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Abstract

Co-generation or Combined Heat and Power (CHRjeissimultaneous generation of both electricity and
heat from the same fuel for useful purposes. Tle¢ Varies greatly and can include coal, biomassjrabgas,
nuclear material, the sun or heat stored in thihear

Co-generation (as a vector of energy efficiency) emewable sources of energy possess their owof set
low carbon benefits. Coupling co-generation anawable sources contribute to a very strong projeosiince
it leads to the supply of both low-carbon electyiand low-carbon heat. In the case of co-genargpiants
fuelled by renewable energy sources, the low-catimnefits of the heat are obvious since they ddrive the
renewable nature of the fuel. However, this alsphan the case of plants feed by other types ef.fSuch
plants produce excess heat alongside electricityeWthis heat, which is an unavoidable by-prodigctised to
satisfy an existing heat demand carbon dioxideJ@@nissions are reduced overall, through a moreiefit use
of the fuel. The distributed generation systemsipce energy close to the point of use, which typiacoubles
the efficiency in terms of fuel inpub-energy output ratio compared to conventional poyesreration in central
plants. This means that the same amount of enesigybe produced with half the amount of fuel, making
distributed generation an effective approach toucewy greenhouse gas emissions. According to affici
government reports, the creation of distributedegation systems will account for at least 5% of igaiction.

In this paper the conceptual design and developmwieah automated co-generation system to apply in
collective residences is presented. After conclgdithe definition of the demanded specifications and
requirements for the co-generation system it issgmied and discussed the developed solution wigh th
identification of the main components, including tkelection and prototype implementation of theeasary
sensors and actuators that integrate the systésmalko shown a systematized approach that censisising the
GEMMA and the SFC formalisms for the structure apdcification of all the system behaviour, consitgall
the stop states and functioning modes of the cemgdion system.

Keywords
Co-generation, Mechatronic Design, ControllersiBe, GEMMA, SFC

Introduction

At the present time, industries, collective builgnprivate houses, etc., need continually moreraoi
electric power and thermal energy. Usually, theessary electric power is supplied by the nationettac
network of energy, that uses biomass, fuel oilydiied petroleum gas, and more recently in Porfuggtural
gas as thermal sources of energy.

The use of the energy sources is not always the cooect and efficient, due to the way the comiounst
of fuels is made and to the great losses duringildigion. The reduction of costs of an explorat{evhatever
the type) considerably depends, on the efficieetafsthe energy. In order to improve the energiciefficy of
the facilities, many studies have been carried tbat lead to great progresses in the improvemerthaf
condition. Cogeneration or combined-cycle poweti@taappears as a very interesting technology ksscéu
allows a great saving of energy and consequenttieduof costs.

In a conventional thermal power plant, no mattew lefficient it is, most of the energy containedtiie
fuel used to power the turbines is transformedeatiihat is lost for the adjacent areas. In gentdrese thermal
power plants convert only about 35% (approximately) of the energy of the fuel in electric energhe

1



https://core.ac.uk/display/55623114?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

N /Q)/m i

h @ /“kt_ eclion
4™ International Conference on Innovations, Recertils IEEE

and Challenges in Mechatronics, Mechanical Enginger
and New High-Tech Products Development

Technical sponsor

MECAHITECH 12 o
International Confteéggge €liC
Bucharest, September , 2012 JI.NCLDMTM
MECAH]TECH' ]2 Co-sponsor

remaining 65% are losses (under the form of h@&®. cogeneration of electric power and heat algears as a
way of changing this situation, increasing the ggeefficiency of the process, close to 85% of tinergy
contained in the fuel. This way, more than 4/5 e fuel chemical energy is converted in usable gner
resulting in economical and environmental advargage

Figure 1 shows the energy balance between a taditsystem and a cogeneration system [1].
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Figure 1 - Energy balance of traditional and cogatien systems [1]

Cogeneration

Cogeneration is defined as being a production m®oedth combined use of heat and electricity, which
results in the use of more than 70-80% of the foetmal energy of the process. However, usuallypgte is
only suitable in situations where the annual eqeiprmoperation exceeds 4500 hours. Figure 2 shows in
schematic way a typical cogeneration unit.

ll"h_ == = Alternator L
Figure 2 - Typical outline of a combined-cycle powtation [2]

The main advantages of the use of cogeneratiobegminted out as the following [3, 4]:
- Reduction of the consumers' dependence;
- Reduction of fuel consumption, and consequeethgrgy bills;
- Reduction of noxious gases emissions, avoiding rtbed to decrease the greenhouse gas
emissions;
- Decentralization of the energy production;
Reduction of the nuclear and hydroelectric engngyduction;
- Increase of the reliability of the energy supply
- Increase of the stability of the electric system.
The potentials users of cogeneration units arditiasiwith the following characteristics [5]:
- Simultaneous and continuous need of thermakdextric energy;
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- Operation period of at least 4500 to 5000 hyeses’,

- Residual heat available with high quality;

- Availability of quality fuels;

- Enough space and appropriate location for thépagent implementation.

It is verified that these characteristics are fownth more frequency in the manufacturing indughgn
in collective buildings. However, the technologi@avancements verified in the design and developroén
cogeneration equipments has been making them atiieenoptions to the production of energy in cdilex
buildings, both residential or offices. In the d¢atthe main thermal needs are for heating, veiufatair-
conditioning and sanitary hot waters; in industrg heeds are also for heating, ventilation ana@iditioning
but also steam and hot water for several uses.

Previously to the implementation of a cogeneratigstem it is of fundamental importance to perform a
good estimation of its thermal efficiency and eanim viability. This is an important productive fact The
optimization of the thermal efficiency will help tdefine a system where certain costs, dictated by
thermodynamic options, can be justified for theimiration of the overall involved costs.

When considering electric power, the main quest®no determine which will be the best way of
obtaining that energy, respecting certain imposedditions, namely in environmental terms, econoiica
investment, equipments maintenance and productipagity. The objective of the optimization consistshe
use of numerical techniques of non-linear optimarato find the values of the variables of the thak system
(temperature, pressure, dimensions and efficieidhe equipments) that minimize the costs of itatan of
the system. They are usually divided in capitats;osperation costs and maintenance costs (ingjuitiel) of
the system [5].

Case study

The case study that was considered to carry osiréisiearch work is related to a hotel with theofeihg
characteristics: 81 rooms, occupancy rate of 78%rame electric consumption of 32504 kWh/month and
maximum heating consumption of 170550 MJ/month.oligh the annual consumption of natural gas the
waveform of thermal power was drawn, as it canlimeoved in the figure 3.
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Figure 3 — Case study: annual thermal power consampt

After obtaining the thermal power consumption, @sanecessary to select the cogeneration system that
better adapted to the case. Two options were ceresid cogeneration system working for twelve moitaksle
1 and figure 4); cogeneration system running farnsonths (table 2 and figure 5). Whatever the opticse of
the cogeneration for six months or twelve, an aaril boiler would always to be used as the cogdivera
system would only guarantee part of the energy sie&tie boiler would work as an auxiliary system to
guarantee the supply of the remaining thermal gnesfiten necessary, and also as an emergency systease
of flaw of the main system.
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Table 1 — Main parameters of the first option fog tase study (1 year)

Thermal power [kW] Functioning mode
Cogeneration system <13 12 months
Boiler <52 in parallel
70
- \\
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5 a0 \\\“ \\\ Boiler supply
: \\\\\\ -
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— 30
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Month
Figure 4 — Thermal power consumption and operdéweel of the cogeneration system (1 year)
Table 2 — Main parameters of the second optiothfercase study (6 months)
Thermal power [kW] Functioning mode
Cogeneration system <23 6 months
Boiler <42 in parallel
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Figure 5 — Thermal power consumption and operdéweel of the cogeneration system (6 months)

From the optimization study of the thermal and ecoic efficiency, the two options were compared; As
a result the second option was selected after dstmatimg to be the most economical solution. Next,
description of the components to be used was maslevell as the operation modes considefidte system
consists of the following essential components:eoggation system (micro turbine), auxiliary boierd tanks.
Figure 6 shows the layout of the installation.
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Figure 6 — Layout of the developed installation

According to the thermal economic study, it wasirtsd that the cogeneration system would have to
cover 35% of the maximum needs of the hotel. Thected system was a micro turbine of low pressateral
gas with a thermal power of 28 kW, associate teat bxchanger of no mixed crossed flows.

In this case the boiler would work as one of thénncamponents, being operational during the 12 mont
of the year, unlike the cogeneration system thatlgvde just for 6 months. The selected boiler nhaste a
thermal power of about 42 kW, in agreement with ghevious study. The selection was a natural gaerbaf
45 kW.

According to figure 6, the installation has fourtaratanks: one for the mains water supply, otheitlie
central heating and other two for the sanitaryvaaters. The mains tank serves as storage for geafdlaw of
mains water supply; the central heating tank wdwdused to make the heat exchange of the cogemerati
system, from the liquid that circulates in the awith the water of the central heating; while thaks of sanitary
water would be to make the heat exchange from digereration systems (tank 1) and boiler (tank 2 wie
sanitary waters.

Process control
The automatic control is designed with the objec®f controlling the thermal power according to the

thermal energy needs of the hotel. The contraob ibe automatic, therefore meaning the need to tsedesors,
actuators and the respective control unit (PLC ecglPammable Logic Controllers)The control flow of the
process variables is described in the figure 7.tl@nother hand, figure 8 shows the layout of theettged
installation with the incorporation of the main @ators and sensors. Two main sensors types wete aise to
measure temperatures (S1, S2, S3, S4, S9, S1014naid the other to measure liquid levels (S5ai%b S7).
Four water pumps (P1, P2, P3 and P4) were considere fourteen solenoid valves (V1 to V14).

Outputs: Actuators

Controller: PLC

Inputs: Sensors

Figure 7 — Control flow of the process variables
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Figure 8 — Layout of the installation with actuatand sensors

Controller structure

A good performance of the process control is okimam importance. From the desired specifications
up to the implementation of a controller program &m automation system, the designer needs to arse s
different and complementary formalisms and toot trelp him in all the necessary steps. Taking auoount
aspects related to systems’ dependability, thegdesimust be able to use these formalisms and togéther in
order to achieve the desired behaviour for theesysiThere are many formalisms and tools to helplésigner
during the process. For the structure of the cdletrd is possible to use GEMMA [6], Multi-Agefidrmalisms
[7] ; for the specifications Petri Nets can be ug8ff SFC [9], Statecharts [10], UML [11]; for the
implementation, the Programmable Logic Controli@sCs) [12], Industrial computers [13], Microprosess
“Brusamolino et al. (1984)", and others. Currerttigre are some suitable formalisms for the devetoprand
creation of the structure and specification of aromated production system controller. Between eéhes
formalisms the GEMMA (Guide d’Etude des Modes derdfia et d’Arrét) [6] and SFC (Sequential Function
Chart) [9], both developed in France, appear tthbestronger. GEMMA is well adapted to define tbatcoller
structure and SFC is well adapted to the completeraller specification. GEMMA is a method that, tre
basis of a very precise vocabulary, proposes alsistpuctured guide to the designer, based onghgral chart
that contains all the run and stop modes, or sthi@sa machine or an automated system can assnortiee
graphical chart GEMMA these run and stop modes svaaystates of the Plant are divided in three rgaiups:
States “A”- Stop states; States “D”- Failure wayat&s; and, “F’- Running ways.

In the present case study, in order to obtain d¢@ SFC controller, which includes all the operati
modes required for the correct operation of theesgsthe graphic chart GEMMA was used becausdatval
the definition of the run and stop machine taskguite 9 shows the GEMMA graphic chart developedtiar
presented case study. The considered tasks anébgeisas follows:
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Figure 9 - GEMMA of the plant controller

Al — “Stop in the initial state” represents thetestaf the turned off system. The tanks can bedulhot,
as well as the water can be to the required terhperar not;

F1 - Coming of the task Al, when the start commaifrtithe machine occurs, it happens the change or th
task F1 "Normal production” (heating water for cahheating and sanitary purposes). As an exarfiglee 10
presents the SFC specification for this task;

A2 — When happens the stop command of the machieeun cycle finishes in agreement with the
condition described at the task A2 “Stop commantthénend of cycle”;

F2 — “Preparation mode” the tanks will be full &hdir water temperature will be put in the desieactl;

F3 — “Closing mode” allows the reverse operatidmattis, the progressive stop of the system with
emptying of the tanks;

D3 — Due to maintenance, technical breakdowns legratituations it can be necessary to switch d@f th
heating systems (boiler or cogeneration micro tehi This way allows that the system only uses aithe
heating systems, while the other could be tempgranoperable;this is the main purpose of task D3
"Production in any way";

D1 — In case of an emergency (press button AUk B “Emergency stop" is executed. This switches
off all heating actions and closes all the solena@ilyes.Finally, the AU button (emergency stop) allows [xags
to task D1 starting from all of the tasks;

A5 — After the emergency stop (task D1), the clegrand the verification are necessary. This is the
purpose of task A5 "Prepare to run after failure;
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A6 — After the procedures of cleaning and verifimatare finished it becomes necessary to perfoen th
return to the initial task of the system, as désxtiat the task A6 "O.P. (operative plant) in thigdl state".

]
40

T XF1

VS V9 B3

l vii, - 51, (T =207

B o

+ V3, V4, V10,
H V8 V9 V7 [ 49 & V10 Bl
—{ Tsna‘;za’)
+ S4o (T = 60) - 54, (T=607) | +5110(r<60":- - 511, (T = 609
) n X20 V10 B1
+X38

V8 V9 B3
J| Vil

. Boiler g +Cogen. . +
OFF + AU+ Close

[
[ §1,(T =207
“’ V10 Bl 53 V8 V9 v7

VB;.VBu N7 VB

A VE V8 V9 B3

JF 55, (V<2201 51.(Ta:ﬂ')

_— £
L Boiler 4 cogen. -+ OFF + AU+ Close

l
56
|

| ssv=2201¢ s1.,(r>2o°) L s5,(v=2200),

— = 1

'- D3+ A2 +D14F3

Figure 10 — Example of a Low level SFC specificafiontask F1 “Normal production”

The implementation of total controller's specifioat based on GEMMA and presented in figure 9, was
carried out using the Vertical Coordination thabadsed on the following main stages:

1 — Elaboration of a high level SFC that directbrislates the base GEMMA of the system behaviour;

2 - Elaboration of multiple low level SFCs corresgdimg to each one of the GEMMA tasks;

3 - Synchronization of the SFCs using the verticardination method.
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Only the more relevant parts are presented heeeGEMMA, which corresponds to the high level SFC,
and one low level SFC corresponding to the F1 {éigkre 10). Elsewhere there is a publication sieadly
dedicated to this subject, of the same authorkisfdaper [15], that presents and discusses astade with the
aim of application the vertical coordination implemtation of total controller's specification basedGEMMA.

All the controller specification of this developsgstem was simulated on Automation Studio Software.
The obtained results led to the conclusion thathelrequirements defined on the Emergency Stopdatds,
were accomplished.

Conclusions

It has been presented in this paper in detail tmeeptual design of an automated co-generatiorrsyst
including the adopted techniques for the deductidncomplex specifications for dependable automation
systems.

This way, it was explained the use of the GEMMA ahd SFC formalisms for the structure and
specification of all the system behavior, consitgriheir stop states and functioning modes. Alse,ertical
coordination implementation of a complex total colr's specification, based on the GEMMA graphidaart,
was also presented.

The obtained results, by simulation with Automatitudio software, show that the adopted approach is
adequate.

Further work will be devoted to the applicationfofmal methods to verify some important system’s
behavior properties (taking into account the digcteehavior of the system) and, in other hand affy@ication
of modeling techniques for hybrid systems and retsgetools for simulation and formal verification.
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