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Summary

For the purpose of realizing the energy analysis of the Fluminense facility in Xerém an onsite
inspection was carried out. Through this, the relevant installed energy-consuming equipment
was identified. The characteristic energy consumption of the different systems was analyzed

and the energy savings opportunities were identified.

As a result, a catalogue of 12 measures is presented. Most of these measures address the
operation of the systems and require low investments in capital and effort for their

implementation.

The proposed measures consist of 10 electrical energy saving measures, 1 gas saving

measure and 1 energy generating measures, a Photovoltaic (PV) System.

The electrical energy saving measures have a potential to save 95.359 kWh/year
corresponding to 35,2 % of the current energy consumption. Accordingly, they would reduce

8.115 kg per year of CO, emissions, corresponding to 16 % of the current CO, emissions.

The gas saving measure comprises a solar thermal system that has the potential to save
66.123 kWh/year of the energy provided by gas for water heating, representing 93 % of the
current gas consumption and would reduce the CO, emissions by 28.036 kg per year.

The expected electrical energy generation of the PV System is 152.878 kWh per year. The
electrical generation would balance the consumption left after the 10 energy saving
measures have been implemented. Accordingly, the implementation of the PV System would

reduce 12.536 kg of CO, per year.

As the following table shows, the implementations of all the 12 measures result in yearly
energy cost saving of R$ 132.040 with a projected investment of R$ 1.313.560 the payback

time corresponds 9,9 years.

From which the investments of the PV system with a value of R$ 1.028.160 pays back in 26

years and the investment of R$ 43.200 for the solar thermal system pays back in 4,6 years.

Table 1 shows the summary of results.



Table 1: Summary Results

Seiter] Gas Economic CO, Payback
Energy . . o Investment .
. Consumption | Cost/Savings | Emissions Time
Use/Reduction
(coiiierﬂgﬁon 270.571 71.100 kWh | 166.394 52.333
from 2012) kWh/year (7.110 m3) R$/year kgly
10 Energy i 83.219 8.115 242.200 2,9
Saving 95.359 kWhly kWhly kgly R$ years
Measures
(Reduction) 35,2 % - 50 % 16 %
248.237 66.123 132.040 48.687 1.549.400 9,9
12 Measures kWhlyear kWhlyear R$/year kgly R$ years
Reduction
(Reduction) 91,7 % 93,0 % 79,4 % 93%

As a next step, planning for the implementation of the energy saving measures is

recommended as these measures have different complexities and investment requirements.
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1 Introduction

Energy Analysis Report
for
Fluminense Football Club, Xerém

Figure 1: Fluminense Football Club i Xerém

This Energy Analysis Report provides detailed information on the following:

o Existing conditions of the building along with current energy performance which

includes energy baselines on usage and demand
o Description of the existing energy-related HVYAC mechanical systems

o Description of potential energy conservation measures including peak load

reductions

a Economics and payback period for investments in energy savings and peak-load

reductions

a Recommendations on next steps for further evaluation and for the implementation of

energy conservation measures

This report and its defined measures are based upon on-site inspections, interviews with
technical personnel, available energy data, available technical documentation, access to

the operations parameters and direct measurements by the energy audit team.

In some cases, where data has not been immediately available, theoretical assumptions
were used. These assumptions are technically justified and can be validated or modified

when data becomes available or when additional detailed measurements are possible.
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2 Facility Description

In the site of Fluminense in Xerém are located two buildings one serves as training facility
and the other one serves as a hotel for the athletes.

The following data characterizes the building:

Table 2: Basic Building Data

Basic Site Data
Number of Buildings 2
Build Area 1.550 m2
Operating Hours 07:00 - 22:00 Monday - Sunday

-]

6}
Flummeqs!efFulébol Club

Figure 2: Fluminense Footbal Club, Xerém



3 Energy Consumption and Cost Overview

The facility uses gas and electricity as primary energy source for its operation.

3.1 Electrical Energy
For the purpose of the energy analysis, electricity bills and load records made available

by Fluminense, were analyzed.

There is different metering for the training center and for the Hotel. The electricity is
supplied by the company Light, under the tariff structure A4-Horo Sazonal Azul.

The A4 group is for the consumers with a supply tension between 2,3 and 25 kV.

The group Horo Sazonal Azul is a supply structure for differentiated tariffs according to
the time of the day and season of the year. High Tariff schedule is from 18:30 to 21:30
in summer, and 17:30 to 20:30 the rest of the year.

There is no differentiated tariff structure for the Hotel.

The available data showed the consumption record from February 2012 to December
2012. To have an overview of the yearly consumption the month of January was
calculated as an average of the other months of the year. For the cost calculation of
January, the prices for the month of February where used. The total consumption for
the Training Center in 2012 is 221.716 kWh, with a peak load of 82,1 kW, consequently
2.700 hours of full load operation where calculated. The hotel had a total electrical

energy consumption of 48.855 kWh in 2012, there is no record of power demand.

The characteristic consumption values are shown on the following table.



Table 3: Characteristic Consumption Values, Fluminense Training Center, Xerém

Registered period: February 2012 - December 2012

Characteristic (_Zonsumption Values
Data/ Indicators
Training Center Total Active Electrical Energy Consumption 221.716 kWh
Hotel Total Active Electrical Energy Consumption 48.855 kWh
Total Active Energy Consumption 270.571 kWh
Training Center Electricity Costs R$ 144.356
Hotel Electricity Costs R$ 23.239
Total Electricity Costs R$ 167.595
Training Center Total Reactive Electrical Energy Consumption 993 KVA,

Training Center Highest Peak Load 82,1 kW

Training Center Contracted Power 40 kKW
Training Center Full Load Hours 2.700 hours

The following graph (Figure 3) shows the electricity consumption and the power
demand registered for the period of January 2012 to December 2012, based on the
data registered on the respective invoices and summarized in table 4.

Electrical Energy Consumption and Power Demand

Fluminense - Xerem Training Center 2012

30.000 kWh 90 kW
Total Energy Consumptior221.716kWh

Highest Power Load: 82,1 kW
R$144.356 N - 80 kw
25.000 kWh

\/—/\/_/ [ 0kW

20.000 kWh - 60kw
\ - 50 kW

15.000 kWh EEE N . -
/ - 40 kW
10.000 kWh ~— —pmm—— L B 30kwW
- 20 kW

5.000kwh | - - - s
- 10 kW

Okwh,J_,_—_,_-‘-‘.‘.‘-_,_._,_._,_._,_._,_.;,OkW

Jan/12 Feb/12 Mar/12 Apr/12 May/12 Jun/12 Jul/12 Aug/12 Sep/12 Oct/12 Nov/12 Dec/12

= Consumption High Tariff Consumption Low Tariff —Power Demand High Tariff
—Power Demand Low Tariff —Hired power

Figure3: Enegy Consumption and Power Demafduminense Training Center, Xerérgbruaryto
December2012



Table 4: Electrical Energy Consumption and Power Demand, Fluminense Training Center,

Xerém Registered period: February 2012 - December 2012

Power | Power | Exceeding Exceeding _ _ Reactive Reactive
Date Der_nand Demand| Power Power Copsumpt_lon Consump'_uon En_ergy Energy
ngh LOW I?emand_ Demanq High Tariff Low Tariff ngh Low Tariff
Tariff Tariff | High Tarifff Low Tariff Tariff
Jan/12 | 48kW | 71 kW 8 kW 31 kw 1.422 kWh | 17.055 kWh| 11 W/Arh| 79 R/Arh
Feb/12 | 40 kW | 61 kW 0 kW 21 kwW 474 KWh 9.965 kWh | 43 kVArh| 238 kVArH
Mar/12 | 40 kW | 67 kW 0 kW 27 kW 668 kWh 12.521 kWh | 44 kVArh| 274 kKVArh
Apr/l2 | 51 kW | 67 kW | 11kw 27 kW 888 kWh 13.723 kWh | 31 kVArh| 151 kVArh
May/12 | 57 kW | 67 kW | 17 kW 27 kW 1.894 kWh | 20.096 kWh| 1 kVArh | 94 kVArh
Jun/12 | 46 W | 72 kKW 6 kW 32 kW 1.503 kWh | 17.438 kWh| 1 kVArh | 36 kVArh
Jul/12 | 40 kW | 64 kW 0 kw 24 kW 1.299 kWh | 14.371 kWh| 2 kVArh | 36 kVArh
Aug/12 | 53 kW | 73 kW 13 kW 33 kW 1.696 kWh | 19.562 kWh| 0 kVArh | 7 kVArh
Sep/12| 53 kW | 73 kW 13 kW 33 kW 1.696 kWh | 19.562 kWh | 0 kVArh | 7 kVArh
Oct/12 | 53 kW | 82 kW | 23 kW 42 kW 1.886 kWh | 18.907 kWh| 0 kVArh | 7 kVArh
Nov/12 | 62 kW | 76 kKW 12 kW 38 kW 1.892 kWh | 22.550 kWh| 0 kVArh | 14 kVArh
Dec/12| 41 kW | 76 kW 0 kw 36 kW 1.742 kWh | 18.907 kWh| 0 kVArh | 7 kVArh
133 950
17.060kWh | 204.657kWh KVArh KVATh

The total electricity consumption registered from February to December of the year
2012 is 203.240 kWh, and the calculated consumption of January is 18.477 kWh. The
contracted power is 40 kW, this value is exceeded the whole year in the low tariff
schedule by at least 21,3 kW to 42 kW and in the high tariff schedule is exceeded 7 of
the 11 documented months by at least 5,8 kW to 22 kW. The highest peak load is
registered in October in the low tariff hours with a value of 82 kW, with a fee per
exceeded kW in low tariff schedule of R$ 43,25 this represents R$ 3.158,43.

For the training building, based on the prices shown on this electricity bill considering
power demand and electricity consumption the electrical energy costs for the period of
February 2012 to December 2012 are R$ 132.760,68, taking into consideration the
calculation of January this rises to R$ 144.356.

The average specific cost of energy is R$ 0,65 kWh. This is considering the costs of

electricity consumption and power demand on the different tariffs per kWh consumed.
The costs are summarized in Table 5 and their respective share is shown in Figure 4

The tariff valid in December 2012 are shown on Table 4, these where used for the
economical calculation of the energy saving measures. The different tariffs in year

2012 can be consulted in Appendix A.
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Table 5: Electricity prices according to Horo Sazonal Azul A4 (Dec 2012)
Tariff Value R$
Cost per kW per month (High Tariff) 69,8700 R$
Cost per kW per month (Low Tariff) 25,3337 R$

Cost per kW of exceeding power per month (High Tariff) | 137,7897 R$

Cost per kW of exceeding power per month (Low Tariff) | 50,8600 R$

Cost per kWh (High Tariff) 0,41 R$
Cost per kWh (Low Tariff) 0,26 R$
Cost reactive energy (High Tariff) 0,19 R$
Cost Reactive energy (Low Tariff) 0,24 R$

Electrical Energy Cost Distribution
Fluminense, Xerem Training Center
January - December 2012

Reactive energy
cost HT
0,02%

Reactive energy
cost LT
0,13%

Consumtion Cost
HT
4,47%
HT Cost
9,76%

Figure 4: Electrical Energy Cost Distribution, Fluminense Training Center, Xerém, February to

December 2012



Table 6: Summarized Electrical Energy Costs for Fluminense Training Center , Xerém, in the Period of
February 2012 to December 2013

Cost Elements Cost Share

Electrical Energy Consumption Costs Low Tariff (LT) | R$ 49.266,95 34,13 %
Electrical Energy Consumption Costs High Tariff (HT) R$ 6.451,09 4,47 %
Power Demand Costs Low Tariff (LT) R$ 18.815,75 13,03%
Exceeding Power Cost Low Tariff (LT) R$ 16.527,29 11,45 %

Power Demand Cost High Tariff (HT) R$ 38.996,89 27,01%
Exceeding Power Cost High Tariff (HT) R$ 14.088,95 9,76 %
Reactive energy cost Low Tariff (LT) R$ 183,51 0,13 %
Reactive energy cost High Tariff (HT) R$ 25,65 0,02 %

TOTAL R$144.356

In Figure 5 it is shown the electrical energy consumption of the Hotel with a total of
48.855 kWh. The month with the higher energy consumption is March with 7.600 kwh.
There is no record of a differentiated tariff according to schedule or of power demand

on the invoices. Table 6 shows the data from the invoices of 2012.

Electrical Energy Consumption
Xerem Hotel 2012

8.000 kWh

Total Energy Consumption: 4855 kWh

7.000 kWh Total Cost: R$ 23.239
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Figure 5: Energy Consumption Fluminense Hotel, Xerém, January to December 2012



Table 7: Electrical Energy Consumption and Costs, Fluminense Hotel, Xerém Registered period:

January 2012 - December 2012

Date (E;i(;tglrﬁzlﬁirrzeligzv COLZth.?_;m/;/h Total Cost
Tariff

Jan/12 4.986 kWh R$ 0,4781 R$ 2.383,81
Feb/12 6.727 kWh R$0,47117 R$ 3.169,56
Mar/12 7.600 kWh R$ 0,47095 R$ 3.579,22
Apr/12 7.380 kWh R$ 0,47413 R$ 3.499,08
May/12 3.258 kWh R$ 0,47464 R$ 1.546,38
Jun/12 2.041 kwh R$ 0,47253 R$ 964,43
Jul/12 2.480 kwh R$ 0,4731 R$ 1.173,29
Aug/12 2.600 kWh R$ 0,47174 R$ 1.226,52
Sep/12 3.832 kWh R$ 0,47757 R$ 1.830,05
Oct/12 2.746 kWh R$ 0,47023 R$ 1.291,25
Nov/12 2.459 kWh R$ 0,47174 R$ 1.160,01
Dec/12 2.746 kWh R$ 0,51544 R$ 1.415,40
Total 48.855 kWh R$ 23.239,00

Summarizing the consumption of the training center building and the hotel, the total

electrical energy consumption on 2012 of the site is 270.571 kWh and a total cost of R$

167.595.
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Energy Analysis Report fc

FBE GmbH FLuminense Football CluliXerém

3.1.1 Gas

The overview of gas consumption over the year 2011, according to the data made
available by Fluminense, is shown on the Figure 6. The total gas consumption for

Xerém is 7.110 ms.

Gas Consumption
Xerem 2011
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Figure 6: Gas Consumption, Fluminense, Xerém, January to November 2011

No gas costs where available so far, therefore it was taken the average price that
Fluminense Football Club in Laranjeiras receives of 0,1410 R$/m3. This makes a total
gas cost for 2011 of R$ 10.025.
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3.2 Characteristic Power Demand
The data used to describe the characteristic daily power demand, was provided by the

electricity company. The data shows the recorded power demand every 15 minutes.

The load profile is graphed in Figure 7 for the period of 12" of September to 13" of
October 2013. The operations of the site are at a base load between 27 kW and 16
kW, with a tendency to rise up to 62,21 kW at noon, which can be explained by higher
cooling demand. The power demand decreases to a range between 35 kW tol5 kW
during 18:00 to 22:00 and then stays at base load.

A decrease in load can be seen from 5:00 to 7:00, and then it increases towards the
highest point at noon. This decrement could be explained by switching off the split units
of the dormitories and lights that run at night. A concentration of increments raging 25
kW to 43 kW can be seen from 16:15 to 18:15, part of this period falls in the High Tariff

period.

Load Profile, Football Club Fluminense
Xerém, 12.Sept - 13.0ct 2013
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Figure 7: Load Profile for Fluminense, Xerém, 12.Sept 2013 i 13. Oct 2013
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Load Profile, Football Club Fluminense
Xerém, Mondays, 12.Sept - 13.0ct 2013
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Figure 8: Load Profile for Fluminense, Xerém, Mondays, 12.Sept 20137 13. Oct 2013

As it can be seen on the following figure, the load profile for Tuesdays has a
considerably high peak at noon that reaches 62,21 kW. Overall it maintains a high load

compared to the other days. This could be explained by higher number of courses

during Tuesdays or special events.

Load Profile, Football Club Fluminense
Xerem, Tuesdays, 12.Sept - 13.0ct 2013
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Figure 9: Load Profile for Fluminense, Xerém, Tuesdays, 12.Sept 20137 13. Oct 2013
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Wednesday in the observed period are showing lower load relative to the other

weekdays.

Figure 10: Load Profile for Fluminense, Xerém, Wednesdays, 12.Sept 2013 1 13. Oct 2013

Figure 11: Load Profile for Fluminense, Xerém, Thursdays, 12.Sept 2013 7 13. Oct 2013
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