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ABSTRACT 
 
 This work presents an alternative design for an experimental waste 
heat recovery thermal system to be coupled to a large turbocharged 
internal combustion engine for combustion air conditioning. The goal 
is to carry out a design of a new thermal system under restricted 
economic requirements for one of the generators set of Luiz Oscar 
Rodrigues de Melo Thermoelectric Power Plant. Thereby, a 
comparison with the original proposal from previous works is also 
developed in order to demonstrate the differences in terms of thermo-
economic design parameters. The waste recovery thermal system 
produces sufficient chilled water through a single-effect absorption 
chiller, powered by hot water which is produced by recovering the 
exhaust gases residual heat to supply cooling applications on the 
combustion air. The results showed a significant reduction for the 
chiller capacity demand, from 550 to 185 RT, that would be enough 
to provide chilled water for 98.72% of the analyzed operation 
historical period. The economic feasibility indicators reveal the 
proposal for the alternative waste heat recovery system as the best 
financial option, presenting a lower investment cost (US$316,793.27 
of savings) and a time for capital recovery of 2.14 years, 1.61 years 
shorter when compared with the initial WHR system.  
 
 
 
Keywords: waste heat recovery; internal combustion engine; absorption 
chiller; intake air conditioning; economic feasibility 

                                                                                                              
NOMENCLATURE 
 
A heat flow area, m2  
G local gravity acceleration, m/s2  
h enthalpy, kJ/kg 
H  head, m  
ṁ mass flow rate, kg/s 
ሶܳ   heat flow rate, kJ/s 

Q volume flow, m3/s 
U overall heat transfer coefficient, W/m2K 
ሶܹ  work flow rate, kJ/s 

 
Greek symbols  
 
motor pump electric motor efficiency, % 
pump pump efficiency, % 
 working fluid density, kg/m3 
 
INTRODUCTION  
 

 The thermal power plants based on internal 
combustion engines (ICE) in Brazil, in its majority, 
were projected to operate seasonally as peaking 
powers plants (Morawski et al., 2017). Moreover, 
these power plants were designed under low initial 
cost and not taking advantage of thermal residues 

(Morawski, 2016). In the last years, the worsening of 
the hydrological conditions and increase of droughts 
caused the reduction of hydroelectric power output 
(FUNDAJ, 2019) and, for this reason, in addition to 
the reduction of natural gas cost (Petrassi, 2012), these 
thermoelectric power plants were required to operate 
more often in order to guarantee a safe electrical 
energy production on the grid, hence, the need for 
improving the operational availability and efficiency 
of these thermoelectric power plants arose as 
consequence of this scenario.  

Internal combustion engines are thermal 
machines that present technical limitations under 
harsh climatic conditions, such as high temperature 
and excessive humidity. These climatic conditions 
decrease the air density, affecting the shaft power, fuel 
consumption and efficiency, and, consequently, the 
ICEs performance (Santoianni, 2015). Additionally, 
these conditions can cause knocking in the engine, 
harming its mechanical internal parts. Usually, in 
order to avoid the knocking effect, the Wärtsilä control 
system limits the engine brake power output by 
reducing the brake mean effective pressure when the 
combustion air temperature, before the charge air 
cooler, exceeds 45ºC (Wärtsilä, 2008), causing 
derating.  



Tecnologia/Technology V. B. Paula , et al. Alternative Design and Economic … 
 

32 Engenharia Térmica (Thermal Engineering), Vol. 19 • No. 2 • December 2020 • p. 31-39 
  

The thermal power plants powered by ICEs 
utilize only part of the fuel energy to develop work on 
the engine shaft and, consequently, electrical energy. 
The rest is wasted through exhaust gases, cooling 
system and convection and radiation of the engine 
(Domingues, 2011), which motivate the use of systems 
to recovery the wasted heat in these power plants. 
Among various alternatives for waste heat recovery 
(WHR) system, an absorption chiller can be utilized to 
recover heat, producing chilled water for intake air 
conditioning. 

The intake air cooling and dehumidification in 
ICE causes the increase of the intake air density, 
resulting in an increment in admission air and 
subsequently in the fuel, thus enabling the 
enhancement of electric power output without the 
occurrence of the derating due to the knocking 
phenomenon, moreover, avoiding the formation of 
condensed water in the air collector. The R&D Project 
ANEEL PD-6483-0318/2018 intends to implement an 
experimental thermal system at the Luiz Oscar 
Rodrigues de Melo Thermoelectric Power Plant (UTE 
LORM), located in the city of Linhares, state of 
Espírito Santo, Brazil, to evaluate the performance 
improvement of a large internal combustion engine 
through the intake air conditioning using chilled water 
produced by a single-effect absorption chiller.  

Initially, for this R&D project, the intention 
was to use a single-effect absorption chiller, powered 
by hot water, to cool and dehumidify the intake air to 
12.5°C with relative humidity (RH) of 100% in a 
cooling coil and, also, to provide additional cooling 
capacity to reduce the engine cooling water 
temperature using a radiator auxiliary heat exchanger, 
in order to decrease the combustion air temperature in 
the charge air cooler (Chun et al., 2019 and Miotto et 
al., 2020). Simulations using GT-POWER software, 
presented in Miotto et al. (2020), showed that under 
these cooled and dehumidified air conditions, the 
turbocharged Wärtsilä 20V34SG engine can produce 
an additional power output of 1,445 kW.  

However, due to economic circumstances, 
mainly the increase in the dollar exchange rate, the 
resources for the project have become more restricted 
for the initial configuration. Then, alternatives to meet 
the new economic requirements of the project have 
been studied.  

Due to the fact that the chiller was the most 
expensive equipment, an alternative thermal design 
has been developed to use chilled water only on the 
cooling coil for intake air conditioning, aiming to 
reduce the chiller capacity. At the same time, instead 
of using chilled water at the auxiliary heat exchanger, 
the cooling water from the cooling tower is used to 
provide alternative cooling effects in the radiator 
auxiliary heat exchanger. This is a strategic decision 
because it would reduce the cooling tower sizing, 
requesting lesser amount of make-up water. It is 
essential to note that in the initial configuration using 
chilled water in the auxiliary heat exchanger, the 
make-up water mass flow was considerably 
significant, meaning in an undesirable increase in the 
operating cost for the power plant.  

Therefore, this work aims to present a 
comparison between the initial design proposed in 
previous works and this alternative one, in order to 
demonstrate the changes, mainly in thermal design 
parameters and in investment costs. Furthermore, an 
economic analysis for both systems, using feasibility 
indicators (net present value, internal rate of return and 
payback period), are presented and compared, based 
on two commercial proposals from the same company, 
related to the total investment costs. 

 
THE EXPERIMENTAL SYSTEM 
 

The power plant is composed of 24 generator sets 
and each one of them presents a turbocharged Wärtsilä 
20V34SG engine of 8.7 MW of nominal shaft power, 
fueled by natural gas, and a Cummings AvK DIG 
167g/10 generator with 10,549 kVA nominal power 
that generates 8.545 MW of electrical power, with 
specific fuel consumption of 166.1 g/kWh.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Schematic of one of the current generators sets of the power plant. 
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A schematic of the current configuration of the 
existing generator set at the UTE LORM is showed in 
Fig. 1, representing the intake air, the exhaust gas and 
the cooling water systems. 

The intake air is admitted after passing through a 
filter, following to the turbocharger where its 
compressed to the engine operating pressure. The 
compressed air is then cooled in the charge air cooler 
(CAC), using the engine cooling water. The charge air 
is distributed to the cylinders, and the engine gas 
collector obtains the exhaust gases from the 
combustion process inside the cylinders. The pressure 
in the gas collector depends mainly on engine 
operation, the turbocharger receives a major part of the 
exhaust gases. After passing through the turbocharger, 
the exhaust gases are released into the atmosphere.  

The engine cooling system is composed of two 
water circuits: the high temperature (HT) and the low 
temperature (LT) water circuits. The HT water circuit 
is responsible for cooling the set of 20 cylinders in the 
engine block and the turbocharger, while the LT water 
circuit cools the air in the intercooler and the 
lubricating oil. The water temperature control in the 
high and low temperature circuits takes place through 
the three-way valves located at the inlet of engine 
block and at the inlet of the CAC pump, respectively. 

The heat added to the cooling system is rejected 
at the engine radiator, which uses ambient air to reduce 
the water temperature at the inlet of the CAC inlet 

down to 2°C below the dew-point temperature of the 
charge air, in order to avoid the condensation of water 
in the engine intake manifold. The three-way valve of 
the LT water circuit increases the water temperature in 
2°C by bypassing enough water, so the outlet water 
temperature in the radiator must be 4°C below the 
dew-point temperature in the charge air. However, 
during periods of hot weather, the radiator operates at 
nominal speed in order to reduce the CAC inlet water 
temperature to an acceptable value for control 
purposes. Therefore, the implementation of an 
auxiliary heat exchanger to supply additional cooling 
for the engine cooling system would allow a reduction 
in radiator’s power demand (Chun et al., 2019 and 
Miotto et al., 2020). 

 Figure 2 illustrates the initial proposed 
configuration for the WHR thermal system, which 
consists of an absorption chiller recovering residual 
heat from the exhaust gases. A heat exchanger uses the 
heat from the exhaust gases to produce hot water to 
fuel a single-effect absorption chiller. The chilled 
water produced in the absorption chiller is used to 
supply the cooling coil for intake air conditioning. The 
chilled water is also used in the auxiliary heat 
exchanger to reduce the temperature of the engine 
cooling water in order to provide low temperature 
cooling water for the CAC. A cooling tower was 
designed to provide cooling water to the absorption 
chiller only (Chun et al., 2019 and Miotto et al., 2020). 

Figure 2. Schematic of the initial design for the WHR system integrated into a generating unit. 
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Using climate data collected over the period from 
January 2018 to January 2020, taken from INMET at 
climate control station located 34 km from the 
thermoelectric plant (INMET, 2020), the chilled water 
demand can be calculated for the cooling coil and the 
auxiliary heat exchanger for the first system purpose. 

Figure 3 presents the results of the simulations of 
the first thermal system proposal presented in Miotto 
et al. (2020) for intake air at 12.5°C and RH of 100%. 
As shown, the chilled water demand is more 
prominent for the auxiliary heat exchanger (reaching a 
peak of 431 RT).  

Figure 3. Chilled water demand for the initial 
configuration of the WHR system. 

In contrast, the chilled water demand of the 
cooling coil reaches levels of 240 RT. 

Considering that the chiller is the most expensive 
equipment in the WHR system, reducing its size is the 
appropriate way to achieve the required cost reduction 
of the project. The alternative WHR proposed system, 
as shown in Fig. 4, uses the chilled water from a single-
effect absorption chiller to supply only the cooling 
coil, while the cooling tower provides cooling effects 
for the auxiliary heat exchanger and the absorption 
chiller. Similar to the initial configuration, the hot 
water produced by the exhaust gases heat exchanger 
powers the chiller.  

THERMODYNAMIC MODEL 

The thermodynamic modelling of the WHR 
system was developed in the EES software due to its 
integrated thermodynamic properties data and the 
capacity of solving systems. The simplifying 
hypotheses and parameters were adopted as in Chun et 
al. (2019) and Miotto et al. (2020), namely: steady-
state, adiabatic condition, negligible kinetic and 
potential energy and constant overall heat transfer 
coefficient for the heat exchangers. 

Figure 4. Schematic of the alternative design for the WHR system integrated to a generator set and its auxiliary 
systems 

For each component of the alternative system 
presented in Fig. 4, mass and energy conservations 
were applied, as shown in Eq. (1) and Eq. (2), where 
݉ሶ	is the mass flow rate (kg/s), h is the enthalpy (kJ/kg), 
ܳሶ	is the heat flow rate (kJ/s), ܹ ሶ	is work flow rate (kJ/s) 

and the subscripts i and o refer to the input and the 
output of the components, respectively. 

0 ൌ ∑ ሶ݉ ௜௜ െ ∑ ሶ݉ ௢௢             (1) 

0 ൌ ሶܳ െ ሶܹ ൅ ∑ ሶ݉ ௜݄௜௜ െ ∑ ሶ݉ ௢݄௢௢  (2)
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The alternative design system, as shown in Fig. 4, 
is composed of two heat exchangers: the auxiliary heat 
exchanger for the radiator and the exhaust gas heat 
exchanger. 

The modelling of the auxiliary heat exchanger was 
developed according to previous works (Miotto et al., 
2020 and Chun et al., 2019). The heat exchanger is 
considered as a counterflow heat exchanger, where the 
inlet and outlet cooling system water temperatures are 
designed as 46 and 33°C, respectively. However, 
differently from earlier works, the inlet and outlet of 
the cold stream in the auxiliary heat exchanger were 
changed to represent the cooling water from the 
cooling tower (30 and 36°C), instead of the chilled 
water provided by the chiller (12.6 and 7°C). A fixed 
overall heat transfer coefficient of 1 ܹ݇/݉2.	ܭ was 
adopted, based on typical values for heat exchangers 
and fluid combination (Incropera et al., 2011). 

The modelling of the exhaust gases heat 
exchanger remains the same as in preceding works 
(Miotto et al., 2020 and Chun et al., 2019), the gas 
enters at approximately 390ºC and the hot water 
temperatures were fixed at 88 and 98ºC according to 
the commercial proposal’s chiller. The molar 
compositions of the natural gas and dry air were 
maintained the same as in Chun et al. (2019). The gas 
inlet and outlet temperatures were calculated based on 
the necessary heat flow to supply the absorption chiller 
and the energy balance from engine available in 
Wärtsilä brochure (Wärtsilä, 2008), considering a 
constant coefficient of performance for the chiller 
(0.7). The fixed overall heat transfer coefficient of 
0.05 ݇  is also based on typical values for heat	ܭ	.2݉/ܹ
exchangers and fluid combination (Incropera F. P. et 
al., 2011). 

For the calculation of heat flow areas in the 
auxiliary heat exchanger and the exhaust gas heat 
exchanger, the logarithmic mean temperature 
difference (LMTD) method was applied, as shown in 
Eq. (3). Where ሶܳ   is the heat flow rate (W), A is the 
heat flow area (݉ଶሻ, U is the overall heat transfer 
coefficient (ܹ/݉ଶ.ܭሻ. 

  ሶܳ 	 ൌ ܷ. .ܣ                                                                                             (3)   ܦܶܯܮ

The logarithmic mean temperature difference 
(LMTD) is calculated by Eq. (4), where ௛ܶ௜ and  ௛ܶ௢ 
are the hot fluid inlet and outlet temperatures (K) 
respectively and ௖ܶ௜  and ௖ܶ௢ are the cold fluid inlet 
and outlet temperatures (K) respectively. 

ܦܶܯܮ ൌ
ሺ்೓೔ି ೎்೚ሻିሺ்೓೚ି்೎೔ሻ

୪୬	
൫೅೓೔ష೅೎೚൯

൫೅೓೚ష೅೎೔൯

	     (4) 

The cooling coil modelling is presented in 
Stoecker and Jones (1982) and it is based on the heat 
and mass transfer using potential enthalpy difference 
method, with a linear discretization of the applied 
temperatures in 10 increments. The outlet air wet bulb 

temperature of the cooling coil was considered equal 
to 12.5°C to maintain the simulations results of ICE 
electric power output provided by Miotto et al. (2020). 
The water inlet and outlet temperatures were also 
maintained according to the previous work (7 and 12.6 
ºC), as are used in the commercial, since the absorption 
chiller continues to provide chilled water for the 
cooling coil. As in Chun et al. (2019) and Miotto et al. 
(2020), a convection heat transfer coefficient of 3 
 for ܭ	.for the water side and 0.55 ܹ݇/݉2 ܭ	.2݉/ܹ݇
the air side is considered. 

The procedure for modelling the absorption chiller 
was also performed according to Chun et al. (2019) 
and Miotto et al. (2020), utilizing typical values for 
water temperature of commercial chillers. However, 
the dimensioning of cooling capacity should now only 
supply the energy necessary for air conditioning in the 
cooling coil. The absorption chiller performance is 
constant, with a coefficient of performance of 0.7.   

The modelling of the cooling tower was performed 
according to Stoecker and Jones (1982). The tower is 
a counter-flow configuration and, again, a linear 
discretization was applied in 10 elements. It was 
performed mass and energy balance in each one, 
taking into account the latent and sensible heats. 
Typical commercial values of approach and range for 
commercial cooling tower are considered 4°C and 
6°C, respectively. 

The WHR system is composed of three pumps: 
for the chilled water circuit, for the hot water circuit 
and for the cooling water circuit. Equation (5) 
calculates the new electrical power demand ( ሶܹ݈݁݁, in 
W) for operating pumps, where Q is the volume flow
(m/s), ρ is the working fluid density (kg/m), g is local
gravity acceleration (m/s2) and H is the head (m). The
electric motor efficiency, named ηmotor, is considered
90% and pump efficiency, expressed by ηpump, is
considered equal to 80%.

ሶܹ ௘௟௘ ൌ
ఘ.௚.ு.ொ

ఎ೘೚೟೚ೝ.ఎ೛ೠ೘೛
           (5)    

For radiator modelling, it was used the same 
procedure described in Miotto et al. (2020), that is, the 
corrected overall heat transfer coefficient of 22.68 
kW/m2.K and air mass flow rate of 126.56 kg/s, which 
was determined by a set of temperatures and water 
mass flow measured during the current plant 
operating. The shaft power was considered equal to 
85.4 kW.  

The equipment was modeled as a counter-flow heat 
exchanger and the logarithmic mean temperature 
difference method was used. The inlet water 
temperature was determined by the energy balance in 
the engine, using Eq. (1), Eq. (2) and the ICE 
manufacturer information (Wärtsilä, 2008). The other 
equipment’s parameters, that is, area of 10,126 m2 and 
nominal fan rotation speed of 865 rpm, were 
considered based on the radiator’s manufacture 
brochure (Wärtsilä, 2009). 
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ECONOMIC FEASIBILITY  

The economic feasibility study was conducted 
based on two commercial proposals, one for the initial 
WHR system, developed by Chun et al. (2019) and 
Miotto et al. (2020), and another for the alternative 
thermal system. Recent simulations, using GT-
POWER software, estimated that, due to the intake air 
conditioning, the additional power generation is 1,455 
kW and the specific fuel consumption is 164.7 g/kWh, 
compared to a specific fuel consumption of 166.1 
g/kWh for the current power plant. The economic 
feasibility indicators, namely, net present value 
(NPV), internal rate of return (IRR) and payback were 
calculated using the economic conditions parameters 
in Tab. 1.  

The fuel cost was calculated based on the 
monthly consumption of natural gas at the UTE 
LORM and natural gas tariffs from BR Distribuidora 
(2020), resulting in a specific cost for fuel of 0.024 
US$/kg. The required rate of return (RRR) is the rate 
used by the Linhares Generation S.A. (LGSA), the 
company responsible for UTE LORM. In the same 
way, operational availability is considered based on 
the plant´s operation history. The electricity cost per 
unit (CVU) is based on the typical value received 
during the last year by the company for electric energy 
price sale. 

Table 1. Parameters in economic feasibility analysis. 

RRR – required rate of return (% per year) 15 

Operating life (years) 20 
CVU - Cost per Unit (US$/ MWh) 39.40 

Operational availability (% per year) 96 
Specific Fuel cost (US$/kg) 0.024 

Specific Fuel consumption (g/MWh) 164.7 

The calculation of the economic indicators used is 
based on Eq. (6), being NPV the net present value 
(US$), t the analyzed period (years), Nt the net cash 
inflow-outflows during the period (US$), i the 
required rate return (%), and I the initial investment 
(US$). 

ܸܰܲ ൌ ∑ ே೟
ሺଵା௜ሻ೟

െ ௡ܫ
௧ୀଵ        (6)                                                                                          

The internal rate of return is also calculated by Eq. 
(6). The IRR is the rate that makes the net present 
value equal to zero. The payback (n) is the minimum 
period, which would return the investment. The 
investment cost values from commercial proposals for 
initial and alternative WHR systems are respectively 
US$ 975,793.27 and US$ 659,000.00. 

RESULTS AND DISCUSSION 

The alternative design for WHR system must be able 
to supply the chilled water demand for the cooling coil 
in order to cool and dehumidify the ambient air down 

to saturated air at 12.5°C of wet bulb temperature, 
aiming to maintain the additional electric power 
determined by Miotto et al. (2020). Figure 5 presents 
the new chilled water demand for the alternative WHR 
system, using the chilled water produced by the 
absorption chiller only in the cooling coil.  

The new demand for chilled water decreases 
considerably, when compared to Fig. 3 and the 
simulations results presented in Miotto et al. (2020), 
and, consequently, the required cooling capacity of the 
chiller. The new chilled water demand reaches peaks 
of approximately 240 RT during the summer, when the 
wet bulb temperature reaches 27.8°C, the highest 
value during the two-year of the historic period 
analyzed. 

Figure 5. Chilled water demand alternative system. 

Figure 6 demonstrates the cumulative frequency 
curve for the absorption chiller demand and indicates 
that a 185 RT (651 kW) absorption chiller would be 
able to supply the cooling coil during 98.72% of the 
period of time. In the initial design, the chiller capacity 
required to attend 99.54% of the studied period was 
550 RT (1,934 kW). The variation in attendance period 
between the two designs is due to the typical 
commercial capacity values for this equipment. 

Table 2 presents a comparison between the main 
equipment sizing and mass flow rate indicators for the 
initial WHR system, introduced in the papers (Chun et 
al., 2019) and (Miotto et al., 2020), and the alternative 
WHR system. As showed in Tab 2, the new WHR 
system equipment was reduced in size, except for the 
auxiliary heat exchanger (due the use of a cooling fluid 
with a lower temperature difference to the engine 
cooling fluid), that justifies the smaller investment cost 
for the new WHR system when compared to the initial 
proposal, the same applies for the pumps. 
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Figure 6. Cumulative frequency versus chiller 
capacity for the alternative WHR system modeling. 

The electric power demanded by each pump in 
the WHR system and the mass flow rate is presented 
in Tab. 3. The values must be taken into account for 
the calculation of WHR system electrical power 
demand and, therefore, for the economic feasibility.  

The required power by the fan at the cooling 
tower is considered according to the commercial 
proposals for each WHR system. In the initial 
proposal, the electrical power demanded is 34 kW, 
while in the second it is 22 kW for nominal operation. 
Additionally, the absorption chillers electrical power 
demand is 5 kW for the alternative WHR system and 
6.3 kW for the initial WHR system, also based on the 
commercial proposals. Therefore, the new total 
auxiliary electric power consumption of the WHR is 
93 kW and it is lower compared to 170.3 kW of the 
initial configuration, i.e., a reduction of 45.38%. 

Previous simulations in Miotto et al. (2020) 
determined an increase of fuel consumption of, 
approximately, 61.74 g/s, despite the reduction of 
specific fuel cost, when compared with the current ICE 
performance. Therefore, utilizing the operational 
availability and the specific fuel cost presents in Tab. 
2, an additional plant operating cost can be evaluated 
as US$ 44,646.40 per year and this amount is 
considered in the economic feasibility. 

Table 2. Equipment sizing for WHR systems.
Equipment Initial WHR  Alternative WHR 

Chiller thermal capacity (RT) 550 185 
Cooling tower thermal capacity (RT) 1,287 812 

Auxiliary heat exchanger heat flow rate (kW) 1276.62 1276.62 
WHR heat exchanger heat flow rate (kW) 2763 928.45 

Auxiliary heat exchanger area ሺ݉ଶሻ 43 220 
WHR heat exchanger area ሺ݉ଶሻ 243 85 

Cooling coil area 856 856 
Cooling tower water mass flow rate (k݃/ݏ) 114 180 

Auxiliary heat exchanger cooling water (k݃/ݏ) 51 56 
Chiller cooling water (k݃/ݏ) 63 46 

Table 3. Pump consumption for the initial alternative WHR systems. 
Initial WHR system Alternative WHR system 

Pump power (kW) Mass flow rate (kg/s) Pump power (kW) Mass flow rate (kg/s) 
Hot water 27 64 10 22 

Chilled water 31 82 11 28 
Cooling water 72 180 45 114 

Therefore, since in the alternative WHR system 
the intake air condition could be maintained, the 
additional power of 1,445 kW would also be obtained, 
as in the initial WHR system. Thus, taking into 
account the WHR systems electric power demand, the 
alternative design plant generates 1,352 kW of 
additional power, i.e., an increment of 77.3 kW in 
comparison with 1,274.7 kW of additional power  
calculated for the initial WHR system, according to the 
commercial proposals. 

The preliminary analysis of the economic 
viability can then be performed. Table 4 presents the 
economic indicators NPV, IRR and payback period for 
the implementation of the thermal system, considering 
the investment costs of each proposal. 

The alternative WHR system proposal presents 
higher NPV (US$469,107.06 of additional profit), 

shorter time for capital recovery (payback period of 
2.14 years) and higher IRR of 58.28% when compared 
to the IRR of the initial system, of 36.80%, while also 
presenting lower initial investment cost, proving to be 
the best investment. 

Table 4 – Economic indicators. 
WHR systems Initial Alternative 

NPV (US$) 1,276,154.06 1,745,261.12 
Payback (years) 3.75 2.14 

IRR (%) 36.80 58.28 

FINAL REMARKS AND OUTLOOKS 

This work presents an alternative design for the 
waste heat recovery (WHR) system for one of the 
generators sets of Luiz Oscar Rodrigues de Melo 
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Thermoelectric Power Plant, using ambient condition 
data provided by a weather station nearby the UTE 
LORM, with the intent of reducing the investment cost 
for the system, when compared with the initial system 
present in Chun et al. (2019) and Miotto et al. (2020). 
Also, economic viability analysis for both systems are 
compared based on confidential economic proposals 
for the WHR system implementation. 

The dimensioning of the necessary chiller 
cooling capacity determined that 185 RT (651 kW) 
would be sufficient to supply the chilled water demand 
of 98.72% of the analyzed period, i.e., a significant 
reduction of 365 RT (1,236 kW) in the installed 
capacity when compared to the absorption chiller 
determined in previous works of 550 RT (1,934 kW). 

 The power demand of the alternative WHR 
system is 93 kW, taking into account the power 
demand of the chilled water pump, hot water pump, 
the cooling water pump (cooling tower) and the 
additional demand required for the cooling tower fans 
and chiller auxiliary power, according to the 
calculations and commercial proposals. Therefore, 
since in the alternative WHR system the intake air 
condition could be maintained, the additional power 
output of 1,445 kW as in Miotto et al. (2020) is 
considered. Thus, the alternative design plant 
generates 1,352 kW of additional power, an increment 
of 77.3 kW in comparison with 1,274.7 kW of 
additional power due to the reduction on the power 
consumption.  

The preliminary economic viability study was 
conducted based on two commercial proposals for 
implementing the thermal system. The alternative 
WHR system proposal is shown as the best investment 
alternative according to the economic indicators 
utilized, presenting a lower investment cost 
(US$316,793.27 of savings), with US$ 469,107.06 of 
additional profit (greater NPV), a higher IRR 
(58.28%) and a time for capital recovery of 2.14 years, 
1.61 years shorter when compared with the initial 
WHR system.  

Despite the economic advantages of the 
alternative system, in periods of low demand of intake 
air conditioning, the original configuration could save 
more power in the radiator than this alternative 
proposal due to colder fluid stream in the auxiliary 
heat exchanger (7 and 12.6°C) when compared to the 
alternative design (30 and 36°C).  

In future works, the installation and experimental 
testing of the alternative system will provide more 
realistic investment values and energy gains. Through 
these values, the final analysis of economic feasibility 
will be conducted. Additionally, the analysis can be 
updated with potential new commercial proposals. 
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