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ABSTRACT

IBRAHIM, Ahmed Elsayed IsmailJsing compound parabolic concentration solar
collector in asphalt industry. 2015. 66f. Dissertacdo (Mestrado em Engenharicékiea) -
Faculdade de Engenharia, Universidade do Estadtialde Janeiro, Rio de Janeiro, 2015.

This dissertation presents thermal, economic awd@mental evaluation of a solar
heating system (SHS) which is used in an asphaittgtom computational simulation with
TRNSYS. The process chosen is the bitumen heatog the storage up to the mixing
temperature, using mineral oil as heat transfed f{iTF). The system components are the
HTF-bitumen heat exchanger, the compound parabohcentration solar collector (CPC),
the auxiliary heater and the circulation pump. TRNSYS simulation computes the mass
and energy balances in the HTF closed loop everyr.h&®io de Janeiro typical
meteorological year (TMY) hourly weather data wasdiin order to perform this paper. In
many instances, HTF temperature has reached a tatapethat more than 238°C, showing
that the CPC is suitable for this application. Fsslings and avoided emissions were taken
into account for economic and environmental analylsi this work describes the renewable
energy sources, the asphalt plant and bitumen thégies. It also shows the Brazilian
portion of the some of these sources. The restlitsjgh, made it possible to address
environmentally sound public policies to encouragiar energy use in the Asphalt Industry.
Moreover, it will help in reducing the high emissiof the green house gases from the use
of the fossil fuels in this industry.

Keywords: Asphalt Plant; CPC; Solar Heating; Thdr8imulation.



RESUMO

Esta dissertacdo apresenta a avaliacdo térmioapmica e ambiental de um
sistema de aquecimento solar (SHS) que é usadonm&arusina de asfalto, através de
simulacdo computacional com TRNSYS. O processoll@gdooé o aquecimento do
betume a partir da temperatura de armazenamentotatéperatura de mistura, usando
0leo mineral como fluido de transferéncia de c@trF). Os componentes do sistema
sdo o trocador de calor HTF-betume, o coletor autnador solar parabdlico composto
(CPC), o aquecedor auxiliar e a bomba de circula&&@mulacdo no TRNSYS calcula
0s balancos de massa e energia no circuito fed@dtl' F a cada hora. Dados horérios
do Ano Meteoroldgico Tipico (TMY) do Rio de Janefovam utilizados para executar
este trabalho. Em muitos casos, a temperatura de Hffapassou 238°C, mostrando
que o CPC é apropriado para esta aplicacdo. Ecandmicombustivel e emissdes
evitadas foram consideradas para as analises ea@m@nambiental. Este trabalho
descreve as fontes renovaveis de energia, osdgosinas de asfalto e de aquecedores
de betume. Ele também mostra a fracdo brasileiraalgemas destas fontes. Os
resultados, portanto, mostram ser possivel eraropajiticas publicas ambientalmente
corretas para incentivar o uso de energia solandizstria de asfalto. Além disso, este
trabalho pode ajudar na reducéo da elevada emigsigases de efeito estufa a partir
da utilizagdo dos combustiveis fosseis nesta indust

Palavras-chave: Usina de Asfalto; CPC; Aquecim&uaiar; Simulacdo Térmica.
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INTRODUCTION

The world is moving towards using the renewablergynasources more efficiently
to reduce the usage of conventional energy sowdsconsequently the green house
gases (GHG) emissions. The solar energy can in&gscontribute to achieve this
goal. Sukhatame [1], Kalogirouet al [2] and Luminds Fara [3] , among others who
address the incipient participation of solar enesgyindustrial process heating, due to
some technical difficulties and many economic leasti though the same researchers
emphasize its huge potential. It can be helpfut &as many ways in order to apply it
which are photovoltaic, glazed and unglazed callscand it also can be applied for

heating, industrial or electricity generation pLses.

Although the solar resource is countrywide avadabroughout all seasons, there is
few published works about solar application in Bmzilian industry, as Dantas &
Fonseca-Costa [4]. Brazil had about 150 solar taésuppliers by mid- 2013[5]. Over
a six-year period, Brazil’'s market more than dodbleith nearly 1 GWth added in
2013 for a total approaching 7 GWth [6]. Demandirizen largely by the economic
competitiveness of solar thermal in Brazil and bynicipal building regulations and
social housing programs, such as “Minha Casa, Mwida” (“My House, My Life"),

that mandate solar water heaters in new buildiagsédry poor families [7].

Figure 1 shows that Brazil is one of the top teantbes that use the solar thermal
heating and cooling [5], however it has only 2.Xcpat in this field. This small
percentage is considered as a waste of the salant of Brazil because only china

has 64 percent in this field.
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China
64%
United States 5.8%
Germany 4.2%
Next 9 countries Turkey 3.9% I
239, Brazil 2.1%
= Australla 1.8% .
India 1.6% i
Austria 1.2% —
Japan 1.1%
Rest of the World Israel 1.0% mm
13%

Figure 1Top ten countries that use the solar thermal heatig and cooling [5]

On the other hand, the industrial sector accoum5% of energy use GHG
Brazilian emissions [8]. In 2009, as a result of ttbth Conference of Parties to the
UNFCCC (COP 15), Brazil has committed to reduceabyeast 36% its projected
emissions of greenhouse gases for the year 2020,ami expected contribution of the
industry sector through a voluntary 5% emissionq@ju

In 2013, the total of the industrial sector’s eyangage in Brazil is about 88.3
mega tonne of oil equivalent (Mtoe) makes it tidnenergy usage in all the sectors.
The Sugar cane bagasse (fiber) is the most usesvadre source in this sector by 19.5
percent and the sum of the other renewable prirsauyces is about 7.2 percent. This
percentage still low in consideration of the udeat tare still can be replaced by the
renewable sources. Table 1 showing the usage bfezsrgy source in Brazil at the end
in the industrial sector of 2013 [10], figure 2a@lshowing the percentage of each of
them during the last 30 years [10].
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Table IShowing the usage of each energy source in Brazitigndustrial sector in
2013 [10]

Energy Source Usage (10°°)
Natural Gas 9,737
Steam Coal 3,630
Firewood 7,706
Sugar Cane Bagasse 17,238
Other Renewable Primary Sources 6,349
Diesel Oil 1,154
FUEL OIL 2,677
LPG 1,027
KEROSENE 2
GAS COKE 1,200
COAL COKE 7,807
Electricity 18,067
CHARCOAL 3,661
OTHER PETROLEUM 7,950
SECUNDARIES
TAR 89
100
90
80
70
60
50 ELETRICIDADE
ELECTRICITY
40
OLEO cOMBUSTIVEL
30 FUEL OIL
20
10

Figure 2Percentage of each of energy source in Braziliandastrial sector during
the last 30 years [10]
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As about half GHG emissions from the Brazilian isitly comes directly from
process, very expensive or even impossible to eedvthout undesirable production
cuts, it is expected that the largest mitigationtdbution in the short and medium term
will come from energy efficiency measures and tke af renewable energy sources,
both directed to thermal applications, because sin®®% of the electrical power

production in Brazil comes, already, from renewadaarces [10].

The Asphalt Industry is a fossil fuel consuming,ittng high amounts of the
green house gases (GHG), given that each ton baldspeeds about 10 liters of fuel in
order to reach the mixing temperature [11]. Theiahdor this particular kind of
industry and thermal process was based on datatfrertemperature range for the most
common processes. For the application treatedisnpéper, the compound parabolic
concentration solar collector (CPC) has shown tthbemost suitable type.

There are few studies reported in the literatureulprocess heating using the
solar heating systems (SHS) in the asphalt industaynly done throughout the past 40
years. Henderson, Wiebelt and Parker [12] havetnaeted, operated and researched a
solar-heated asphalt storage system in Oklahoma G8A for two years. The storage
of the asphalt water emulsion which was used ihway maintenance had required the
control of temperatures between about 18 °C and@5n order to avoid physical
separation of the emulsion. The solar-heated asptatage system had performed
satisfactorily and proved to be both cost-effecaw® maintenance-free. Hankins [13]
researched other plant in Texas, USA in which tlarenergy was used to compensate
the energy losses from the high temperature asph#tie environment. Luminosu and
Fara [3] have constructed a laboratory installatimn researching on bitumen
preheating by using solar energy in Timisoara, Ruamand found that the daily

average temperature reached by the bitumen iswithsoftening temperature range.

Gudekar et al. [14] presented an experimental dstration unit of CPC system
for the application of process steam generatioghlighting that it is easy for
fabrication, operation and has a lower cost contpémeother available concentrating
solar collector systems with further possibility tdwering the cost. Panse [15]
constructed a CPC system for steam generatioméusirial purpose which proved to
be economic and efficient. Kalogirou [16] reseattki®e application of solar energy in
sea-water desalination. The parabolic-trough sobdlector was selected mainly due to

its ability to function at high temperatures witiglh efficiency. The economic analysis
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performed, showed that results could be achievémhainvestment cost.

This work presents a technical and economic studlysblar heating system
(SHS) application in an asphalt plant in Rio deedan(Brazil) using the Brazilian fuel
prices. It focuses only on the heating of bitunfemn the storage temperature up to the
mixing temperature, without encompassing any o#dsghalt plant heating processes.
On the other hand, the economic analysis is comg@dour different models in the

system to reach the optimum choice which dependbeenser requirements.

This work also offers an environmental analysisdach model by comparing it
with three different types of fuel heating systefisis will give an idea about how the

asphalt industry is very polluting as the comparisontains the emitted tons of €O
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THEORETICAL FUNDAMENTALS AND LITERATURE REVIEW

. Renewable Energy

Renewable energy is the energy sources that cegphlenished naturally and
continuously and should be naturally produced. éRetbble energies are energy sources
that are continually replenished by nature andvedrdirectly from the sun (such as
thermal, photo-chemical, and photo-electric), iadily from the sun (such as wind,
hydropower, and photosynthetic energy stored imhigs), or from other natural
movements and mechanisms of the environment (sugeathermal and tidal energy)
[17]. This energy sources are the main competfovehe fossil fuel and it takes its
place in many fields of life, such as electric pogeneration, water and space heating.
Renewable energy does not include energy resoderesed from fossil fuels, waste
products from fossil sources, or waste productsifirmorganic sources [18]. Figure 3

shows an overview of renewable energy sources [17].

(Renmble Energy Ruourm)
|

3(“"""”""“") (wrhm J(H\drﬂimn. ) S

o) (e )

[ umq-tuﬂu Mg far
w" 2, (_""" '*'“'f) (‘iuhr Pawer d-mu!-lhncj [ Hintuels )

Figure 3An overview of renewable energy sources [17]

Figure 4 shows that the renewable energy sourcestha potential to provide 3078

times the current global energy needs [19].

2850 times

Biomass
Hydropower . 20 times
1 times . ..

ENERGY  E Seothermal energy
RESOURCES \, 5 times
OF THE WORLD \

Potential of renewable energy sources >

All renerwable enargy sources provide 3078 2 1i
times the current global energy needs Imes

Wave-tidal energy

Figure 4Potential of renewable energy sources [19]



19

1.1Types of renewable energy sources

1.

Biomass is the energy comes from plants, trees and ceopsjs essentially the
collection and storage of the sun's energy thrqigitosynthesis. Biomass for
bioenergy comes either directly from the land, saslfrom dedicated energy
crops, or from residues generated in the procesdingpps for food or other
products [20]. Biomass energy is renewable andagaile, but shares with
fossil fuels many characteristics, one of them bhahing biomass can result in
air pollution. While biomass can be directly burrieabtain energy, it can also
serve as a feedstock to be converted to variougllior gas fuels (bio-fuels).
Bio-fuels can be transported and stored, and ditoweat and power generation
on demand [21].

Geothermal energy is the thermal energy that restored in the esutiterior
and this is coming from trapped steam or watehédarth crust. It is used
mainly in electricity generation and sometimesdteam is used in the
cogeneration applications. It can provides an utddsupply of energy with no
pollution but Start-up and maintenance (due toasdon) costs can be
expensive

Hydropower: the movement of water generates power whichnsexaed to an
electric power using turbines. The most commonaeiare dams. It is
relatively inexpensive way to produce electricityt ban be used only where
there is a water supply.

The renewable marine (ocean) energyomes from six distinct sources:
waves, tidal range, tidal currents, ocean curre@san thermal energy
conversion and salinity gradients, each with défgrorigins and requiring
different technologies for conversion [17].

Solar energy the solar radiation can be converted to energglwis used in
heating fluids or spaces and electricity producti®his paper will concentrate
mainly on this kind of energy and the CSP espgctak CPC collector

Wind power: is defined by the conversion of wind energy bypaviurbines into
a useful form, such as using wind turbines to nelketricity, wind mills for
mechanical power, wind pumps for pumping waterrairgge, or sails to propel

ships [22]. It is clean and inexpensive.



Table 2 shows the renewable energy sources andetigronmental drawbacks
anTable 3 shows the renewable energy sources geneid of usage

Table 2 Shows the Renewable Energy Sources and Eheronmental Drawbacks
[17]

Energy Source | Environmental Drawbacks

Biomass May not be C(nhatural, may release GHG like methane during the
production of biofuels, landscape change, detdr@mraf soil
productivity, hazardous waste

Geothermal subsidence, landscape change, pollwateyways, air emissions

Hydropower Change in local eco-systems, changeeather conditions, social and
cultural impacts

Marine Landscape change, reduction in water mairagirculation, killing of fish
by blades, changes in sea eco-system

Solar Soil erosion, landscape change, hazardoug was

Wind Noises, landscape change, soil erosion, gilbhbirds by blades

START 2004 END 2012 END 2012

New investment [annual)

in renewabla power and fusts: Billion USD: 5 2488 218.4(245.4)

Fenewable powercapacity

{total, nok inchuding fydro) o a3 = o
f‘*;;ﬁ"lﬁ::m;:;’f““ W 800 1,440 1,560
B Hydropower capacity (totalf oW 715 60 1,000
[] Bio-power capacity =) <36 g3 a8
L] Bis-power generation TWh 227 350 408
[ Geothermal powsr capacity GW Bg 11.5 12
(-] Solar PV capacity (total) GwW 25 100 139
.*) Concentrating sofar thermal power {iotall Gy 04 25 14
Wind powercapacity (total) oW 48 283 e

-] Solar hot water capacity {fotailr®

g
&
B
B

TRANSPORT
] Ehano! production [anmusl) pillion Ftres 285 E2.6 a2
[] Biodissal production (ansnual) pillion litres 24 236 263

Table 3Shows the Renewable Energy Sources Usage [5]
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2. Solar Energy

In the last decades the scientists and researstmns to the use of the solar energy
as it is the biggest source of energy and it candeel industrially or in electricity
generation. On average, the energy in the sunshateeaches the Earth is about one
kilowatt per square meter worldwide. Accordinghe Research Association for Solar
Power, power is gushing from renewable energy ssuat a rate of 2,850 times more
energy than is needed in the world. Moreover, ia day, the sunlight which reaches
the earth produces enough energy to meet the ¢wlaal power needs for eight years
[23].

2.1 The Solar Energy Usage Types

The Solar Energy Usage Types Consists Of Two Mgpes:

a. Photovoltaic (PV): The photovoltaic is converting the direct solagrgy into
electricity using a semi conductor inside the phioliic cells. These cells can be
attached together to form a large source of etectrirent through the direct sunlight.
Solar PV combines two main advantages. Firstly, utethanufacturing can be done in
large plants, which allows for economies of sc8kcondly, PV has the advantage that
it uses not only direct sunlight but also the dif.component of sunlight. Solar PV
produces power even if the sky is not completedyaic[24]. On the other hand,
generally, it is expensive on the small scale.

There some countries use this technology in adatessuch as United States as
it has the biggest PV power station all over theldvavhich is topaz solar farm in
California with the capacity of 550 MW. China alsas big production plants, such as
Longyangxia Dam in Gonghe County, Qinghai Provinagéh the capacity of 320
besides Germany which has the biggest capacitylaf BV, Italy, France and many

other countries. Figure 5 shows the top ten coemin PV solar energy in 2013 [5].
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Figure 5top ten countries in PV solar energy in 2013 [5]

b. Solar Collectors: these are devices that collects the solar radiglight beams)
and convert it to thermal energy which is usedéeteicity production or heating
fluids for industrial purposes.

2.2 Solar Collectors Types:

Table 4the differences between the different types of dettors [2]

Motion Collector type AbsorberConcentration | Temp.
type ratio range(°C)
Stationary Flat-plate collector (FPC) Flat 1 30-80
Evacuated tube collector Flat 1 50-200
(ETC)
Compound parabolic Tubular | 1-5 60-240
Single axis | concentrator (CPC) 5-15 60-300
tracking Linear Fresnel reflector | Tubular | 10-40 60-250
(LFR)
Cylindrical trough Tubular | 15-50 60-300
collector (CTC)
Parabolic trough collectarTubular | 10-85 60-400
(PTC)
two axis Parabolic dish reflector | Point 600-2000 100-1500
tracking (PDR)
Heliostat field collector | Point 300-1500 150-2000
(HFC)
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Table 4 [2] shows the differences between the @hffetypes of solar collectors.
So there is difference in the temperature rangedmt the flat plate collector and the

concentrated collectors.

Schweiger et al. (2000) [25] distributed the tenapane ranges into different categories
which are:

i. Low(upto60°C)

ii. Medium (60 to 150 ° C)
ii.  Medium-high (150 to 250 ° C)
iv.  High (above 250 ° C)

a. Flat Plate Collector (FPC)

The most commonly used collectors are the flaeptallectors (FPC) which is
used mainly in domestic heating or water heatifC ks also used in preheating for the
industries that require a high temperature ranpe.figgest FPC system is located in
Saudi Arabia and is for water heating in the Présddoura University. The System is
with the capacity of 25 MW and on area of 36,160umich is in figure 6 [26].

4

\

-

Figure 6the biggest FPC system in the world [26]

b. Evacuated Tube Collector (ETC)
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This type of collectors has operating temperatungelvis more than that for the flat
plate collectors. Generally, it has heat pipe wiigcimside a vacuum-sealed tube (figure

7). However, in some cases it uses the direct filmtead of the heat pipes.

Heat pipe condenszer Manilold

#— Fluid flow

] __-..
1]

I Evacuated tube /

i T

:: / Absorber plate )
] /

1]

:: M Heal pipe evaporator

e

I Cross-sectional detail

Figure 7Schematic Diagram of ETC [16]

The vacuum envelope reduces convective and coneuotises this leads to higher

operating temperature [16]. Figure 8 shows the @at&c tube collector.

ninnnnneeeaneehnn
it

T YT Tt e

Figure 8evacuated tube collector [16]
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c. Concentrating Solar Power (CSP)

The concentrated solar collectors (CSP) are medigimto high temperature ranges
collector. So they are chosen depend on the apiplicand the desired output
temperature, due to the high concentration of thar sadiation. Furthermore, they are
also used in the electricity production. Table pgfaows the CSP global capacity in
2013

Table 5CSP global capacity in 2013 [5]

TOTAL END-2012 ADDED 2013 TOTAL END-2013
MW

Spain 1,950 350 2,300
United States 507 375 882
United Arab Emirates 0 100 100
India 0 50 50
Algeria 25 0 25
Egypt 20 0 20
Morocco 20 0 20
Australia 12 0 12
China 0 10 10
Thailand 5 0 5
World Total 2,540 885 3,425

CSP each type has a different way in applying eg blave some applications needs
tracking and others does not need. Moreover, #okitng can be one or two axis
tracking and also distributed into intermittentifglar weekly tracking) or Continuous
tracking [2]. Figure 9 shows an industrial applicatof CSP in a medicine factory in

Egypt.

The biggest CSP plant in the world is Ivanpah sfalaitity in California (figure
10), USA. which has a net capacity of 377 MW anuh isperation from December
2013 [27]. The biggest in Europe is Andasol in G Spain and net capacity 150
MW.
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Figure 10 Ivanpah CSP Plant [27]

2.3Compound Parabolic Concentration collector (CPC)

CPC is a special type of solar collector fabricatethe shape of two meeting
parabolas. It belongs to the non-imaging family, ibiconsidered among the collector
having the highest possible concentrating ratianiNadly, it does not require tracking
and can accept incoming radiation over a relativatle range of angles by using
multiple reflections [29].

CPC can concentrate diffused radiation, other aainaeng collectors as parabolic
trough and parabolic dish only concentrates thenbeaiation component on the solar
radiation [30].

The height and aperture area for a CPC are cadtlitet per the desired operating
temperature. To reduce the cost the height is gépdéruncated to half as it slightly
affects the concentration ratio [31]. Figure 11vgtohe geometry of CPC.
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Figure 11The Geometry of CPC [1].

The following terms should be presented when dsogsConcentrating Collectors [1].

Aperture Area (A): It is the plane opening of the concentrator tigto
which the incident solar flux is accepted.

Absorber Area (An9: It is the total area receiving the concentrated
radiation. It is also the area from which usefugrgy is delivered to the
system

Acceptance Angle @): It is the limiting angle over which incident ray
path may deviate from normal to the aperture plrestill reach the
absorber. Concentrators with large acceptance awegle to be moved
on seasonally while concentrators with smaller ptzoee angle need to
be moved continuously to track the sun.

Geometric Concentrating Ratio (CR): It is the ratieeffective area of
the aperture to the surface area of the absorgea(en 1).

CR = Au/ Aabs Eq. (1)
Intercept Factor (Y): It is the fraction of focusexergy intercepted by
the absorber of a given size. For a typical corre¢mt receiver design its
value depends on the size of absorber. When thati@dis normal to
the aperture, its value is 1.

Local Concentration Ratio: It may so happen thatahsorber in some
systems may not be fully or uniformly illuminatedus in order to

characterize this local concentration this termagned. It is defined as
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the ration of flux arriving at any point on the aldser to the incident flux
at the entrance aperture of the concentrating syste

» Collector (Thermal) Efficiencyn): It is the ratio of the useful energy
delivered to the absorber to the incident radiatiorihe aperture
(equation 2).
Ne=0dullp Eq. (2)
g v is the rate of useful energy per unit apertura amad 4 is the
incident radiation

» Optical Efficiency {o): It is the ratio of the energy absorbed by the
absorber to the incident radiation on the colle@guation 3).
It includes the effect of mirror surface, shapangmission losses,
tracking accuracy, shading by receiver, absormiwh reflection
properties, solar beam incident angle [1].
Mo=0qu /(@7 lp) Eq. (3)
a, T are the function of angle of incidence of radiatom the aperture

* The useful energy per unit aperture area deliveyeéde absorber is
given by equation 4:
qu="olb— U(CR)(Tc — Ty Eq. (4)
U, is the heat loss coefficient on receiver area
T, and T; are the ambient temperature and collector temyrerat

The concentration ratio is limited as the sun ifirofe size, determined by the
shape factor; the concentration ratio is limitedhry value 1 /sifnax The optical
efficiency for CPC is around 65%, which is 8% masecompared to a parabolic trough

collector [31].

3. Asphalt Plants
3.1Types
There are two most commonly used types of AspHatit®: Batch heater and the

drum mix asphalt plants.

a. The Batch Heater
The batch heater asphalt Plant (figure 12) hasdbacity ranges from 50 to 200
ton/hr. Moreover, it is working in batches, thisane that this type produces one batch
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each time interval while heating the other batcthenmean time. The capacity of the
plant is determined by the type of the mixture t#relbatch size [11].

Batch plants use a weigh pot to weigh bitumen enlthtch tower before the asphalt
cement is dropped into a pug mill for mixing. The 8 mounted on load cells [32].

'E 'in"l

A '+mumm

|1

Figure 12Batch Asphalt Plant [33].

b. The Drum Mix

It has the capacity ranging from 100 to 700 ton/Time aggregates are dried and
heated on a large drum on continuous bases thémr@aogh the mixing process. This
type is recommended for large contracts where lgugatities of the same material are
required over a long period of time [11]. Drum-npitants (figure 13) use a continuous
flow bitumen metering system in order to be mixathwhe aggregates.
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Figure 13Drum Mix Asphalt Plant [34].

3.2Mixing The Asphalt

Asphalt Mix need about 5-10 % of bitumen that sHdaé mixed with 90-95% of
aggregates which should be previously dried in“T5@ remove the moisture from it
[11].

The mixture is delivered at the temperature, betw®&&°F and 375°F (135°C to
190°C) and shall not vary more than 20°F, plusorus, from that temperature, except
that no mixture shall exceed a temperature of 3759B°C) . [35]

4. The Bitumen Heaters

Heating the bitumen is one of the basic functiongsphalt Plants. It is delivered to
the Plant in a liquid state. The bitumen is a vistastic material so the behavior varies
from purely viscous to wholly elastic dependingitsntemperature [11]. Therefore,
must be low enough to allow it to be pumped fromdklivery truck into the tanks.

Figure 14 shows the relation between bitumen teatps and viscosity.
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Figure 14The relation between bitumen temperature and viscay [11].

Therefore, the heaters are the responsible fangais temperature in order to meet
that specified for use (150°C to 190°C). Howevesijrig bitumen temperature is not
easy as an interesting phenomenon occurs as thalbspols. Asphalt in contact with
tank inner surfaces solidifies, creating a highfe&ive insulation. This solidified layer

retards heat loss to a major extent [32].

Two main pumps are usually for the process of hgatie asphalt. The first is
an unloading pump for the delivery truck to thethrgptank while the other is a supply
pump which supplies the mixer by the bitumen fréwa heating tank.

There are two main bitumen heating systems that@renonly used in the asphalt
plants. Both of them use heating fuels.

4.1Direct-Fired Tank

The direct-fired (figure 15) tank is an asphalrate tank that has a burner mounted
on one end of the tank which is directly makegaifito the fire tube that is located
inside the tank in order to heat the asphalt thabsnds it.
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If anything in addition to the asphalt needs tdbated, the tank can be equipped
with scavenger coils. The coils are totally indegsnt from the burner and fire tube.
They are positioned above the fire tube so theynangersed in the asphalt, enabling
them to scavenge heat from the asphalt. Oil is mahtprough the coils, carrying the

scavenged heat to other plant components [32].

d = )

JACKETED EXHALIST STACK HOT QL SCAVENGER COILS LEYELS INDIC ATORS

BURNER MAN FIILE TUBE TWIN RETURN TUEES OVERFLOW PIPE INSULATED BULKHEAD

Cross-section Of Direct-Fired Tank With Scaven

Figure 15The direct-fired Bitumen Heater [32]

This type is more suitable for the small portaldplalt plants because it usually
needs one tank for heating the bitumen only. Howefe efficiency of a direct-fired
tank is about 2 percent higher than that of a Hdteater because of operating

temperatures [36].
Direct-fired tanks has some disadvantages

1. Not suitable for large plants that require morentbae tank.
2. Low rate of heat transfer because the fire tubeaHamited amount of heating

surface [32].
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3. Is the need to always retain enough asphalt itathieto cover the fire tube and
scavenger coils. This requires retaining anywhema f12 to 20 percent of the

tank’s total volume [32].

4.2 Coil Tank

The other type of heating widely used is an indisystem. It employs a hot oil
heater and tanks equipped with heating coils. 8&em heats the HTF as it is pumped
through the heater. The coils can be heated byerdional fuels or electricity.

Large Stationary Plant With Hot Oil Heater And Tanks

Figure 16Hot oil heater Tank [32].

Not all coil heaters (figure 16) have the samecedficy. Subtle design
differences make significant differences in effigg. Critical design factors include the
flame pattern, combustion gas velocity, heat temsfirface area, thermal fluid
turbulence, positioning of the helical coil, efieeness of the insulation and how well

the unit is sealed [32].

Efficiency is up to 92% [37]. Moreover, they canused for plants with any type or
size. They can also use lager burners as they tdesedire tubes [32]. On the other

hand, they are more expensive.
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5. Fuel Emissions

The GHG emission due to the usage of the fossllifuacreasing. The impacts of
GHG emissions and the resulting climate change laaserious impact on the global
economy [38], so the need to control atmosphericsgons of greenhouse and other
gases and substances will increasingly need to dsedoon efficiency in energy
production of green house gases. Figure 17 [39)slibe greenhouse gas emissions in

the amount of C@giga ton.
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Figure 17GHG Emissions in CQ Gton [39]

Therefore, substituting fossil fuels with renewafude industrial usage must be
an important part of any strategy of reducing C@#ssions into the atmosphere and

combating global climate change [39].

Two key concerns are the availability of the fuetlahe cost per Btu. However, the
amount of emissions it produces when burned caanbeverriding factor. Fuels that
produce high levels of emissions are not well-slifier asphalt heating, as it needs
special burners. On the other hand, the most calynesed fuels in Brazil are the
LPG, Natural Gas and fuel olil.
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Il MATERIALS AND METHODS

1. Computational Simulation Tool

Solar energy simulations were executed using TRNSY,Svhich is a
computational tool developed and commercializethieyUniversity of Wisconsin,
U.S.A. ltis used to simulate the transient betwaof systems and is commercially
available since 1975 [40], being developed and tgateonstantly.

The graphical user interface called 11SiBat, onéhefparts of the program package,
can be used for mounting the systems. Each comp@erodeled mathematically by a
system of equations and TRNSYS solves these sys$teraach time interval, using
analytical and numerical methods and informatiowfbetween components.
Moreover, new TRNSYS components can be created BD0RTRAN language
The components have a number of parameters faridgfihe calculation models and
constants that will be used in the simulation. Atleoosing the units that will be part of
the system, the components must be properly coedeittat is, the inputs and outputs
must be properly configured, ensuring the flowrdbrmation.

The interconnections are extremely important bezdlusy determine how to give
the transient data stream, that is, which of thewtated values of the simulation of a

module will be used as input to simulate anothé&t.[4

Case Studied
The case studied is heating bitumen to reach &k&gtemperature (more than

150°C) with mass flow rate of 9 tons/hr in Rio @adiro (Brazil). The industrial site
consists on a medium size industry, using verycglpinachinery that is used in many
of the asphalt plants all over the world, as showfigure 18 [32].
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Figure 18Typical Heating for a small aphalt palnt [32]

The System is to raise the temperature of the tiaasfer fluid (HTF) in order

to achieve the desired temperature of the bituribarefore, the plant will produce

from 90 to 180 tons/hr of asphalt mix. Moreoverneral oil will be used as the heat

transfer fluid due to its high boiling temperatufable 6 shows the properties of HTF

and the Bitumen.

Table 6properties of HTF and the Bitumen in system

Properties HTF (Mineral oil) Bitumen
Mass Flow Rate (kg/hr) 4400 9000
Density (Kg/m®) 822 1010
Minimum Desired 238 150
temperature (°C)

Specific heat 2.13 1.82

capacity(KJ/Kg. °C)
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2. System Optimization
To execute this work there are many optimizatiothoes used in order to
achieve the most appropriate choice for the systmmponents and their specifications.
This application has many parameters that are agohrand changed for reach the best
options that lead to the main purpose of the diggen.
These parameters include the specification of tR€ @hich is used in
TRNSYS besides the specifications for the systeeifit

3. The Solar Heating System Model
The proposed solar heating system (SHS) (figureita®yhich the HTF is

circulating in closed circuit to feed the coil hagttank.

CPC
Collectors On/Off Aux. Heater

_- Hot HTF

solar
colacior tield

Hot
Bitumen

Mixing
Tank

Storage Tank

+ : :
[Bitumen at £5°C)
Control
AT
" Frpey

h AL 5 e

b

s
Cold HTF HIF

Famo

Figure 19 Solar Heating System Model: Solar Heating System btlel

There are some assumptions are taken in consiglesatiile executing this work

which can be summarized in the following points:

- No pipeline heat losses;
- Adiabatic heat exchanger model;
- The oll flows frictionless;

- Isotropic sky solar radiation model;
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- Pump electricity consumption is negligible;

- Heating produced by pump inefficiency is negligjble

- Heat losses during the night will cool down thetoithe environmental
temperature;

- Oil and bitumen have constant properties;

- Taken into account the effectiveness of the hecttaxger is constant is 85%;

- Obviously, assumptions for all TRNSYS component atedised are considered.

- The Fuel Prices are unchanged during the projtectyicle

3.1. Model Components

It consists of a pump with a controller to circeléhe HTF to the CPC’s through
steel pipes, only if there is a net solar energy.gehe HTF will be heated by the
CPC’s then it will flow through the pipes to go the coil inside the coil heating tank at
which the temperature of the bitumen is raised ftbentransportation to the mixing
temperature.

1. Coil Tank

The Bitumen enters the tank (figure 20) at 65°Clevtiie hot oil is piped to the tank
where it heats the tank coils which will heat tltedfmen. Therefore, the Heating of
bitumen will take place in the tank using the fallog equation (equation 5) in order to

reach a minimum temperature of 150 °C.

Q=G (Too— To,) = G (Tro— Tr) Eqg. (5)

In which Qis the heat transfer rate inside the exchangetewhbscripts b, f, i
and o is bitumen, HTF, inlet and outlet respectiv€l, = my Cyp and G =i Cyy is the
heat capacity rates of the bitumen and HTF while fEmperatureh and G are mass

flow rate and specific heat capacity respectively

Maximum temperature difference that can occurs is
ATmax= Tt - Th Eq. (6)

Maximum Possible Heat transfer is
Qmax = Cmin (Tri — To,) Eq. (7)
While Cninis equal to the smaller value of &hd G. Moreover, Quaxis the maximum

heat transfer rate.
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On the other hand, the above equation can calcthlatmaximum heat transfer
rate not the actual. So there is a relation betw@éarctual heat transfer rate) which
should be taken in account called effectivenessThe effectiveness of the heat
exchanger (equation 8) is the ratio between theahbieat transfer rate and the
maximum heat transfer rate [42].

& = Q Qmax= CoATb/ Crin ATmax Eq. (8)
While Qis the actual heat transfer

This is because certainly the heat exchanger wilemchange 100% of the heat
available between the two mediums. Therefore, aftatying many heat exchangers
that is already in market, it is found that 85%eefiveness is good and available in

many exchangers.
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\ Cross-section Of Coil Tank With Hot 0il Heater )

Figure 20Coil Tank Cross-section [32]

Therefore the desired temperature of the HTF s&ecdhfrom 210°C to 238°C in
order to compensate the loss due to the effectsgeokthe Coil Heater.
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It is assumed that the tank is working as coudsy heat exchanger. Then, the
following equations (eq. 9, 10 and 11) [43] areduseorder to get the inlet oil
temperature and the outlet bitumen temperaturedoh working hour all over the year.

Q =& Cuin (T — To,) Eq. (9)
Too= Toi+ (Q/ Gp) Eg. (10)
Tro= Tri- (O C) Eg. (11)

Figures 21 and 22 shows the inlet oil temperatacethe outlet bitumen
temperature respectively in a random chosen dapgltine year and shows the hourly

change of each of them during that day.
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Figure 21inlet Bitumen Temperature
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Outlet Bitumen Temp
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Figure 220utlet Bitumen Temperature

According to a project that is already using thi¢ temk with hot oil heating system in
Canada [44], it was found that the Average Ovetlatt Transfer Coefficient (U) is
about (15 BTU/hrftF) which is (85.17 W/m2 K) for the heat exchangentf oil to

bitumen.

Therefore, equation (12,13) shows the log mean ¢eatpre difference (LMTD)
method [42] was used in order to estimate the mininarea of the heat exchanger for
the design or for the selection processes. TableoWs the specification used for
LMTD method.

Table 7 the specification used for LMTD method

Properties Values
Average Overall Heat Transfer Coefficient (U) 85W7m2 K
AverageATi, 24°C
AverageAT oy 88°C
Q= UAs AT Eq. (12)
_ (ATin-ATout)
ATim = In ( ATin/ATout) Eg. (13)
While ATy = (Tro — Tb,) @and ATow= (Tti — To,0) Eq. (14)

While AT\ is log mean temperature difference, U is the Aver@gerall Heat

Transfer Coefficient and Ain this case, is the pipe external area for traatfer.
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The LMTD method is used for determining the area bkat exchanger to achieve the
outlet temperature of the cold fluid when the nféss rates and the inlet and outlet

temperatures of the hot and cold fluids are known.
Therefore, it is found that the average area of traasfer (A) will be 0.092n

The number of transfer units (NTU) method [43] wiaed in order to verify the above

mentioned area (equation 15). Table 8 shows thafgion used for NTU method.

Table 8 the specification used for NTU method

Properties Values

Average Overall Heat Transfer Coefficient (U) 85W7m2 K
Average area of heat transfer(A 0.092n1

Average minimum heat capacity 2.603 KJ/ °C
NTU = U As/ Crin Eq. (15)

The NTU was found to be 3. Therefore, equation {4@)sed in order to verify the
efficiency with the above mentioned results. Tdbkhows the specification used for

effectiveness calculation.

Table 9 the specification used for effictivhessatopn

Properties Values
Number of transfer units (NTU) 3
Capacity Ratio (c) 0.572

_ 1-exp[—NTU(1-0)]
T1-c exp [— NTU (1-0)]

Eg. (16)

While ¢ = Gyin / Cnax, Which is the capacity ratio Eq. (17)

Therefore, using this equation by the above meatiorariables will lead to
effectiveness 85% which is the same as it was ioeed before.

2. The Pump and the pump Controller

The HTF is circulating through the system with thenp power which is controlled
by the differential controller. This controller hagontrol signal is chosen as a function
of the difference between upper and lower tempegatl, and T. The first sensor
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measures the temperature of HTF in the tank otavedrds the collectors () While
the second measures the temperature of the HTe aixit of the CPC (5]) . The
pump functions when the differential controlleragnizes a preset temperature
difference ATset, on between the sensors. On the contrary, it stoie difference
is less than another predetermined valigg:, os

It is used in modeling in TRNSY'S the simplest cohstrategy, which is to turn off

the pump and motor, if connected, or keep it ofimy different situation from one of

the following:
. The motor pump is on and, Lux - Tro> ATset | off
. The motor pump is off andyhux - Tro > ATset , on

While T, aux IS the auxiliary heater outlet temperature

Temperature differences must be chosen fairlyraoite If they are too far, a
significant amount of solar energy will no longer dllected and utilized by the
system. If too close, it runs the risk of drive legcand short off each other and
extended in duration at times when solar radiasariose to the critical level of
radiation (} ) [45].

3. Compound Parabolic Concentration Solar Collector (®C)

In order to reach the above mentioned temperatueenost efficient solar collector
with the least price that is able to reach it sHdaé chosen.

CPC is the most appropriate in this case as iteach till 300 °C without tracking
system. On the other hand, the Flat Plate Coll¢&#eC) is the cheapest and the most
available but it cannot reach this temperaturelléMeerefore, it can be used only as
preheating solar system or in fluidizing the bittmoaly. On the other hand, FPC is
generally used for domestic solar water heatinglevthe application of CPC lies in
industrial process and power generation.

In the presented dissertation, the total beam #hdsd radiation within the
acceptance angle are determined. Furthermorectafleoncentration and reflective
losses are considered and the effective radiatrdargy the absorber is calculated. This
effective radiation is then used to find the endrgpsferred to the collector flow stream

and the resulting outlet temperature.
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4. Auxiliary Heater

There is an on/off auxiliary heater that hag Aix= 238°C which is the lowest
temperature of the oil to make the bitumen read®&SC. This has a control system to
measure the oil temperature before entering tHéheating tank. When the auxiliary
heater inlet temperature is above the set poinpéeature, the auxiliary heater will not
work so it will not add any heat to the HTF.
If Tiaux = Tset, Aux

Tiaux = ToAux

Mo Aux = 1M, Aux

Qux=0
While Tiaux is the auxiliary heater inlet temperatuti®, auxandm; aux are the auxiliary
heater outlet and inlet flow rate respectively &agy is the auxiliary heater heat
transfer rate
On the other hand, when the auxiliary heater itdetperature is below the set
point temperature, the auxiliary heater will wookadd the heat needed to the HTF in
order to reach 238 °C which is illustrated in egprafl8.

If TiAux < Tset, Auxthen
To.Aaux = Tset

Mo Aux = 1, Aux

Qluid = 1io.Cor. (Tset- Tiaux.) Eq. (18)

Then, the hot bitumen goes to the mixing procesis thie aggregates while the
cold HTF will go again to the collectors througle fump and so on.
This way in heating bitumen is widely used in masphalt plants that are using
conventional fuel.

It is recommended to put a bypass in the systdordéhe collector. This is
because in the colder regions in the rainy or sndayps the CPC will not function
appropriately. Therefore, the bypass will drive HiE- directly to the auxiliary heater

as there will be no energy gain from the CPC.
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5. COMPUTATIONAL SIMULATION

Simulation of the system was executed using twiwswé applications; Excel and
TRNSYS. Each one of them has a certain role inrdalexecute the simulation.

First, TRNSYS was used in order to make the simarlatf the CPC. The
simulation of the CPC cannot done by excel as TR8I§les accurate results of the
heating of the HTF due to the radiation and othetdrs that were taken from the EPW
file. Therefore, the main task was to know the etuttmperature of the HTF from the
collector (To).

Second, Excel simulates the heat exchanger. luseg to determine the Bitumen
outlet temperature from the Coil Tank,El). Moreover, it was used to calculate the
inlet temperature of the HTF inside the colleciy;  which is equal to the its outlet
temperature of the Colil Tank.

Excel application also was used in calculatingséneed fuel due to the usage of the
solar heating system. In addition to the &@oided emissions and other calculations in
the economic and the environmental studies. Fig8rghows the flow diagram of the

simulation of the model.
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Figure 23 Flow diagram of the Model
5.1THE TRNSYS MODEL

The case studied is heating bitumen to reach kswgtemperature in an asphalt
plant in Rio de Janeiro (Brazil). Typical meteogitral year (TMY) data for the city of
Rio de Janeiro were used which were built from Eif®g obtained at LabEEE (2013)
web site [46], loaded to TRNSYS using TYPE 9a congmb. Data consisted on total
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and diffuse horizontal irradiation both hourly (), ambient temperature {land also
the temperature of the bitumen (65 °C) before amjehe coil heating tank

The component called TYPE 16i (table 10) ( radmaprocessor / total horizontal
diffuse known ) contains the equations for the bagatment of solar radiation , with
various parameters such as output , including tiggeaof incidence , extraterrestrial
radiation , the total radiation on tilted surface.

In addition to calculating the transposition of tiwizontal radiation to the
inclined surface of the collector, has advancetlfea such as the calculations for
tracer surfaces (tracking) and over an inclinefeser The latter ones are not used in
the proposed model, but model of Liu and Jordaotropic sky model” was adopted
and implemented.

Available solar radiation was calculated usingifidropic diffuse sky method

developed by Liu and Jordan (1963), detailed ir}.[43he radiation on the tilted surface
is considered to include the three componentsbéaen radiation, the isotropic diffuse
radiation, and solar radiation reflected from theumd.
From the horizontal values of global (1) and di#u4) radiation, available in the EPW
file, the value of beam radiation on a horizontaface (}) was calculated by making
the simple subtraction (equation 19):

lp=I-1g Eq. (19)

Table 10TRNSYS TYPE 16i model.

# Name Corresponding choice
1 [Horizontal radiation mode |5 (I and Id)
2 [Tracking mode 1 (fixed collector)
3 |Tilted surface mode 1 (isotropic sky model)
4 |Sarting day 1
Parameter$s |Latitude & = -22,9° (Rio de Janeiro)
6 |Solar constant Solar ConstanGg = 4.871, kJ/h.m?
7 |Shift in solar time 0° (no shift)
8 |[Notused |-
0 |Solar time? -1(No change)
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Total radiation on

1 _ I (TMY file)
horizontal
[Diffuse radiation on _

2 _ lg (TMY file)
horizontal

Inputs 3 |Time of last data read 1 (TMY file)

4 [Time of next data read 1 (TMY file)

S |Ground reflectance pg=0,2

6 |Jope of surface p =|D| =22,9°

7 |Azimuth of surface y = 0° (on equator)
|Extraterrestrial on

1 _ Ho
horizontal

2 |Solar zenith angle 0,

3 |Solar azimuth angle Vs

4 [Total horizontal radiation |l

. |Beam radiation on |
horizontal °

Output . . —

6 |Horizontal diffuseradiation |l4

7 [Total radiation on surfacel (It

8 |Beam radiation on surface 1 |l

O |Sky diffuse on surface 1 I g

0 [Incidence angle for surface
1

11[{Sope of surface 1

|l3

After the solar radiation processor, the compousi@lipolic concentration solar

collector should come. This is because the procsssotputs are allocated as inputs

for the CPC which is the heating device in theaysthich heats the heat transfer fluid

(HTF).

The type 74 (Table 11) is the CPC which also neadgher inputs and parameters that

are common in many collectors because it dependiseomaterials used for it
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Table 11ITRNSYS TYPE 74 CPC

# Name Corresponding choice
1 |Number in series 1
2 |Collector area Total area of the collector

3 |Fluid specific heat Cp = 2.13 kJ/kg.K

Collector fin efficiency
4 0.9
[factor

Overall Loss Coefficient|1.51

\Wall reflectivity 0.9

5
6
7 |Half-acceptance angle [36°
2 Truncation ratio 0.67

Paramete

o _ 1 (receiver axis is horizontal and in a plane witsiope
9 |Axis orientation
‘transverse”)

Absor ptance of absorber

10 0.95
plate

11 [Number of covers 1
Index of refraction of

12 1.526 (glass)
cover

[Extinction coeff.
13] 0.0375
thickness product

1 |Inlet temperature T; (inlet temperature of the fluid)
2 |Inlet flowrate mi (inlet mass flow rate of the fluid)
3 |Ambient temperature [T,
4 |Incident radiation It
Total horizontal
Inputs K radiation |
5 [Horizontal diffuse I
radiation

7 |Ground reflectance pg= 0,2

8 |Incidence angle 0

9 |Zenith angle 0z
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10|Solar azimuth angle s
11|Collector slope s =|D| =22,9°
12|Collector azimuth angle [0 (collector azimuth is facing the equator)

Outputs

Outlet temperature

To

Outlet flow rate

rio (inlet mass flow rate of the fluid)

3

Useful energy gain

Q

The pump and its controller are also working inevrib feed the CPC so they

have the inlet temperature and flow rate of the @PtGe outputs of the Pump and the

controller is only to check if the fluid temperagureed to be pumped into the CPC to

gain more heat or not.

Table 12 and 13 showing type 3d pump and type 2tppeontroller

respectively and their parameters, inputs and dsitpu

Table 12TYPE 3d Pump

# Name Corresponding choice
1 |Maxi mum flow rate m
2 |Fluid specific heat Cp = 2.13 kJ/kg.K
Parametels
3 [Maximum power N/A
4 |Conversion coefficient [0
1 |Inlet fluid temperature [T;
Input 2 |Inlet mass flow rate m
3 |Control signal Sig
1 |Outlet fluid temperature |Inlet temp. For CPC
Output |2 [Outlet flow rate Inlet mass flowrate For CPC
3 |Power consumption  |-----




Table 13TYPE 2b pump controller
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# Name Corresponding choice
o 3 (The number of control oscillations allowed ireg
1 |No. of oscillations )
Parametells time step)
2 |High limit cut-out 320 °C
1 |U pper input temperature Th{T,
2 |Lower input temperature Tl [T;
3 [Monitoring temperature Tin|[T;
Input
4 |Input control function ~ |-----
5 |Upper dead band dT Temperature difference for turn on the punhpse on
6 [Lower dead band dT Temperature difference for turn off the pumfis of
Output 1 [Output control function Sig

The TYPE 25¢ module completes the set of emplogegonents, performing the

function of registering in text file type simulatioesults for each hour of the year.

The connections between the modules for modelinggsal have been made to reflect

the correspondence between the variables employthiki study and the parameters,

input and output modules as described in the abwmioned tables. The resulting
model is shown in (Figure 24), which was built frtime TPF file ("lISiBat"), formatted

to improve visual understanding and with additibs@me external visual elements to

TRNSYS.
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Figure 24 TRNSYS model

6. Economic Analysis

The whole economic modeling uses the United S@tksrs (USD). Price surveys
were carried out on April/2015. The exchange rawenfBrazilian reais (BRL) to USD
is 3.04 BRL/USD [47].

The SHS is used in order to raise the temperatutieobitumen from the storage
temperature (65°C) to the mixing temperature o6(13 to 190.6 °C) [35], on the other
hand, it should not exceed (230°C) in order to en¢\auto-ignition [48]. The system
used in this research can make a maximum temperaitirbitumen below this
temperature and with minimum temperature of 150Ps is because the heat losses
are excluded in the coil heating tank. It can pethe efficiency of the coil heating tank
till 90 percent.

In order to reach this temperature range by comwealt fuel, will be so costly and
will emit GHG. On the other hand, it is not codeefive to operate the system solely on
solar energy due to the relatively high cost ofegaipment and the high percentage of
inactive time. Therefore, there is an on/off alaxyt heater that hassdg= 238°C which

is the lowest temperature of the oil to make therben reaches 150°C.
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On the other hand, the difference is calculatedhm amount conventional fuel
between the FHS and each model of the SHS sysfEnesefore, it is translated to
amount of money depends on the price of the fuel.

Q=11 Gy AT eq. (20)
WhereAT in equation (20) in the points that did not rettod mixing temperature is:

1. Fuel System: the difference between the exit aedrilet temperature of bitumen
which is equal to (150°C — 65°C)

2. SHS: the difference between the set 238 °C anthteetemperature of the HTF in

the auxiliary heater.

It was found that there is a lack of informatioroabthe price per ffor the CPC
due to its rareness. However, there were one eadyr installed in India by Enersun
Power Tech Pvt. Ltd [15]. The Price of the CPC péis 100 USD. On the other hand,
it was an experimental model so the price of a Biat is already installed is the most
suitable for this economic evaluation. The pricettd PTC is 194.7 USD/{49].
Table 14 show the specifications used for the econanalysis.

By using the Brazilian price in Brazilian Real (BRher barrel of oil equivalent
(BOE) of each fuel (Table 15), a yearly differenmas calculated in USD using the

discount rate of 15% and the operating life-cydlé®myears.

Table 14 Specification used for the economic amglys

Properties Value
Project Life Cycle 15 years
Price of the CPC (including installation) 194.7 USD

Table 15Brazilian fuel prices [50].

Fuel Type Price/
BOE.

(BRL)

LPG 442

Fuel oil 264
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Natural gas 246

In order to calculate the fuel savings and testehsibility of the study, solar
fraction (SF) should be taken into consideratidnisTs because the fuel savings solar
factor (equation 21) depends on the yearly fuelngmv(equation 22) and the amount
the fuel prices also. In which the solar fractisrtie amount of the fuel saved each year

by using the solar heating system.

fuel consumption by SHS

Solar Fraction = lfuel consumption by FHS €q.
(21)

Yearly Fuel Savings= fuel Prices x FHS fuel constiompx SF eq.
(22)

7. Environmental study

Environmental study in this work is concerned alibet emissions avoided due to
the difference of the amount of fuel used each.\earas calculated in a yearly basis in
ton of CO2 using the official Brazilian official ession factors (Table 16); those are in
accordance with the International Panel of Clim@btanges (IPCC) [8]. Moreover, the

low heat value (LHV) and density of each type dlfitom the biomass data book [51].

Table 16official Brazilian official emission factors [8].

Fuel Type Emission Factors
(tCO )
LPG 2.91997
Fuel Ol 3.09436
Natural gas 2.61934

Avoided emissions depends on the fuel savings walsich is interpreted to tons.
Equation 23 shows how the avoided emissions acelleadd to give results in the units
of (tCQy/year) for each type of fuel and also for each rhotlthe three models.

Yearly Avoided Emissions= Emission Factor x FHS ftaasumption x SF eq.
(23)
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[l RESULTS
In order to reach this temperature Range with egskem were calculated the British
Thermal Units (BTU) required monthly and yearlythe system need a yearly total of
4.4x10 BTU.

was used to avoid entering the oxidizing or theo-agnition range for bitumen [48].
Therefore, the biggest area that serves the abmmtioned purpose was 700°m
Moreover, the three models (table 17) that weréetebave a variation step in area
equal to 100 h

Table 17 The three Models and their areas

Model Number Area

Model 1 500 M
Model 2 600 M
Model 3 700 M

1. EconomicAnalysis

The three models are explained economically inkhsis of solar fraction, fuel

savings, net present value (NPV), Payback periodm@ternal rate of return (IRR).

In order to give more understanding for these tetims following explanation for
each term is required:

NPV: the sum of the discounted cash flows minus thgral investment. These
cash flows suffered a discount by the discount (gten order to interpret the
change in the value of money during a given pefb@j. It is explained in equation
24,

NPV = ypzi =t

D=1 (1 4i)n

eq. (24)

Payback Period The length of time required to recover the cdsam investment
[52]. So it is used the discounted cash flows in ordemioimize the risk of the

future changes calculations.
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IRR: it the discount rate which equates the summatioiine net present value of
the cash flow throughout the project lifecycle he tnitial investment cost (equation
25)[52].

. . n=N CFn
Initial investment cost 2727 (1+IRR)" eg. (25)

Assuming the highest value found for carbon credite calculation results in
lesser than 10% of its yearly incomings. Since tfzeibon credits depends on a special
negotiation and there is no assurance that itheiljained, so the carbon credits are not

added in the economical evaluation.
a. Model no. 1 Comparison
In the first model that is used in this work hasoHector area of 500 ™

Figure 25 The Monthly Btu required from conventibRael for the bitumen
heating between Fuel and Solar Heating Systemguréi26 shows the Hourly outlet
HTF temperature for January.

Model 1 (A_= 500 m?) Fuel Consumption
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Figure 25Comparison monthly BTU required
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Figure 26Hourly outlet HTF temperature for January for Model 1 (As= 500 nf)

Equation After calculating the net BTU required bgth systems the yearly Solar
Fraction found is about 59.1 %.

Table 18 shows the properties of each type of tiluat is used in the comparison and
the economic criteria all over the life-cycle oét@PC.

Table 18the amount of solar fraction and its economic statsi

Fuel Type Yearly Fuel NPV Payback Period IRR
Savings (USD) (years)
(USD)
LPG 66282 290,226 2 68%
Fuel oil 39589 134,144 4 40%
Natural gas 36890 118,360 4 38%

Model no. 2 Comparison
In the first model that is used in this work hasoHector area of 600 ™

Figure 27 The Monthly Btu required from conventibiael for the bitumen
heating between Fuel and Solar Heating Systemgur&i28 shows the Hourly outlet
HTF temperature for January
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Model 2 (A_= 600 m?) Fuel Consumption
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Figure 28Hourly outlet HTF temperature for January for Mode | 2(As= 600 nf)

After calculating the net BTU required by both gyss the yearly Solar Fraction
found is about 66.8%.

Table 19 shows the properties of each type ofthaglis used in the comparison and the
economic criteria all over the life-cycle of the CP



Table 19%the amount of solar fraction and its economic statsl
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Fuel Type Yearly Fuel NPV Payback Period IRR
Savings (USD) (years)
(USD)
LPG 76233 328,943 2 65%
Fuel oil 45333 149,428 4 49%
Natural gas 42428 131,275 4 36%

b. Model no. 3 Comparison

In the first model that is used in this work hasoHector area of 700 M

Figure 29 The Monthly Btu required from conventibRael for the bitumen

heating between Fuel and Solar Heating Systemguréi30 shows the Hourly outlet

HTF temperature for January

Model 3 (A_= 700 m?) Fuel Consumption
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Figure 29Comparison monthly BTU required
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After calculating the net BTU required by both gyss the yearly Solar Fraction
found is about 72.9%.

Table 20 shows the properties of each type ofthalis used in the comparison
and the economic criteria all over the life-cyctete CPC



Table 20the amount of solar fraction and its economic statsl

Fuel Type Yearly Fuel NPV Payback Period IRR
Savings (USD) (years)
(USD)
LPG 85952 366,302 2 63%
Fuel oil 51338 163,901 4 37%
Natural gas 47837 143,433 4 35%

2. Environmental Study
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The three models are explained environmentally alcutating the amount of

avoided emissions in the units of €@@ns per year (t Cfyear). These units used

because it should be interpreted to carbon crediish can give more profit in the

economic analysis if it is used.

a. Model 1

Table 21 Emissions avoided for 5068 model

Table 21Emissions avoided for model 1

Fuel Type Saved fuel tons| Avoided emissions
(t/year) (t COylyear)
LPG 98.6 287.8
Fuel Oill 64.2 198.7
Natural gas 59.2 155




b. Model 2

Table 22 Emissions avoided for 606 model

Table 22Emissions avoided for model 2

Fuel Type Saved fuel tons| Avoided emissions
(t/year) (t COzlyear)
LPG 113.4 331
Fuel Oill 73.8 228.5
Natural gas 68.1 178.3
c. Model 3

Table 23 Emissions avoided for 708 model

Table 23Emissions avoided for model 3

Fuel Type Saved fuel tons | Avoided emissions
(t/year) (t COylyear)
LPG 127.8 373.2
Fuel Oil 83.3 257.6
Natural gas 67.7 201

62
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V. CONCLUSION

The World faced many energy crises in the lastwgrdand in the beginning of this
century too. This leads to more research aboutvable sources of energy. In 2002,
the amount of solar energy that reaches the Easthiface every hour is greater than
humankind’s total demand for energy in one yeaf.[bBe major barrier for increasing
solar energy usage is its high investment costlaadbw cost of conventional fuels.
However, in the case studied it has been provée teconomically favorable because

of the high energy consumption for asphalt industry

The CPC proved to be economically and thermalligieffit for such application,
despite of its high investment cost and the larga af land that should be occupied by

the collector.

The results, though, made it possible to addregiscemmentally sound public
policies to encourage solar energy use in the Aspiaustry. Moreover, it will help in
reducing the high emission of the GHG in this irtdus

In order to minimize the risk of the investmenttomsthe in cash flow the carbon
credits are not taken into account, besides theggha fuel prices throughout the
project life cycle is not considered. Moreover, gineject life cycle is 15 years instead
of 20 years which is generally considered for sstcidies.

The results are found encouraging more studiestabaending solar energy use on
other processes from asphalt industry. These pgsesasan include the storage of the
bitumen in its fluid state and dry the aggregate®move humidity which is the most
energy consumption process in this industry.

It is recommended to offer more solar energy cauasel to have experimental
facilities to assure this purpose. This will givemn@ understanding for how capable is

the renewable energy sources to substitute theetional fuels.

The study case serves as an indicative that emaigyes are needed for increasing
the solar energy penetration of high temperatuwtastry. The urge to increase
sustainability and reduce the environmental foatpsn all human activities, promote
the continuous pursuit of solutions for the conatsainvolving industrial solar heating

systems.
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