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Abstract
Awareness towards green energy are on the hike and proven by many product being manufactured or pre-required to
be assembled as energy saving devices mainly to save consumer from spending more on utility billing. This paper
mainly due to emergency situation
proposes the idea of
such as fire outbreaks. The SSVPG can also be used in many places that require smoke ventilation or even to reduce
the room temperature as many conventional ventilation system (CVS) do. The difference is SSVPG works
automatically by the usage of sensors that detects the smoke/temperature. It automatically spins the exhaust fan and
mechanically rotating the AC generator which is coupled together with the exhaust fan and then charges the battery.
The innovation of this product is, it does not rely on the utility supply as it is also hook up with a solar panel which
also charges the battery, Secondly, it generates energy as the exhaust fan mechanically rotates. Thirdly, an energy
loop back feature is introduced to this system which will supply for the ventilator fan. Another major innovation is
towards interfacing this device with an in house production of generator. This generator is produced by proper design
on stator as well as rotor to reduce the losses. A comparison is made between the SSVPG and the CVS and result
shows that the SSVPG saves 172.8kWh/year of utility supply which is used by CVS. This amount of energy can save
RM 3.14 from monthly utility bill and a total of RM 37.67 per year. In fact this product can generate 175 Watt of
power from generator(75W) and solar panel(100W) that can be used either to supply other household appliances
and/or to loop back to supply the fans motor. The innovation of this system is essential for future production of other
equipment by using the loopback power method and turning most equipment into a stand alone system.
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1. Introduction
Photovoltaic conversion is the direct conversion of sunlight into electricity without any outsourcing of
utility supply [1]. Public awareness towards green energy are on the rise and this can be prove by many
product being manufactured or pre-required to be made as energy saving devices mainly to save consumer
from spending more on utility billing. These schemes are popular nowadays and many industrial
appliances are turned into energy saving gadget which attracts the attention of consumers. Renewable
Energy resources are most preferable resources for generation of free electrical energy because it is
environmentally friendly. Of all the renewable energy resources, solar power is the most resource mainly
because it is free, unlimited and free from pollution [2]. Approximately 80% of all photovoltaic (PV)
systems are mended into a stand alone system [3] .In spite being abundant and free, the solar energy does
have its limitation of being dependant on the weather conditions and also unable to produce energy during
night fall [4]. This is sometimes the reason a systems that is interfaced with solar panel is combined with
another source producing element thus the name hybrid model [5]. The accumulated power from the
hybrid system is then stored into a battery as a secondary source [6].
Bhubaneswari Parida et. al describes hybrid power generation as a system that combines renewable
energy source such as PV with other forms of generation which is usually a conventional generator
powered by diesel or even another renewable form of energy like wind. The author also says that such
hybrid systems serve to reduce the consumption of non renewable fuel [1]. A hybrid PV system can also
be termed as an alternative electrical source provider (wind, generator, etc) that can support the PV system
in providing sufficient or added energy source. Wang Peng-fei; Feng Tao; Liu Rong-hua investigates the
flow field and deleterious substances by creating a new type of exhaust fan named the swirl air curtain
exhaust fan (SACEH). Simulation results show that SACEH can effectively control the deleterious
substances and greatly improve the suction [7]. Yung Ting; Gunawan, H.; Sugondo, A.; Kun-Lin Hsu;
Jyh-Tong Teng has proposed using the developed nozzle wind collector associated with the popular roof
turbine ventilator employed with gear mechanism to impact and vibrate a group of electro active material
to generate electricity [8]. There are no similar researches done on hybrid PV system regarding the usage
of mechanical rotation to generate energy other than the conventional usage of turbine. It makes this
project a novel approach into the power generation development. This paper describes a new approach
into PV hybrid system in which any external rotating devices is coupled to a generator to utilise the power
generation. Another novel approach is applying both smoke and thermal sensors to automatically turn on
the exhaust fan as it detects over than 25 (room temperature) and more that 600 particles parts per
million(ppm) of smoke.

2. SSVPG System layout
Fig 1 shows the SSVPG layout in which it is supplied with power from PV system as well as AC
generator. This generated power is stored in a rechargeable battery. The design of SSVPG has taken
several phase of implementation. The first is by designing the ventilation system, the next phase is by
programming (microcontroller) the sensors to detect temperature and smoke. Lastly hybriding the model
by using an AC generator and PV panel.
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Fig. 1. Configuration of Smart Smoke Ventilator

3. SSVPG Project Flow
Fig 2 shows the simplified projects overview on SSVPG. As the ventilation system detects smoke or/and
temperature difference. It will automatically turn ON the exhaust fan to provide stable room temperature
and smoke free environment. The exhaust fan spins the coupled AC generator to produce 75W that will
be rectified and then stored in the battery together with the solar power to either loop back to the exhaust
fans or used to supply other equipment.

Fig. 2. Configuration of Smart Smoke Ventilator
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4. AC Generator Source
Generators come in various types and sizes and for many purposes. A.C. generators or sometimes called
the alternators operates the same fundamental principles of electromagnetic induction as D.C. generators.
Alternating voltage may be generated by rotating a coil in the magnetic field or by rotating a magnetic
field within a stationary coil. The value of the voltage generated depends on the number of turns in the
coil, strength of the field. The speed at which the coil or magnetic field rotates. AC Generators takes in
mechanical power and produces electric power unlike AC motors which works vise versa but no matter
what the situation is, there is always some loss associated with the process [9]. The differences between
the input power and output power are the loss that occurs inside it as stated by eq1.
(1)
These AC machines losses can be divided in four major categories such as the copper loss also stated as
the I2R loss, the core loss which is the hysteresis and eddy current loss, the mechanical losses due to the
mechanical effect and finally the stray loss also known as the miscellaneous losses. Fig 3 shows the
design of AC generator.

Fig. 3. In House production of AC generator
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One of the most critical parts of an ac generator design is the insulation of its windings. If the insulation
of a generator breaks down, the machine shorts out. It is expensive to repair a generator when it has
shorted. To prevent the windings insulation from breaking down as a result of overheating (which causes
losses), it is necessary to limit the temperature of the windings. This can be partially done by providing
cooling air circulation over them [9]. This is done to the AC generator shown in Fig 3 to lower the heating
of the windings and lowering the losses of the generator. This generator also has small Voltage regulation
(VR) which is better in the sense that the voltage at the terminals of the generator is more constant with
variation in load. This generator is also design to lower the friction of the shaft so to have a smooth
rotation.
5. Temperature and Smoke Sensors
As discussed earlier, the sensor plays a major part in implementing this project, the sensors are separated
into two parts, one is the temperature sensor and the other is the smoke sensors. These sensors are
initialized in microcontroller flow as stated in the flow chart in fig 4.

Fig. 4. Flow Chart of Microcontroller programming

The implementation of one sensors may suffice but for instance although the smoke sensor provides rapid
response time, it has high false-alarm rates [11, 12] and on the contrary the temperature sensor may
provide reliable result but with a slow time response. In the case of a conventional fire detectors that use a
single sensor, may either fail to activate when necessary or cause false alarms solely due to temperature
changes. Therefore, even for a fire detector that uses a combination of the smoke sensor and the
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temperature sensor will not only provide better smoke sensor compensation but also provide a more
intelligent fire alarm system [10]. The usage of two sensors could provide high sensitivity and efficiency
on the system. Fig 5 shows the smoke and temperature sensor circuit connection. As the input (smoke /&
temperature) is detected, the transistor turns ON and allows either or both relay switches to be ON which
results to the exhaust fan motor being turned ON and suction occurs.

Fig. 5. Smoke and temperature Sensor Circuit

6. Indoors air quality analysis
Before this project is carried out, several criteria on air quality are to be followed according to the
standards. The Standards [13, 14, &15] to be considered is the:
a) Humidity and Temperature
b) Inadequate Ventilation
c) Inside Contamination
d) Outside Contamination
e) Microbial Contamination
f) New Building Materials
Based on this research the humidity and temperature is the only aspect considered and analysed.
According to [13],
Many factors, such as personal activity and clothing may affect personal comfort. Acceptable relative
humidity levels should range from 20 percent to 60 percent year-round [13]. Levels greater than 60
percent in the summer should be considered unacceptable [13]. Elevated relative humidity can promote
the growth of mold, bacteria, and dust mites, which can aggravate allergies and asthma [13, 14, and 15].
Gas for instant carbon dioxide, is a normal element possibly from exhaled breath or other sources. Carbon
dioxide is usually the conventional gas taken into account to measure the room humidity and temperature
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level. The outdoor carbon dioxide level ranges from 300-400 parts per million (ppm) [13, 14, and 15].
The level of this gas are usually greater inside a building than rather than outside which can reach up to
1000ppm.So due to the improper ventilation, it may cause headaches, fatigue and body irritation. It is
suggested that carbon dioxide level should be at minimum 600-1000ppm, with average floor or building
being less than 800ppm. Level exceeding 1000ppm may cause complains on air quality and therefore
should be used as a guideline to improve ventilation. In this project, the air quality level(smoke) which is
more than 600ppm will cause the exhaust fan to spins air off the room to produce comfortable level of air
condition which is free from smoke and heat [13, 14, and 15]. Prototype model of the SSVPG is shown in
Fig 6

Fig. 6. Physical Model of Smart smoke ventilation and power generation (SSVPG)

7. Performance Of SSVPG
7.1. Energy Survey
Before analysing the SSVPG, Several aspects are considered such as the ventilation system usage whether
in the industry or at home users. The data collected in Table 1 are for home users. Table 1 data shows a
summary of an average cooking time per day in a house which is 6 hours. A CVS consumes minimum
80W of power to run the system, so an average of 480Wh energy is consumed. By month the CSH users
will be using 14.4kWh and paying RM 3.14 for this system. Per annum they would be paying RM37.67
for the system that uses 172.8kWh. This amount is a lot for a Suction hood at home which some people
may consider unnecessary luxury. Imagine that at a single purchase of the CVS can cause the consumers
to have liability on their money in terms of paying extra on utility billing or maintenance for a system that
is supposed to make life easy. The innovation of the SSVPG considers this predicament aspect and is
designed in a way not only to work as the conventional product, but also to save money and generate
power so that it is applicable as a stand alone system using this hybrid model. Table 2 shows the data
obtain from the innovative idea of SSVPG.
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Table 1. Energy Survey Suction hood (Home Users)
VENTILATION SYSTEMS
Estimate per meal cooking hours
2 hours
Average Meals per day
3 times
6 hours
(Breakfast, lunch, & Dinner)
Power consume by the suction hood
80W
(Utilities)
Total Energy usage
0.480kWh
80W X 6hours
Total Energy Usage per month
14.4kWh
0.480kWh X 30
Total Energy Usage per year
172.8 kWh
14.4kWh X 12
Utility Billing
RM 3.14/monthly
14.4kWhX 21.8sen
RM 37.67/yearly
Power Source (ESSH)
75W
Generator
100W
Solar Panel

7.2. SSVPG Result
Table 2 shows the data obtained from the SSVPG and is compared with the conventional product. This
data is segregated into power consumes, power generated, energy saved, utility payment, and the
estimated market price. Fig 7 simplifies this data into the important aspect of this paper which is the
power generated and energy saved. Both ventilation system are design to consume 80W of power to show
a fair comparison to this experiment. The SSVPG generates 175W power with its hybrid model and saves
up to 172.8kWh as mention before. This is obtained from the mechanical rotation of the exhaust fan that
generates the generator plus the energy produced from the solar panel. The generator produces 75W of
power as the exhaust fan spins and together with the solar panel which produces 100W of power. This
between the SSVPG and CVS is 100% because of the novelty feature that the SSVPG has.
Table 2. Economical Survey

* SSVPG

**CVS

SAVED

PERCENTAGE
DIFFRENT

POWER
CONSUME
(EXHAUST FAN)

80W
(Battery)

80W
(Utility)

0

0%

POWER
GENERATED
(SOLAR +
GENERATOR)

175 W

0W

175W

100%

172.8kWh

0 kWh

172.8kWh

100%

RM 0.00

RM 37.67

RM 37.67

100%

ENERGY SAVED
(PER YEAR)
UTILITY
PAYMENT
(PER YEAR)
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ENERGY SAVED
(W)
(1000 UNIT)
UTILITY
PAYMENT
(PER YEAR)
(1000 UNIT)

172.8MWh

0kWh(Utility)

172.8MWh

100%

RM 0.00

RM 37,670.00

RM
37,670.00

100%

* Smart smoke ventilation and power generation (SSVPG),
**Conventional Ventilation System (CVS)

Fig. 7.Energy Saved and Generated

8. Conclusion
The innovation of this product is an attempt to create a stand alone system which is free from any utility
attachment. Even though this product shows emphasis on the Suction hood application, but the focused
here are on the energy saving system and its innovation towards a loopback system by the usage of
motor/generator, solar, sensors and batteries as source to power this system. In this study, an automatic
kitchen suction hood named the smart smoke ventilation and power generation (SSVPG) was developed,
implemented and investigated. The novel use of sensors to detect cooking contaminants and also a novel
power loopback system was proposed. A comparison is made between the SSVPG and the CVS and
result shows that the SSVPG saves 172.8kWh/year of utility supply which is used by CVS. This amount
of energy can save RM 3.14 from monthly utility bill and a total of RM 37.67 per year. In fact this
product can generate 175 Watt of power from generator (75W) and solar panel(100W) that can be used
either to supply other household appliances and/or to loop back to supply the fans motor. The innovation
of this system is essential for future production of other equipment by using the loopback energy method
and turning most equipment into a stand alone system. The innovation of this system is essential for

I. Daut et al. / Energy Procedia 18 (2012) 1372 – 1381

1381

future production of other equipment by using the loopback energy method and turning most equipment
into a stand alone system.
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