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1. Introduction to the project and detailed explanation of the
plant
The main objective of the project is to reduce natural gas consumption at a STELLANTIS
automotive plant in Madrid. This would reduce the carbon footprint, which is quite important
nowadays.
The factory is a vehicle terminal plant of STELLANTIS (earlier Groupe PSA) which is part
of the Iberian Industrial Pole together with Vigo and Mangualde (in Portugal). At this center,
the production flow is divided into two large areas: The Body-Painting Unit and the Assembly
Unit. The latter also includes the Mechanics area and the Special Employment Centre.
Overall, the plant works in two daily shifts of 8 hours each and produces 30 vehicles per
hour. In addition, although to date the plant has only considered production consumption to
measure the energy consumed per vehicle, if the consumption derived from comfort and
lighting is also analyzed, the gas/vehicle ratio is increased by 107%. Specifically, consumption
increases from 226,9 kWhth/vehicle to 470 kWhth/vehicle (see illustration below).

Figure 1 Natural gas consumption of the plant (MWhth/year) (2016)
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Moreover, even if the ratio of electricity per vehicle could also be optimized by trying to
find a way to reduce consumption in production and make the plant more efficient, the focus
of this project will be on reducing the natural gas used in the comfort of the plant by using
other sources of heat and optimizing the current network of aerothermal heaters.
More specifically, this work will consist of trying to recover thermal energy from the
ventilation streams of the booths in which the painting processes are carried out, as well as
from other installations in the factory, in order to reduce the consumption of natural gas used
for heating and in the drying ovens.
In order to carry out a correct analysis, consumption data for the plant have been provided
for 2016.
We will put the focus on three main heat sources: the air currents and the cooling water,
which will be used to air conditioning by using fan heaters in winter and to preheat in the
burners in summer, and the effluent basin, which will be used in both air conditioning of offices
producing cold water in summer and hot water in winter for fan coils.
In order to do this, the plant must first be analyzed in detail and each of the functions carried
out in it must be seen. From the plan provided, it can be seen how the cataphoresis, lacquering,
priming and bodywork touch-up operations are carried out in the plant (see Figures 1 and 2).
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Figure 2. Process map (1/2)

6

ENERGY TRANSITION
WORK #1

Figure 3. Process map (2/2)

In the cabs where these processes are carried out, there are extractors that will allow
maintaining uniform and not very high temperatures in the booths. In this way, both in the
priming, lacquer application and assembly retouching booths, relatively low temperatures can
be maintained, with the highest temperature being around 40ºC.
However, taking into account that the power that can be recovered in these described booths
is considerably less than the power that can be recovered in the bodywork drying installations,
the project will focus on the latter. For example, the maximum power that can be recovered in
the first described foci is 264,4 kWth (corresponding to the paint application booths), compared
to 544,7 kWth in the most powerful focus corresponding to the bodywork drying.
The analyzed facility has a series of fan heaters responsible for the production of hot and
cold air for the air-conditioning of the plant. In the following figure a more exhaustive detail
of the warm air heaters network is shown.
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Figure 4. Actual heating network and warm air heaters layout
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This air, hot or cold as required, is obtained by circulating water through an exchanger.
Therefore, for the analysis of each warm air heater, the inlet and outlet temperatures of water
and air through the exchanger will be studied, as well as the power consumed and the water
and air flow rates through the fan heater. After this analysis, and with the help of the EES
program, a study has been made of which warm air heaters should be replaced by others that
are more energy efficient. This study is shown in further sections.
In winter, the hot water will be used in the warm air heaters to heat the air for heating.
However, it will be necessary to use heat pumps to increase the temperature of these water
streams up to 85°C, so that the consumption in the warm air heaters is not so high, as they
receive water at a sufficiently high temperature.
On the other hand, and in order to make the most of all available resources without wasting
energy, these heat pumps could perform another function during the summer, so that they
would not be underused for months at a time. Our proposal is to send the hot water to preheat
the combustion air of the burners, so that they would remain active throughout the year.
These proposals will be explained in more detail during the report, showing the
consequences of these measures in terms of economic and CO2 and fuel avoidance; the
important thing will be to reflect that efficiency and energy efficiency.
In the following table, a detail of the available main loads with their power, the type of fluid
and operating characteristics has been included.
Table 1. Available main heat sources and main operating conditions

Heat source

Type of fluid

Average
Temperature
[ºC]

Flow (Nm3/h /
m3/h)

∆T

Recoverable
power [kWth]

Cabin
temperature
control

Flue gases

25

411,368

5

714

Bodywork
drying (1)

Flue gases

144

35,124

39

476

9

ENERGY TRANSITION
WORK #1

Bodywork
drying (2)

Flue gases

77

26,144

37

331

VOC
incinerators1

Flue gases

173

14,622

155

787

Compressor
cooling tower

Water stream

31

100

5

464

Painting water
effluent

Water stream

Environment

800

5

4,644

In addition, in order to carry out a correct analysis, consumption data for the plant have
been provided for 2016.

2. Description of the proposals
In this project there will be proposed three heat recovery measures to be implemented in
the plant.

2. 1. Preheating of the combustion and renovation air
On the first hand, a preheating of the combustion and renovation air of the painting furnaces
will be recommended by using the heat from the sources identified in the previous section
(bodywork drying and compressor cooling).
When the thermal power plant operates, it supplies heat to the sheet metal and assembly
plants. On the other hand, the paint unit is heated by means of air vein burners through which
the air passes and enters into combustion. If instead of air from the environment, air is supplied
from one of the heat sources at 75ºC, considerable power savings could be achieved.

11

Currently this system is not in operation, so it is not possible to obtain heat from it
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To achieve this, two heat pumps in the exhaust air of the heat sources and a pump in the
cooling water of the compressors will be used, in addition of a water coil; thus, instead of taking
air from the environment, air at 75°C will be taken.
The following figures show the diagrams corresponding to the initial situation and to the
savings situation to be reached:

180 °C
180 °C
PaintPaint
furnace
furnace

25 °C 25 °C
BurnerBurner

Figure 5. Current diagram taking air at 25ºC

25 °C 25 °C

180 °C
180 °C
furnace
PaintPaint
furnace

75 °C 75 °C

BurnerBurner
Alternative
Alternative
thermal
thermal
sourcesource
Figure 6. New diagram taking air at 75ºC

If we analyze in detail the actual power required by cataphoresis ovens and lacquers, it can
be concluded that there is a maximum average
thermal required power of 6.77 MWth, as it can
120 °C

198 °C

°C figure.
be seen in the 198
following

25 °C

25 °C

120 °C

135 °C
135 °C
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Figure 7. Average power outputs of paint burners [MWth] (2016)

Although there is also a required power for cabin conditioning and air conditioning, this
required power varies throughout the year. Finally, there are also some boilers to preheat the
surface treatment baths, but do not require high amount of power so there will not be taken into
account.
Then, the reductions in fuel consumption have then been calculated as well as an economic
valuation to assess the desirability of adopting this measure.
First of all, it has been found the excess of air of the combustion. For this purpose, the
following initial conditions have been assumed:
-

Tair = 25ºC

-

̅̅̅̅̅̅̅̅
ℎ𝑓 𝐶𝐻4 = -74,595 [kJ/kmol]

-

̅̅̅̅̅̅̅̅
ℎ𝑓 𝐶𝑂2 = -393,520 [kJ/kmol]

-

̅̅̅̅̅̅̅̅̅̅̅
ℎ𝑓 𝐻2𝑂(𝑔) = - 241,811 [kJ/kmol]

-

Cp O2 = 30.03 [kJ/kmol - K]

-

Cp CO2 = 40.44 [kJ/kmol - K]
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-

Cp H2O = 34.11 [kJ/kmol - K]

-

Cp N2 = 29.21 [kJ/kmol - K]

Assuming that the adiabatic combustion temperature is 185ºC, it is determined that:
CH4 + a (1 + λ) (O2 + 3,76 N2) → b CO2 + c H2O + d (1 + λ) N2 + a λ O2
Resulting:
-

a=2

-

b=1

-

c=2

-

d = 7.52
𝑄̇
̅̅̅̅̅̅̅̅
hcomb = ∑ np · ̅̅̅
hp - ∑ nr · h̅r = 𝑛 ̇

𝑐

̅̅̅̅̅̅̅̅
hcomb = 1 · ̅̅̅̅̅̅̅
hf CH4 + 2 · ̅̅̅̅̅̅̅
hf CO2 - ̅̅̅̅̅̅̅
hf CO2 = - 802,513 [kJ/kmol]

It will be necessary to calculate the air savings under both initial and savings conditions:
•

Combustion reaction under initial conditions (λ0; 𝒏̇ f0): taking the air at 25ºC and
with the exhaust gas outlet at 185ºC:
2·(1 + λ0)·(30.03 + 3.76 · 29.21)·(25 - 25) = ̅̅̅̅̅̅̅̅
hcomb + (1·40.44 +2·34.11+7.52·(1 +
λ0)· 29.21 + 2 · λ · 30.03 ) · (185 - 25)
λ0 = 16.76

•

Combustion reaction under saving conditions (λ; 𝐧̇ f): the air arrives at the burner
at 75ºC and the exhaust gases at 185ºC:

2·(1 + λ)·(30.03 + 3.76 · 29.21)·(75 - 25) = ̅̅̅̅̅̅̅̅
hcomb + (1·40.44 +2·34.11+7.52·(1 + λ)·
29.21 + 2 · λ · 30.03 ) · (185 - 25)
λ = 24.83
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Now, it will be calculated the heat available to preheat the air from the condenser heats
of the two pumps placed in the exhaust air and the pump placed in the cooling water of the
compressors:
475
Q̇con = 612 + 438 + 514 · 707 = 1,703 [kW]

This heat is that which is applied to preheat the air from 25 to 75°C, the molar flux of the
fuel being as follows:
Q̇con= ṅ f · 2 ·(1 + λ)·( 30.03 + 3.76 · 29.21) · (75 - 25)
ṅ f = 0.00405 [kmol/s]
If the flue gas flow in the initial situation is the same as in the sparing condition, the above
molar flux can be found:
ṅ f0 · (1 + 2 + 7.52·(1 + λ0) + a + λ0 ) = ṅ f · (1 + 2 + 7.52·(1 + λ) + a + λ )
ṅ f0 = 0.006112 [kmol/s]
With this, the initial burner power is obtained, and its gas consumption is determined, as
well as the new consumption of gas:
Q̇ gas 0 = ṅ f0 · ̅̅̅̅̅̅̅̅
hcomb = 5,494 [kWth]
Q̇ gas = ṅ f · ̅̅̅̅̅̅̅̅
hcomb = 3,784 [kWth]
In order to calculate the total CO2 avoided, it has been first obtained the CO2 avoided
because of the avoided gas and then it has been calculated the CO 2 required for the use of
electricity. Therefore, the overall CO2 avoided will be the difference between these two values.
•

Annual gas saved= 4,925 MWhth/year

•

CO2 avoided (gas)= 1,101 tons/year

•

CO2 avoided (overall)= 601 tons/year

•

Required electricity= 1,512 MW/year

For all of the proposals, the following economic values have been assumed:
1. A WACC of 5% will be assumed, given the requirements of the industry.
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2. The following escalation nominal rates:
a. Electricity: 2.5%
b. Natural gas: 2.3%
c. CO2: 8%
d. Operations & Maintenance: 1.5%
3. Energy terms, based on the latest tariffs of the plant:
a. Electricity tariff: 86.4 €/MWhe
b. Natural gas: 24.56 €/MWh - HHV
4. A lifespan for the project of 15 years, taking as a reference the lifespan for heat
pumps.
5. Carbon tax of 35 €/ton is assumed for natural gas emissions.
6. CO2 emissions associated to electricity are considered only for environmental
assessment, not economic.
In order to achieve these saving conditions, several heat pumps from the manufacturer
Carrier will be used, whose COP in relation to the hot water temperature on the condenser side
and the evaporator temperature follow the relationship shown in the figure below.

Figure 8. COP of individual Carrier units [1]
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On the one hand, it is proposed to use the following pumps for bodywork drying heat source
use:
Model: 61XWHHZE03
-

Heat power: 438 kW
COP: 3.33
Cooling capacity: 316 kW
Required power: 131 kW
Evaporator temperatures:
35 -40 ºC
Condenser temperatures:
85 -75 ºC

Model: 61XWHHZE05
-

Heat power: 707 kW
COP: 3.39
Cooling capacity: 517 kW
Required power: 208 kW
Evaporator temperatures:
28 - 33 ºC
Condenser temperatures:
85 - 75 ºC

On the other hand, it is proposed the following pump as cooling tower compressor:

Model: 61XWHHZE05
-

16

Heat power: 612 kW
COP: 3.03
Cooling capacity: 423 kW
Required power: 127 kW
Evaporator temperatures:
28 - 33 ºC
Condenser temperatures:
85 - 75 ºC
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The investment of the two pumps placed in the exhaust air and the one placed in the cooling
water will be the following, including a piping and other installation costs of 10% of heat pump
investment:
INV = (2 · 105,407.72 + 91,953.32) · 1.1 = 333,045.65 [€]
Also, there will be assumed an annual cost of maintenance of 10% of the investment
along the whole life of the project. In addition, for the CO2 it has been considered fCO2 =
201.5 gCO2/kWhth and fCO2 e = 399.3 gCO2/kWhe.
•

Annual gas savings = Q̇ gas savings / 1,000 · 180 · 16 · 24.56 · 1.11= 134,258 [€/year]

•

Annual electricity cost = (202 + 131 + 208 · 514 ) · 180 · 16 · 86.40 / 1000 = 130,691

475

[€/year]
•

Annual CO2 savings = CO2 annual avoided · 35 = 21,028 [€/year]

In the next graph, the evolution of the accumulated free cash flows for the whole project
has been placed.

Figure 9. Accumulated free Cash Flow of the investment (€/year) (15 years)
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As a result, a payback ratio of 7.59 years is reached, a NPV of 391,112 € and an IRR of
16.47 %.

2.2. Boiler set point change
On the second hand, there will reach a reduction in the fuel consumption of boilers for
warm air heaters by reducing the water output temperature setpoint. The actual working
temperatures of 135 – 120 ºC, will be modified by a working temperature of 85 – 75 ºC with
also a reduction of the exhaust gases temperature from 198 ºC to 151 ºC.
To visualize this proposal more schematically, a figure of the actual and new diagram has
been designed.

Figure 10. Actual diagram of the warm air heaters and the boiler

Figure 11. New diagram of the warm air heaters and the boiler

In the next table, the main characteristics of each type are shown.
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Table 1. Fan heaters of the plant and characteristics

Fan heater

Quantity

Model

Thermal
Power
(kcal/h)

Flow rate
(m3/h)

Unit power
(kWth)

Total
power
(kWth)

Recirculation
air heater

5

81/4500x

35,000

4,000

40.64

203.2

Recirculation
air heater

34

61/48

35,000

6,000

40.64

1381.8

Recirculation
air heater

32

82/4500x

40,000

4,400

46.44

1486.1

8

101/4625

60,000

10,000

46.44

371.5

41

102/4525

86,000

6,000

99.86

4094.3

70

92/4525

66,000

6,000

76.63

5364.1

5

ABA62

86,000

6,200

99.86

499.3

2

2/4

101,000

5,800

117.3

234.6

Recirculation
air heater
Outdoor air
intake fan
heater
Outdoor air
intake fan
heater
Outdoor air
intake fan
heater BTU
Recirculation
air heater
Total

197

13,634.8

These warm air heaters are distributed in 5 different networks and work in a temperatures
of 135 / 120 ºC.
First of all, we calculated the nominal capabilities of bigger warm air heaters, that would
have the same thermal emissions of the old ones with a water current of 85/75ºC instead of the
original 135/120º. In developing the new, larger warm air heaters than the previous ones, we
have used the heat transfer equations of the e-NTU Method, which allow us to adapt the original
STELLANTIS specifications to different ones for the new warm air heaters:
ε =(C.c∙(Tce−Tcs) =C.f∙(Tfs−Tfe) = C.mín∙(Tce−Tfe)
NTU= UA/C.mín
ε =f (NTU, type of heater)
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Q.=UA∙F∙DTLM
DTLM=((Tce−Tfs) −(Tcs−Tfe)) /Ln (Tce−Tfs /Tcs−Tfe)
C.x=m.x∙Cp,x

Once we had the nominal data (power, water flow, air outlet temperature...) of the warm
air heaters, we had used the catalogue provided by Carrier to select those models that adapt to
our needs. However, while making a comparison of the different thermal emission totals of
each model, we realized that, in the original ones, there was an oversizing with respect to the
boilers of 3.6 MWth. The boilers are dimensioned for 10 MWth, while the thermal emissions
of the original fan heaters with 135/120ºC water stream are around 13.6 MWth.
The following table shows for each original STELLANTIS model the thermal emissions
with water streams of 135/120ºC and 85/75ºC:
Table 2. STELLANTIS fan heater models (original VS new)

135/120ºC

85/75ºC
Thermal emission
(kWth)

Number

Thermal emission (kWth)
81/4500x

40.64

23.71

5

61/48

40.64

23.71

34

82/4500x

46.44

27.09

32

101/4625x

69.67

40.64

8

102/4525

99.86

58.25

41

92/4525

76.63

44.70

70

ABA62

99.86

58.25

5

2/4

117.3

68.41

2

Total

13,634.82

8,062.01

Fan heater model

In addition, although the mentioned values for the installed capacity and the available
power from the boilers, there is also an oversizing if it is compared with the real consumption
of the plant. As shown in the next graph, it can be seen that the maximum average thermal
20
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power consumption is 6,217 kWth in January. In addition, from May to October the plant does
not demand any or almost any thermal power.

Figure 12. Average thermal power plant capacity (kWth) (2016)

If there is a modification of the working temperature of the warm air heaters from 135-120
ºC to 85-75ºC, the new required power will be 8,062 kWth, yet higher than the maximum
average consumption of the plant.
In the next figure it has been illustrated the comparison between the current installed
capacity, the modified installed capacity and the real maximum capacity. As conclusions, in
the current situation, the nominal capacity is 219.3% larger than the real maximum required
power. Changing the actual working temperature to 85-75ºC will result in an available power
of 8,062 kWth, which still is 129,7% higher than the maximum required thermal power.
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Figure 13. Comparison of the actual vs new thermal power capacity (kWth)

As in the previous proposed measure, the reductions in fuel consumption have then been
calculated as well as an economic valuation to assess the desirability of adopting this measure.
Taking CH4 as fuel and assuming a current efficiency of 92% and a flue gas outlet
temperature of 198ºC, the following is obtained:

ɳ=

Q̇ out
=1−
ṁf · LHV

(h̅f CO − h̅f CO2 )
Mf
ṁf · LHV

∆Ḣ + ṁf · β2

Since this is not an incomplete combustion, but a complete combustion, the difference
between enthalpies of formation of CO and CO2 is zero, therefore, the formula is simplified.
The Lower Heating Value used corresponds to that of CH 4, which results in a calorific value
of -802,513 [kJ/kmol]:
CH4+ a (1 + λ) (O2 + 3.76 N2) → b CO2 + c H2O + d (1 + λ) N2 + a λ O2
Resulting:
-

a=2
22
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-

b=1

-

c=2

-

d = 7.52

-

Cp O2 = 30.03 [kJ/kmol - K]

-

Cp CO2 = 40.44 [kJ/kmol - K]

-

Cp H2O = 34.11 [kJ/kmol - K]

-

Cp N2 = 29.21 [kJ/kmol - K]

[1 ∙ 40.44 + 2 ∙ 34.11 + (1 + λ) ∙ 7.52 ∙ 29.21 + 2 ∙ λ ∙ 30.03] ∙ [198 − 25] −
−[36.42 + (1 + λ) ∙ 30.03 + (1 + λ) ∙ 3.76 ∙ 29.21] ∙ [25 − 25]
η= 1−
LHV

0.92 = 1 −

[328.32 + 279.72 · 𝜆][173] − [176.28 + 139.86 · 𝜆][0]
802,513
𝜆 = 15.29

Taking a dry basis CO2 concentration of 10% from an analysis of the boiler fumes taken
from the company, the 𝜆 obtained is similar, as can be seen below:
1

10% = 1+(1+λ )·7.52+2· λ
𝜆 = 15.55
It can be seen that the two results coincide. Having extracted the second result from the
data provided by the company in the smoke analysis, we will use that value as λ in the rest of
the operations.
Once λ is known, the boiler efficiency is calculated for a product temperature 151 ºC and a
reactant temperature of 25 ºC:
1−

∆Ḣ
= 0.92
ṁf · LHV

∆Ḣ = [40.44 + 2 ∙ 34.11 + (1 + 0.1555) ∙ 7.52 ∙ 29.21 + 2 ∙ 0.1555 ∙ 30.03] ∙ [151 − 25]
−[36.42 + (1 + 0.1555) ∙ 30.03 + (1 + 0.1555) ∙ 3.76 ∙ 29.21] ∙ [25 − 25]
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𝜂 =1−

[370,27][126] − [2311,94][0]
= 0.9416
802,513
η=94.16%

Knowing that the maximum power of the fan heaters is 6.217 kWth, the new boiler
consumption can be calculated, as well as the multiple savings reached. For these calculations,
the same fees as before has been assumed.
•

Current boiler consumption = 6,901 MWhth-HHV

•

New boiler consumption = 6,749 MWhth-HHV

•

Power demand savings = 152.3 MWhth

•

Annual gas savings = 152.3/ 1,000 · 24.56 = 3,740 [€/year]

•

Annual CO2 avoided = 152.3· 180 · 16 · 201.5 / 106 = 30.69 [ton/year]

•

Annual CO2 savings = Annual CO2 avoided · 35 = 3,148.6 [€/year]

The economic assumptions for this measure will be the same as in the previous one:
1. A WACC of 5% will be assumed, given the requirements of the industry.
2. The following escalation nominal rates:
a. Natural gas: 2.3%
b. CO2: 8%
3. Energy terms, based on the latest tariffs of the plant:
a. Natural gas: 24.56 €/MWh - HHV
4. A lifespan for the project of 15 years, taking as a reference the lifespan for heat
pumps.
5. Carbon tax of 35 €/ton is assumed for natural gas emissions.

In the next graph, the evolution of the accumulated free cash flows has been placed.
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Figure 14. Accumulated free Cash Flow of the investment (€/year) (15 years)

As this measure requires no investment, the payback ratio is null, and it does not make
sense also to obtain the IRR. The NPV for this investment is 66,168 €.
2.2.1 Model limitations
We should note that this model has several limitations which should be taken into
account:
1. The temperature reduction in water outlet (135 - 85ºC) has been translated to the flue
gases outlet temperature.
2. The excess of air in the current situation has been obtained from boilers maintenance
tests.
In conclusion, we think that results in this measure should be taken as rough
estimations, but, as investment is not required, a pilot test is suggested to prove the convenience
of the measure.
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2.3. Office air-conditioning
Finally, it will be proposed a new system of office air-conditioning using a heat pump fed
by the effluent basin. For this last measure it will also be proposed the selling of the energy to
a district heating network, since the offices are only in operation for 8 hours and therefore 8
hours of heat pump operation would not be used.
In the next graph, the actual air conditioning power of the general office building compared
to the recoverable power is showed, so that it can been seen that it matches with the general
office air-conditioning system power requirement.

Figure 15. Actual AC power of the general office building vs recoverable power (kWth)

For the calculations, the year has been divided into two parts according to the
appropriate air-conditioning in summer and winter periods: The summer period consists of the
months from June to September inclusive, while the winter period includes the other months.
From the data provided by Stellantis we have the water flow rates in the basin during these two
periods, so that the required heat capacity of the water can be calculated, taking into account a
temperature difference of 5°.
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3
V̇winter = 0.0413 m ⁄s

Q̇ source winter = V̇winter · 1000 · 4.18 · 5 = 863.2 kW
3
V̇summer = 0.0518 m ⁄s

Q̇ source summer = V̇INV · 10004.18 · 5 = 1,083 kW
With this data, the 30XWHVZE 0851 heat pump from Carrier shown above will be
used, which is suitable for the requirements, as in heating mode it has a cooling capacity of 865
kW. In cooling mode, the pump has a heating capacity of 1,081 kW, so it would work in the
most extreme cases. Its heat capacity and power absorbed in the two cases can be found below:
Q̇ final winter = 1,050 kW
Ẇwinter = 199 kW
Q̇ final summer = 970 kW
Ẇsummer = 123 kW

Model: 30XWHVZE 0851
EER = 7,88
COP = 8,79
COOLING MODE:
•
•

Water evaporator Tº : 7/12ºC
Water condenser Tº: 20/25ºC

HEATING MODE:
•
•
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Water condenser Tº: 45/40ºC
Water evaporator Tº: 15/10ºC
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This will result in a total investment of 149,044 €. It also will be assumed an extra cost of
piping and other installation requirements of 10%, therefore resulting in a total investment of
163,948 €.
Taking into account the actual AC power of the general office building and the recoverable
power by the variable speed screw compressor chiller, it is observed that except for May and
October, the average power requirements of the general office air-conditioning system match
the recoverable power of the effluent.
However, the general offices are only used for 8 hours (the working day); therefore, the
available power is not being used to its full potential. Thus, two alternatives are considered:
1. Only cover the demand of the general offices.
2. Use the remaining power to feed a hypothetical district network.
2.3.1.

Office air conditioning without district heating

In the actual situation, the water for the fan coils is prepared by a heat pump and a natural
gas boiler. In the new diagram a water-to-water heat pump recovering the heat from the water
effluent will be connected in parallel. Part of the power of the heat source will be lost as the
offices only require 8 hours of air-conditioning.

Figure 16. Actual diagram of the office air conditioning (non-DH)
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Figure 17. New diagram for the office air conditioning (non-DH)

In this case, the first thing we must do is adapt the data given by Stellantis to the real
situation of the plant. Since we have the power consumed both in the boilers and the cooling
units, we have to take into account their efficiencies in order to have the actual power needed.
In our plant, the boilers have an efficiency of 95%, while the chillers have an estimated
efficiency of 3:
Q̇ gas Month =
Ẇe MES =

Q̇ final gas Month
0.95

Q̇ final enfr Month
3

Now that the real power consumption has been found, it is possible to use these data in
order to calculate the difference that this method will mean to the current energy consumption
of the plant:

12

Avoided Gas (AG) = ∑
i=1

Q̇ gas Month i · NdMonth i · 8
= 188.4 MWh − PCI⁄year
1000
12

Avoided Electricity (AE) = ∑
i=1

Ẇe Month i · NdMonth i · 8
= 416.3 MWhe⁄year
1000
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12

Consumed Electricity (CE) = ∑
i=1

(ẆMonth i · NdMonth i + Ẇe Month i · NdMonth i ) · 8
1000

= 227.3 MWhe⁄year
Once the calculations have been made to know the variations in energy demand, we can
use them to see the CO2 emissions that would be avoided through this method. For this, as
above, there has been used two values fCO2 = 201.5 gCO2/kWhth and fCO2 e =
399.3 gCO2/kWhe.
CO2 =

AG·1.11· fCO2
1000

+

(AE−CE)·fCO2 e
1000

= 104.7 ton CO2⁄year

The same economic assumptions as in the previous proposals have been taken:
1. A WACC of 5% will be assumed, given the requirements of the industry.
2. The following escalation nominal rates:
a. Electricity: 2.5%
b. Natural gas: 2.3%
c. CO2: 8%
d. Operations & Maintenance: 1.5%
3. Energy terms, based on the latest tariffs of the plant:
a. Electricity tariff: 86.4 €/MWhe
b. Natural gas: 24.56 €/MWh - HHV
4. A lifespan for the project of 15 years, taking as a reference the lifespan for heat
pumps.
5. Carbon tax of 35 €/ton is assumed for natural gas emissions.
6. CO2 emissions associated to electricity are considered only for environmental
assessment, not economic.
With the total investment mentioned of 163,948.4 € and maintenance costs of 10%
divided along the whole life of the project, a payback ratio of 8.19 years is reached, a NPV of
117,372 € and an IRR of 12.9%
In the next graph, the evolution of the free cash flows has been placed.
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Figure 18. Accumulated free Cash Flow of the investment (€/year) (15 years)

2.3.2.

Office air conditioning with district heating

The diagram for the new situation proposed is shown next.

Figure 19. New diagram for the office air conditioning with district heating

Within this alternative, part of the surplus energy will be sold to a hypothetical district
network for households or even shopping centers. There should be made an analysis of the
energy profiles of the district area, so that complementary profiles are reached. The Isla Azul
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shopping center may be a good option to include in the new system, since its consumption is
less variable than that of the homes in the area. In addition, it is estimated that it will require
energy at times when the offices will no longer be open or will require less energy, and it may
be easy to develop the connection.
For this second case, the optimal case will be assumed, where all the thermal production
is sold to the district network and it is not restricted by the needs of the office, so it is possible
to work from the nominal data of the heat pump, and then hypothetically sell the surplus energy.
Also, the conventional installations are assumed: boiler in winter and chillers in
summer.
Taking into account that the number of days where summer and winter air conditioning
are: 121 years of winter and 59 years of summer.
We can make the following calculations to calculate the annual energy consumption of
the above approach, which allows us to know, for this option, the gas savings, as well as the
savings and new electricity costs:
Avoided gas (AG) =

𝑄̇𝑔𝑎𝑠 𝑤𝑖𝑛𝑡𝑒𝑟 · 𝑁𝑑 𝑤𝑖𝑛𝑡𝑒𝑟 · 16
1,000

Avoided electricity (AE) =
Consumed electricity (CE) = =

= 2,140 MWhth - LHV / year

𝑊̇𝑒 𝑠𝑢𝑚𝑚𝑒𝑟 · 𝑁𝑑𝑠𝑢𝑚𝑚𝑒𝑟 · 16
1,000

= 305.2 MWe / year

(𝑊̇𝑤𝑖𝑛𝑡𝑒𝑟 · 𝑁𝑑𝑤𝑖𝑛𝑡𝑒𝑟 + 𝑊̇𝑒 𝑠𝑢𝑚· 𝑁𝑑𝑠𝑢𝑚)·16
1000

= 501.4 MWe / year

For the CO2, we follow the same method as in the previous case:
CO2 =

𝐴𝐺· 1.11· 𝑓𝐶𝑂2
1,000

+

(𝐴𝐸−𝐶𝐸)· 𝑓𝐶𝑂2 𝑒
1,000

= 478.7 ton CO2 / year

Now, with the previous total investment of 163,948.4 € and maintenance costs of 10%
of the investment along the project, a payback ratio of 3.13 years is reached, a NPV of 597,769
€ and an IRR of 37.4 %.
In the next graph, the evolution of the free cash flows has been placed.
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Figure 20. Accumulated free Cash Flow of the investment (€/year) (15 years)

This option of air conditioning from the basin is not profitable with the parameters of
the 2-year payback mentioned in the new revision of the RITE (RD 178/2021) [2], which
applies to industrial installations in terms of satisfying the comfort of people:
- It is applicable when renovating existing buildings
- It requires comparing conventional solutions with alternatives that "allow savings,
energy recovery and the use of residual energy".
This means that if a renovation is carried out, alternative systems must be used, which
supports the use of these air-conditioning measures.

3. Summary of results
In the next graph, a comparison between the results obtained has been shown.

33

ENERGY TRANSITION
WORK #1

Figure 21. Comparison of the results of the analyzed proposals

Also, in the next table a brief summary of the proposals and their potential has been
done. For each of the features and results it have been highlighted the one which has the greatest
potential.
Table 2. Summary of results and potential of the proposals

4. Conclusions
In conclusion, it can be said that the STELLANTIS plant has a very high efficiency
improvement potential in heat recovery which has been proved to be technically feasible.
Furthermore, it is believed that this improvement will not only contribute to a decarbonization
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of the plant and a lower carbon footprint but will also bring economic benefits to the company
given the savings in fuel consumption.
Moreover, although none of the proposals comply the payback lower than 2 years imposed
by STELLANTIS, new legislative changes, such as the new RITE encouraging new alternative
proposals for air-conditioning might trigger option 3 B of the district heating network.
Among the measures proposed it has been shown that the boiler adjustment measure is the
simplest to implement and the preheating option the most convenient. Also, the airconditioning without district heating option has been proved not to have a very high potential,
as a great amount of power is lost if there it is not sold to a district heating network. In this
sense. The option of the district heating has a high potential, especially if implemented with a
shopping center, but may be difficult in the short term.
Finally, we think that any proposal should operate as long as possible in the year in order
to achieve economic feasibility.
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