and dependmghe engine design (Tufte,
2014,p.vi).

2.4 Generator Optimization:

Generator optimization refers to properly matchimg generators output to the load,
and running the generators in the most efficiemimea. Many remote facilities have
generators that are much larger than the load megjlbecause buying a bigger
generator is comparatively inexpensive. It is thereased fuel consumption of a
larger generator that is the expensive part("GuioleBest Energy”, 2011). A
generator is much less efficient at low load thafuliload. A larger generator will
consume more fuel than a properly sized generd&tactricity demand is not
constant; it has peaks that can be 3 times higher than the low demand times.

Installing two or three generators allows one gatoerto be sized for the low load,

and another to handle the peaks. Many sites anetagit to change generators to a
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more suitable size, or install multiple generatoesause of the “high costs” of new
generators. These are economic fallacies becaest¢h savings is much greater
than the initial extra cost. Small engine workireyder will use less fuel, and will

burn it cleaner. Diesel generators are most effica 80% loading

2.5Load priority panel:

A priority load panel is necessary to automaticalytrol power down of optional
loads. This allows a smaller generator to be ugesheergency situation to ensure
continuity of electrical service for important I@adn the following section we will
review the Load Curve principles that help in dasig and selecting generators
size.

2.6 Load Curve:

The power station is constructed, commissioned @petated to supply required
power to consumers with generators running at rategacity for maximum

efficiency .This section looks at problems asdedawith variable loads on power
stations, and discusses the complexities met irdohgcthe make, size and capacity
of generators units that must be installed in agygwant to successfully meet these

varying energy demands on a day to day basis.

Gw
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Figure (2.1): Daily load curve of a certain power system.
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The load on a power station varies from time toetidue to uncertain demands of
consumers as shown in the Figure (2.1). Energy ddnaé one consumer at any

given time differs from another consumer.

Load curves are useful for generation planning @mable station engineers to study
the pattern of variation of demand. They help ledesize and number of generating

units and to create operating schedule of the ppleert.

2.7 Important definitions:

To realize previous introduction, it is importantrhention that load is divided into
number of categories like private, public, commeaicientertainment, hospitals,
transport, industrial, waterworks, and street light. After preparing the load sheet
for a locality indicating the total load in eachtegory (each category may have
different types of loads such as light, fan, redragor, heater, pump ,etc), load curve
is plotted for each category over a day (usualrgwour or every 30 minutes).Then
the final load curve for the locality is obtained summing them. This is daily load
curve for that locality as shown in the Figure J2.2nd following offers basic
definitions(In Hijo,2011):

Spinning Total
reserve load
{ demand

Peaking

units /\-’\/
Controlled

units

Base-
loaded
Mirs | | L L I Time
0 6 2 18 2 thouts)

Midnight Noon Midnight

Figure (2.2) : Daily load curve respect to range of demand.
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Baseload: The unvarying or minimum regular demands on thd mave.
Intermediate load: The area between minimum regular demands and bagimf
peak loading and reduced when demand is low ofo#tecurve.

Peak load: Various load peak demands on the load curve.

Maximum demand (MD): The greatest load demand on the power station glarin
given period or the highest peak on the powerastdtad curve.

Demand Factor (DF): Ratio of maximum demand to maximum possible load an

this is usually less than one as shown below eguati

Maximum Demand
DF = (2.1)
Connected Laod

Averageload: This is the average of loads on the power statom fgiven period.
Daily average load: Average of loads on a power station in one dayitiscequal to
the total number generated power (KWHTrs) over 2gl Hr

Monthly average load: Average of loads on a power station in one monthitairs
equal to the total number generated power (KWHvs)y @20Hrs(30 day).

Yearly average load: Average of loads on a power station in one yearitiscequal
to the total number of units over year hours (8MHA8€)

Load factor (LF): The ratio of the average load to maximum demand il

approximately equal or less than equal one as betpwtion.

Average Load
DF = (2.2)
Maximum Demand

This means that: High loading factor consequertt Vv cost per unit generated.
Diversity factor (DiF): The ratio of the sum of all individual maximum devda on
the power station to the Maximum demand on theiostatConsumer maximum
demands do not occur at the same time; thus, mawickemand on power station

will always be less than the sum of individual dendsas following equation .

Individual Maximum Demand

Total Station Maximum Demand 2.3)
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This means that if high diversity factor (DiF) esisthen we have low maximum
demand (MD) and so low plant capacity with low istreent capital required.

Plant capacity factor (PCF): The ratio of actual energy produced to the maximum
possible energy that can be produced on a givend€erhis indicates the reserve
capacity of a plant.

Load Curves: A load curve is a plot showing the variation oadowith respect to
time. Load curve of a locality indicates cyclic sdiion, as human activity in general
is cyclic. This result in load curve of a day thaes not vary much from the previous
day. The following load curves are used in powatiGhs:

Daily load curve: Load variations captured during the day (24 Hmesyprded either
half-hourly or hourly.

Monthly load curve: Load variations captured during the month at déffertimes of
the day plotted against No. of days.

Yearly load curve: Load variations captured during the Year, thisesiwed from

monthly load curves of a particular year.

Information obtained by the load curves:

Area under load curve = KWH generated.

Highest point of the curve = MD

(Area under curve) / (by total hours) = Averdopd

Based Load = Minimum Load.

Helps to select size and number of generating .ukledps to create operating
schedule of the power plant.

Thefollowing must be consider ed when selecting the generating units:

Number and size of units to be approximatelyhig annual load curve.

Units to be of different capacities to meet loaquirements.

At least 15-20% of extra capacity for future ampion should be allowed for.

Spare generating capacity must be allowed faater for repairs and overhauling
of working units without affecting supply of minimmudemand.

- Avoid selecting smaller units to closely fit tbaurve.
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Chapter 3

Proposed Electrical Power System Structure

3.1 Modification in generator s Size:

When we looking in KAMAL EDWAN Hospital Load curves figure (1.1) we
found the base load (minimum load demand ) is 65, KW\ the maximum demand
load is 350 KW, and average load is 210 KW, seléd FG Wilson 300 KVA with
rated prime capacity 220 KW to supply hospital kbatl low loads conditions, when
300 KVA generator loading at 40% its output powerBB KW near to KAMAL
EDWAN Hospital minimum load demand. | select FG i 400 KVA with rated
prime capacity 280 KW to supply hospital averagedk) when 400 KVA generator
loading at 75% its output power is 210 KW, so itale for hospital average load
conditions. And | select FG Wilson 500 KVA generatath rated prime capacity
365 KW to supply hospital loads at high loads ¢ooiis.

3.2 Modification in Main Electrical Distribution Board :

Main electrical distribution board in KAMAL EDWAN éspital does not allow the
300 KVA generator to serve all hospital loads. 300A generator only run at
emergency situation when all electrical power sesifcave been fault and it run for
supplying the VIL loads .KAMAL EDWAN Hospital loads several times and for
long periods are low and both main generators (08 and 400 KVA) when it
supplying are running in low loading case and tb&ds in this period it can be
supplied by 300 KVA generator but the Main eleetridistribution board not allow
it to supply except VIL as we see in figure (3.1).

To solve this problem | propose to add MTS4 in Béceical distribution board
which have of two sources ,one from the outputMdiS1 and the second from
MTS3 as we see in figure 3.2. When we need to sugpEL loads with 300 KVA
generator at low load period (specially at sprind autumn seasons) easily switch
MTS4 manually to connect EL with 300 KVA source .
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As we said in chapter 1, there is no need for MpEisr MCCBs and the overall

suggested Electrical Distribution board illustratedigure 3.2 .
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Figure (3.1): 300 KVA generator supplying VIL loads only
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Figure (3.2): Suggested electrical power distribution board
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3.3 System Components Descriptions:

3.3.1 Manual Transfer Switch (MTYS):

The function of MTS is to connect load manuallythvone of two sources that
linked with MTS. The technician person can seleahoally between two sources to
supply loads. Figure (3.3) shows MTS single liregdam.

| Loads I

Figure (3.3): MTS single line diagram

MTS contains two MCCBs. The output of MCCBs are&kdid with cupper bus bar
and connected with load. The input of each MCCe8oisnected with residual source.
The two MCCBs cannot be connected at the same hiesause of mechanical
interlock between them that enable one of MCCB&doconnected only. Figure
(3.4) shows MTS in electrical distribution board.

Figure(3.4): Indoor and Outdoor of MTS board in electrical disition board
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3.3.2 Automatic Transfer Switch (ATS):

The function of ATS is to switch between two sograe order to connect to load
automatically using electrical signal from conturiit. ATS contains two MCCBs ,
as MTS, but with special motor added to each MCUe MCCB motor connects
and disconnects the MCCB using electrical powere MiCCB motor has four
terminals [70 , 71 , 72, 74]; 72 and 74 are supplied with 220 VAC power, when 70

terminal supplied with 220 VAC, the MCCB is discaated but when 71 terminal
is supplied with 220VAC, the MCCB is connected. Ufig (3.5) shows the control

diagram that is used for switching between ATS sesito connect to loads .

Lin1T N.O.1 N.O.2 Lin2
1 T
~“MCB -MCB
| = RLA
‘ /RL1 o ]
= ) L
c2 |'.C1
L1l [RU1] | i co| [TL2
I | ]
AL N2
i N2
/e C1TC1 c2 /c2 /C2
_-lTDL1 ‘
TDL1 TOL2}  [DLZ
|
N1 N2
=[0 =
3 31

M1| 70 7172 74| M2|70 71 72 74

Figure (3.5): Control Diagram for ATS.
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Where:

Cl1.C2

RL1

TL1,TL2,TDL1,TDL2

MCB

M1,M2

NCM1

NCM2

Linl

Lin2

N1

N2

N.O.1,N.0.2

small contactors.

Relay .

Timers .

6A Miniature Circuit Breaker .

MCCBs's motor's terminals.

Normally Close Auxiliary Contact for M1
Normally Close Auxiliary Contact for M2
220 VAC from source 1

220 VAC from source 2

Neutral terminal from source 1

Neutral terminal from source 2

Normally open contact used by control unit for atiteg
MCCBSs's Motors

Figure (3.6) shows the ATS in electrical distrilbatiboard.

Figure(3.6): Indoor of ATS board in electrical distribution bdar
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3.3.3 Generators:

In our proposed approach there are three generdtioss is FG Wilson 300 KVA
generator designated for emergency and low loddati®n, second is FG Wilson
400 KVA designated for medium loads, and third @ Wilson 500 KVA designated
for high loads (FG Wilson,2014 ).

Electrical diesel Generator can be run manuallyaatomatically by setting
generator panel, generator will run automaticajlyshort (by control unit) between 3
and 4 terminals in generator control panel. Figi®.&3 shows FG Wilson generator

control panel.

Figure (3.7) : FG Wilson generator control Panel

3.3.4 Methodology of Control:

Programmable logic controllers (PLCs) have beenirdagral part of factory
automation and industrial process control for desa®LCs control a wide array of
applications ranging from simple lighting functiots environmental systems to
chemical processing plants. These systems perfoamynfunctions, providing a
variety of analog and digital input and output rfdees; signal processing; data
conversion; and various communication protocol$.oAthe PLC's components and
functions are centered around the controller, wh&clprogrammed for a specific
task.

To achieve optimal control for starting and selegtsuitable generator in order to
supply hospital loads while satisfying efficientefuconsumption and avoiding
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running generator at low load situation based apltal loads, | propose using PLC

for monitoring hospital loads and for deciding whigenerator must run to supply
loads with needed power. | used Siemens PLC S3®00 814C 2PN/DP for this
process. S300 CPU 314C 2PN/DP PLC has 24 Digifaltgy 16 Digital outputs, 5

analog input, and 2 analog output that makes tabl& for our proposed control.

In our control system, we need to read 8 digitghals and 3 analog signals from

system sensors, and the PLC will react and takesidas in running suitable

generator and switching ATSs depending on thistismgnals by actuating 9 digital

outputs. Table (3.1) illustrates PLC's inputs aatpuots signals.

Table (3.1): PLC's inputs and outputs signals Addresses andripgsn

Input Add. | Description Output Add. | Description
10.0 Main electrical fail signal Q0.0 Starting 300 KVA generator
0.1 300 KVA fail signal Q0.1 Starting 400 KVA generator
10.2 400 KVA fail signal Q0.2 Starting 500 KVA generator
10.3 500 KVA fail signal Q0.3 ATS1 switching right line
10.4 Signal from MTS4 refers to 300 KVA Q0.4 ATS1 switching left line
generator can supply ESL and VIL
10.5 300 KVA not fail signal Q0.5 ATS2 switching right line
10.6 400 KVA not fail signal Q0.6 ATS2 switching left line
10.7 500 KVA not fail signal Q0.7 ATS3 switching right line
1WS800 Analog signal from Current Transf. CT refers Q1.0 ATS3 switching left line
to current flow measurement on linel
IW802 Analog signal from CT refers to current
flow measurement on line 2
w804 Analog signal from CT refers to current

flow measurement on line 3
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Detailed information about PLC's inputs and outmiggals and wiring illustrated in

Appendix A .

Next chapter showed the PLC reactions to varicwsisons and how it switch ATSs
and running generator to avoid loss of electraagbplying and avoiding running
generator in low load situation. Flowcharts anddadeps discussed in next chapter

to facilitate understanding how the PLC respond.
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Chapter 4

Control, Smulation and Results

The control part will cover three issues: (1) maragnt issue to ensure electrical
service continuity and starting and stopping getioesan the normal scenario and in
emergency scenario, (2) selecting suitable genesate to supply loads depending

on load demand size, and (3) switching procedufeTi8s.

4.1 Controlling and running generatorsin emergency situations:

When electrical power is available from main eleetrgrid, the control system will
not start up generators and will connect loads wittin electrical grid source. When
main electrical grid source fails, the control systimmediately runs one of three
generators depending on load demand (discusseéxinsection) usually the 400
KVA generator. If the 400 KVA generator fails tonror fails while working, then
the control system starts the 500 KVA generatothd 500 KVA generator fails,
then 300 KVA will run to supply VIL. The previousrqredure discussed one
scenario but the control system contains more siwenéor good performance at
emergency situation illustrated in figure (4.1).

In figure (4.1) we found box A which is responsilite selecting suitable generator
size depending on load demands. Box A object svtmd generator low loading or

high loading. Box A will be discussed in detailtire next section. Connecting loads
with sources depends not only on generators stpdiso on switching in ATSs as

discussed in section 4.3.
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Scenario K500

Run 500 KVA

y
Scenario K400

Run 400 KVA

Scenario K300

Run 300 KVA

Stop 300 KVA

Stop 500 KVA
set 300 KVA =et 400 KVA set 500 KWVA
Alarm ON Alam ON Alarm ON
Goto Yes Goto ) Goto Yes
scenario K500 scenario K300 scenario K300
No Mo
Go ta Go to Goto

scenario K400 scenario K500 scenario K400

Figure (4.1): Flow chart for selecting operating generators ireggancy situations

4.2 Controlling, running and transfor ming power depending on L oad
demands:

As illustrated in problem statement in chapter onis, preferable for loading rate on
generators to be between 40% to 80% of its rated maximum load; thus, the

generators run at highest efficiency and low fuglsumption (Tufte, 2014,p. 4).

When we are talking about the 300 KVA generatar capacity when it running as
prime generator is 275KVA/220KW. Thus, at 40% loadion the 300 KVA

generator the power produced will 88 KW and at 80&eing the power produced
will be 176 KW. Therefore, when running the 300 K\¢&nerator, the total load
must not exceed 176 KW. Usually power factor PFHospital loads is 0.9, so we
can use this information to determine allowable imaxn and minimum average

current AVGC in three phases in each of Kamal Edian@spital's generators.
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In the proposed control system, digital currenhgfarmers CT are used to measure
current flow through EL and VIL boards by convegticurrent ampere measurement
to small signals (4 to 20 mA) and send it to th€ PBy using this CTs' signals, the

PLC understands load demands and decides on therghie generator to supply

when the main grid fail to supply and transformlogds from generator to another

when loads exceed 80% of generators capacity qusdumder 40% of generators

capacity. Thus, we must determine maximum and minmnallowable AVGC for

each generators.

To determine the maximum and minimum allowable iogdfor the 300 KVA
generator as prime generator (running in long amaticuous period exceeding 8

hours ), we need to solve the following equation

300 KVA Generator Average current AVGC at 40% afdmng:

= 3*V *l*PF
KW ; (3 Vsl (4.1)

Where: =400 V and PF = 0.9 then AVGC at 40% of loadin@48 A .

The 300 KVA generator average current AVGC At 400%0630%,and 85% of its
loading capacity are 140A, 210 A, 280 A, and 30gpectively.

When hospital load demands are extremely low, 0@ KVA generator can supply
EL and VIL by configuring MTS4 to combine EL boawdth VIL board and by

auxiliary contact inside MTS4 which responsiblarttorm PLC that the 300 KVA

generator can supply VIL and EL.

The PLC saves current flow measurements drawn lyavd EL boards every 10
minutes. Then when main electrical grid fails, tR&C will restore current
measurements and decide which preferable genesater to run for supplying
hospital loads.

When loads exceed 80% of generator capacity, themrdntrol system will start the
larger generator only after a determined time pk(@9 minutes). Giving proper time
period for transforming from generator to anotheduces the number of starting
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generators and reduces the numbensthntaneouslisconnecting electrical power to

the loads that could damage the hospital's systems

When loads exceeding 85% of generator capacityy the control system will
quickly transform loads to larger size generatditerashort period of time (10

minutes). Quick transferring saves generators flamage because of high loading.

Table (4.1) shows the generators electrical powedyred at 40%,60%,80%,and
85% of loading. These values are considered tha mpauts for the control system
to decide which generator to run.

Table (4.1): Average Current ( AVGC ) produced by 300KVA,400KVand 500
KVA generator at 40%,60%,80%,85% of their capacity.

Gen. Gen. AVGC AVGCat | AVGC at AVGCat | AVGC at
Prime at 40% 85% 100%
Capacity | loading | 60% 80% loading loading
loading
loading
300KVA | 275KVA/ 140A 210A 280A 300A 350A
220KW
400KVA | 350KVA/ 180A 270A 360A 380A 450A
280KW
500KVA | 455KVA/ 230A 340A 464A 490A 576A
364KW

The proposed control uses values defined in TahlB {n order to select a suitable
generator that ensures loading on generator rexdeed 80% of generator's capacity
and does not drop below 40% of its capacity. Wioenl$ exceed 80% of generator's
capacity, the system will automatically energize thrger generator and transfers
loads to it. When loads drop below of 40% genelsitoapacity, then the control
system energizes the smaller generator and transizus to it.

32



During normal operation when the main source is (@bblic electrical grid), the
system saves amperes measurements every 10 migesoon as the main
electrical power supply fails, then the system vecs the last measurements in
previous 10 minutes and calculates the averageerurif the average current is
below the 60% of 300 KVA generator's capacity, tkiesn 300 KVA generator will
run to supply loads, or if the average current éolw 60% of the 400 KVA
generator's capacity, then the 400 KVA generatdirrum to supply loads; otherwise,
the 500 KVA generator will run to supply loads. g (4.2) shows the flow chart

with the rules and the logic for selecting genamattepending on load demands.

Seenario K500

Run 500 KA

Scenaro K500

Scenaro K400

No
Scanano K300

Scenarko K400

Figure (4.2): Flow chart for selecting generator size dependmtpad demands
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4.3 Control processin switching of AT Ss:

In this section we will talk about switching andesing sources. The main electrical
distribution board contains three ATSs: ATS1 ispmssible for connecting the
hospital loads with the main electrical grid or hwiglectrical power coming from
ATS2, ATS2 is responsible for connecting ATS1 wilie 400 KVA (right side)

generator or the 500 KVA generator (left side), ah@iS3 is responsible for
connecting loads with the 300 KVA generator (rigite) or with electrical power
available from ATS1.Figure (4.3) shows the flow thtor switching in ATSs

depending on available power source.

s ~,
Start ‘
No$ Yes
Il Fail
ATS1L ON
Yes
e No Scenario K400
RN
ATS3 R OFF
4 i$§§ :i%r;': ATS1 L OFF
ATSTRON
J' S ) No J'
ATS1 L OFF cenario K300
ATS1TR ON ATS3 L ON
ATS3 L OFF ATS3 R OFF
l ATSIRON Go to Start
ATS3 L ON
ATS3 R OFF
Go to Start
Go to Start

Figure (4.3): Flow chart for switching in ATSs

Appendix B shows a complete PLC ladder programithased in the control

process.
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4.4 Simulation and Results:

This section shows simulation and results. To test control approach we will
assume that there is fail in main electric pubtid @nd the hospital getting electrical
power only from its three diesel generators fordaly hours. First we will simulate
the system as currently built in KAMAL EDWAN hosglitelectrical power system,
and then we will simulate our suggested contror@g@gh .The simulation applied for
one day for each season. Simulation process achieyeising Siemens TIA portal
Version 11 and S7-PLCsim. First to facilitate andagine our project, must
construct simulation panel on TIA program as follogvfigure.

_ main fail | () an M% T 00| 8 oo rwn 830: =~ 300]

rnain not fail A ‘
I, 1 [,

l:l Senario K300
[ ] senario k400
[ ] senario ksoo

00006

42l | | wmal| [ f
i |

+000C

+00000

Figure (4.4): Simulation graphic user interface for testing sisgge control system.

When main electrical grid getting OFF 400 KVA geater run to supply hospital
with electrical power every time excepting of feaurs in summer season when 400
KVA generator shutting down due to of high loaditigen 700 KVA generator
starting to supply hospital loads with electric gow

| select three load curves in several day, Firssuimmer (specifically in august),
second in spring (specifically in April), and intamn (specifically in September),
the following figures show three load curves amdetiperiod of running generators
as in existing electrical power system and as sstgdeapproach when the main

electrical grid have been fault .
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In August, In old electric power system as we segure(4.5) loading on 400 KVA
generator is between 50% to 100% but there is nonaatic transferring loads to
700KVA generator when loading on generator excepd@% that may leads to
damage generator, when loading on generator exwpetid0% of 400 KVA
generator capacity then the generator will shutrddue to of high loading and then
system will start 700 KVA generator and supplyingspital with needed power.
There is no automatic transferring loads to 400 Kg&kerator when AVGC drops to
330A (40% loading on 700 KVA generator) that mak® KVA generator running
in low load case and the transferring to 400 KVAIwbne manually by shutting
down 700 KVA generator by expert technician.

AVGC
800

0 i i i i
Hour
a)
SGerm. [ e e e e 1
Rum E 5 g £
o - - - - —— - - - - —— -t — e — E—|:——E---—————----——E——----—————
. e T - -3 e e e
o 4 L i B
o = ao = = [ ——

b)

Figure (4.5): a) Hospital load curve in August for one day andjroe period of
running generators in old system.
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In our proposed electric power system as we sdigume(4.6) 400 KVA generator
running in period between 12:00 Am to 9:10 AM andding on generator between
50% to 85% that ensure of running generator witHowo and high of loading and
ensure running generator with best efficiency @l tonsumption. When loading on
400 KVA generator exceeding 85% 500 KVA will rundadomads will transformed to
it automatically. Also as we see in below figuradong on 500 KVA will be
between 50% to 85% .

AVGC ! T T T
101 ) b e -

700 ] AN R S -
600 —

500 —

400 — A Gen.

300 | om e R S SO SO v EN |
: AVGC at 40% Loading on 500 KVA Gen.

200 o b - -

100 [ === -m e mem e R TR e e e —

Hour

a)
Gen. Run |
i
|
500
400 i
300 |
|

e 2 . - Heaawar
b)

Figure (4.6): a) Hospital load curve in August for one day andjroe period of
running generators in suggested control system.
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In April , In old electric power system as we sedigure (4.7) 400 KVA generator
run for all day and it run in low load case forHdurs.

AVGC 500 ; ! : ! Run
400 = omm e : ””””””” 80% L’E:ia’i:ii’rii_:i’éi-ilﬁd“ir’(\?ﬁ ”””””” [
Oy : 1i0 15 ziu — "y ; o i E Hour
a) b)
Figure (4.7): a) Hospital load curve in April for one day and{ime period of
running generators in old system.

As we see in our suggested approach in figure(8@) KVA generator running and
supplying hospital loads (VIL and EL) and it runlaw load case for 9 hours and we

reducing running generators in low load case hdws 17 to 9 hours in April

month.
avec : ; : ?
| TESEIENEAE S (RN S e
: . : . . i
A0 = s axas jnsenammnsnssnannatnnsnnssn nsn 1. nafhpmns - Run
- . S—— . 80 % Loadingon. i l
: i 300 KVA Gen. :
m_ ................. Jgif ...... L__ .................. ............. 1 ®
: F— § L 5 3
150 ..:......l.—... :...... . i_._"__—' JoccsEash - . 300 ’
4. i T F oo oo ol H i
100} -- .-t +--40-% Loading on -
- I . _300KVAGen. i _
no ; Ijl] 1:L5 20 I I | \
HoY % 5 0 15 2 Hour
a) b)

Figure (4.8): a) Hospital load curve in April for one day and{ime period of
running generators in suggested control system.
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In September as we see in figure(4.9) when mamestretal source have been fault
for all day the 400 KVA generator will run. 400 KWwill be in low load case for 12

hours.
EiT Gen.
AVGC Run
T e T T B
| e B0Y% Loadin on 200 KVA Gen. T 700
L T B e e e R =
300 -------m-mmmmom oo —
| R e DR R e B —
40 % Loadin on 400 400
2 S e - KVAGen...__._______ -
)
— 1 ] 200
T T S T TR R B
B == mmmm e m e e e e e —
[} | | | |
B = EC = 20 Hour % 5 10 15 20
Hour

Figure (4.9): a) Hospital load curve in September for one day Bhtime period of
running generators in old system.

AVGC
ABO [ —

L1 R e T S et SR PP —
o]
o 5. 10 15 20 Hour
Sern.
Rumn
SO0 |- - - oo —
B e e et L R I S —
e e P i e
o
o 5 a0 s .

Figure (4.10): a) Hospital load curve in September for one day Bhtime period of
running generators in suggested control system.
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As see in previous figure 300 KVA generator startin 12:00 Am to 10:00 Am
when hospital loads exceeding 85% of generatongatapacity at 10:00 Am the
system will automatically start 400 KVA and transfeads to it. and then when
loads drops to under 40% of 400 KVA generator gptiapacity at 8:00 Pm the
system will automatically start 300 KVA generatodaransfer loads to it . As we

see there is no low loading on generators.

When we looking in KAMAL EDWAN Hospital generatosgze we found 300 KVA
and 400 KVA generators are suitable for hospitaldio demand but 700 KVA
generator is oversize for hospital load and if nwening it for supplying makes it
operating under low load case and thus reducesgdmerator life cycle and
increasing fuel consumption .So we must replace K@A generator with smaller
one and | suggest replace it with 500 KVA like F@&nh P500-1 with prime
capacity 455KVA(364KW) (FG Wilson,2014), where ippaopriate in KAMAL

EDWAN Hospital loads and it can run and supplyinghaut any worry about low

loading case.
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Chapter 5

Conclusions

The purpose of this work is to find methods to wdliesel fuel consumption in
generators that operate by diesel engine and alseduce generators maintenance

due to low loading operation.

This thesis highlighted the electric power systexwated at Kamal Adwan Hospital
as a case study. Main Electrical Distribution, meinand automatic transferring
switch boards were redesigned. Thus, the studypatgmosed resizing of the existing
generators at Kamal Adwan hospital by replacingléngest generators by smaller
one more suitable for loads in Kamal Adwan hospi@ie control process in
operation of generators and transfer loads fromeggar to another was
implemented using a PLC to ensure the loading ergénerator to be between 40%
to 85% that satisfying best generator fuel conswmpefficiency and avoiding

generators operation in low loading case.

The proposed design empowers all generators tolysugb hospital loads also
contributes in reducing of the time period in whttle generator works in low-load
case; therefore, contributes in improvement of geoe fuel consumption efficiency
and increasing of the generators life. The propesedrol system was simulated and
tested on loads curve at three different days dutie year and was compared with
the existing system at Kamal Adwan hospital. Weiceot that the number of
generators low loading operation hours was decte&®en 17 hours to 9 hours
within one day in April and from 12 hours to zerghin one day in September.

In future work, | would like to insert synchroniginrunning of two or three

generators and loading together in our propose@isy® avoid the needed huge size

generators to meet future expansion.
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Appendix A
PLC Wiring Diagram
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Where:

Siemens CPU 314C-2PN/DP: PLC with 24 digital inputs, 16 digital outputs, 5
analog input , 2 analog output . the PLC suppliéti @4 v DC .

P.F.1: phase frailer detection contains one normally nopentact and one normally
close contact where its function is to detechdre is a fault (phase or neutral lost ,

wrong in phases sequence )in Maine electrical supphot.

P.F.2: have same function as P.F.1 but detect if theagfault in 300 KVA generator

electrical line .

P.F.3: have same function as P.F.1 but detect if thera ifault in 400 KVA

generator electrical line .

P.F.4: have same function as P.F.1 but detect if thera ifault in 500 KVA

generator electrical line .

C.T.1,C.T.2,and C.T.3: current transformersnstalled in the output of MTS1 bus
bar lines to measures current flow supplied t&. B8d VIL . this C.T.s supplied
with 24 v DC and send 4 to 20 mA analog signal t&€ P analog signal transmitted
by C.T.s refers to current flow through CTs vafresn O to 1000 A .

MTS-ES-300: normally open auxiliary built in MTS4 notify the LE that 300
KVA generator can supply ESL .

R1: 24 v DC relay activated by PLC, used to send sigma&al00 KVA generator to

run

R2: 24 v DC relay activated by PLC, used to send sigm&l00 KVA generator to

run

R3: 24 v DC relay activated by PLC, used to send sigm&00 KVA generator to

run

R4: 24 v DC relay activated by PLC , used to send $ignATS1 to switch ATS1 to
connect loads with engine electrical power genesg00 KVA or 500 KVA)
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R5: 24 v DC relay activated by PLC , used to send $ignATS1 to switch ATS1 to

connect loads with main electrical supply grid .

R6: 24 v DC relay activated by PLC , used to send $ignATS2 to switch ATS2 to

connect loads with 400 KVA generator.

R7: 24 v DC relay activated by PLC , used to send $ignATS2 to switch ATS2 to

connect loads with 500 KVA generator.

R8: 24 v DC relay activated by PLC , used to send $ignATS3 to switch ATS3 to

connect loads with 300 KVA generator.

R9: 24 v DC relay activated by PLC , used to send $ignATS3 to switch ATS3 to
connect loads with one of rest of three main ses(rain grid , 400 KVA generator
,or 500 KVA generator) .
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Network 1: monitoring main supply

Appendix B

PLC Ladder Program
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Network 8: senario K300
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Network 16: k400 fail
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when K300 {r —
OverLoadK400
Fall %M30.2
{ | *senario K300
{
{ & —
%ME6.3
"Set K500 when
€400 Fail”
It
1 F
%MEE.S
“Slow Set K500
when K400
OverLoad*
It
1|
%MEE.6
"Fast Set K500
when K400
OverLoad*
It
1|

Network 33: current mesuring c1 added to c2

ADD
Int
END
%MW 100 WMW202
“current1” — IN1 QUT - “curenti2®
HMW200
“current2” — IN2
Network 34: current mesuring c¢12 added to c3
ADD
Int
ENO
WMW202 %MW 206
"curent12” — IN1 OUT - “curent123”

BMW204
“current3” — IN2

Network 35: current mesuring AVAREG CURRENT

51



Int
ENO
%MW 206 WMW208
“curent123" — IN1 OUT - “avaregCurent”
3 IN2
Network 37: Automatic Reset Alarm K300
®DB1
"IFC_Timer_0_DR"
%I0.5 TON %M32.0
“K300NotFail" Time “resetAlarmK300°
—m Q { +—
T#15 — T WMD1
ET - "T1"
Network 38: Automatic Reset Alarm K300
%M31.5
%M32.0 "Display K300
“resetAlarmK300" Alarm®
— I {r+—
%MB0.0
“Reset Display
K300"
_' |_
Network 39: Automatic Reset Alarm K400
%DB16
1L IaF_U_UH_
157
*%10.6 ToN ®M3Z.1
“K400NotFail" Time “resetAlarmK400”
—mn Q { })—
T#15 — PT EF- ..
Network 40: Automatic Reset Alarm K400
HM31.6
%M32.1 "Display K400
“resetAlarmk400" .
—t {r—
%MB0.1
"Reset Display
K400"
_' '_
Network 41: Automatic Reset Alarm K500
%DB17
"lEC_Timer_0_DB_
16"
%10.7 TON Wh32.2
"KSO0NMotFail* Time "resetAlarmKS00"
——n Q { b
T#15 —PFT ET
Network 42: Automatic Reset Alarm K500
%M31.7
%M32.2 "Display K500
“resetAlarmkS00" Alarm®
—t {r —
%MB0.2
“Reset Display
Ks00"
_| p—r

Network 43: Memory
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%DB2
*IEC_Timer_0_DB_
s

%MB0.3 TON HIB0.4
“Memary1” Time “Memory2*
Q { F—
T#5S — BT LMDE
ET- "T2"

Network 44: Memory

%DB3
“IFC_Timer_0_PR_
.
%M80.4 TON %M80.3
“Memary2” Time “Memary1"
—m Q { +—
TH5S — PT %MD10
ET - *T3"
Network 45: Memory
WMBO.3 HWMW208
“Memory1” “avaregCurent” A
L > |
I {int | EN ENO
o HMW208 HWMW210
“avaregCurent” — N OUTT - “avaregCurentM”
Network 47: ATS1 left
%M30.1 %Q0.4
“maln is fail” TATSI L
1 { —
Network 48: ATS3 Left
%Q0.4 %Q1.0
"ATST LY TATS3 LY
— | {
%M30.3 %Q0.5 %Q0.3
"senario K400" "ATS2Z R "ATS1 R"
11 1L |

%M30.4 Q0.6 %Q0,3
“senario K500* “ATSZ L "ATST R
11 L1
i} i |} it
Network 49: ATS3 Right
%M30.2 %10.1 %Q0.7
“senario K300 "K300 Fail” "ATS3 R"
l 1} 1/t { F—
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Network 50: ATS2 Right

%M30.3

5l0.2

%Q0.5
“senaria K400" “K400 Fail" "ATSZ R
I it { —
Network 51: ATS1 Right
%M30.3 Q0.5 Q0.3
“senario K400" "ATS2 R" "ATST R
—t i} { —
HM30.4 %Q0.6
“senario K500" "ATSZ L"
— /A
Network 52: ATS2 Left
ShM30.4 %i0.3 %Q0.6
“senario K500" "K500 Fail" TATS2 LT
F—t 1 { +—
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