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Abstract. A demand for finding solutions that can providétdreenergy use in hotel buildings is increasingectming
something essential in the reality experiencecdhia $ector in recent times around the world. Arréase in energy
efficiency of hotels through the application of engration systems is a marked gain in competitsgngecoming a
decisive factor for guests and hotels’ stakeholdasswell as a contribution to the sustainabilifyttoe enterprise.

In order to increase energy efficiency in hotellthuigs, this paper aims to present the technicatll @wonomic
feasibility of a cogeneration system using absorptefrigeration cycle applied to hotel air conditing system. In the
analysis performed in this paper, it took into asebthe sector's conditions in Brazilian citiesskd on the fact that
these cities receive an increasing number of tésiesery year, both for cultural events and foribess, and need to
find solutions to reduce their electrical consuropti

Moreover, in recent years, Brazil has been expeiiena significant increase in the cost of eledtyicThe Brazilian
energy matrix is still counting on a major portiof electricity generated by hydroelectric powermita but the use of
thermal power plants is increasing in this matiixorder to offset the reduction in rainfall andetincreasing demand
of the country for electricity (due to larger indnsdemand and increasing electrification acrose ttountry). It is
therefore necessary to seek alternative sourcesgriergy production as well as encouraging the Useogeneration
systems through more efficient generation and gneanversion. Hotels have strong potential for &gilon of
cogeneration systems precisely because it hasaesmergy appliances’ needs (both thermal and &lsad).

From the modeling of all components forming para@ogeneration system such as the combustion aramuiobine,
steam boiler and absorption chiller, a study hasrbenade using the variables that can provide a tgreiafluence on
the maximum condition efficiency of the systemwahale. It is noteworthy that climatic, seasonalttas, fluctuations
in availability and cost of energy sources (whetr@arewable or not) are part of the local realitypcamust be taken
into consideration in this study.

For the scope of this paper, an absorption refrgf@m cycle that uses a mixture of ammonia and n@lél; + H.0)
has been studied. The burning of liquefied petmleyas inside the combustion chamber as a primaeyggnof the
system was considered to meet the absorption ezfipn cycle demand for thermal energy inside ¢geeerator.
Factors that may help to reduce the electrical eonption of the building will be presented, thusuedg the
dependence of electricity and allowing the usel@fraative fuels. In addition, the interactions Wween the various
components that make up the cogeneration systeuplezbwith the varying energy consumption in a hbtelding
(such as HVAC, use of hot water in showers, ekltt)iwill be assessed in order to optimize thergpefficiency of
the whole building.
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1. ACRONYMS
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2. INTRODUCTION

In the present scenario where the global econontpristantly growing, requiring more intensive u$enatural
resources for power generation and for the incredggoduction capacity, the discussion of what thie impacts of
such scenario in the planet sustainability is ingrar Discussions deal on the availability of rases, on its divisions
in renewable and nonrenewable resources, on thacintpat the use of these resources generatesspedialy about
what measures should be taken to avoid a catagtrpbre.

A measure that has been used, taking into accbentrtpact of the use of natural resources, isdtienmal use of
energy. Several countries have adopted differeategfies to encourage economic sectors to usevHiklae energy
more rationally. In Brazil, the Ministry of Minesnd Energy (MME) created the National Program foretgy
Conservation (PROCEL), today administered by Ebrtis. This program aims to promote the rationaleffidient use
of energy in different segments of society throtigl dissemination of qualified information on tlopit (PROCEL,
2015).



Proceedings of ENCIT 2016 16" Brazilian Congress of Thermal Sciences and Engineering
Copyright © 2012 by ABCM November 07-10™, 2016, Vitéria, ES, Brazil

Sustainability is a concept which has been discufsguently and it is coupled with the issue cégarvation of
natural resources. This concept is being appliedifierent sectors of the economy, in order to pedthe impact
generated by these sectors in our planet, ancdier @0 enable future generations to continue takihgantage of all the
available resources. Moreover, it is essentiabidress the rational and efficient use of energy.

Sustainability has been gaining a lot of spacesgent years in the building industry. This sectmmstimes more
than 30% of the energy matrix and more than 60%@flectricity used in the United States (USGB@)9, country
that has one of the highest consumption of eléttner capita in the world (ANEEL, 2008).

A percentage of 52.6% of hotels and motels in sagtern part of Brazil have air conditioning systenstalled,
while in other commercial sectors, these percestage much smaller, such as college and scho®86}9 health
services (10%), banks (8.2%), bakeries (2.6%) dnbscand associations (7.4%). In the case of atasgale with
various types of buildings, it is noted that thpresentation of the HVAC in the hotel industry ignificant. Only in
the southeastern part of Brazil, 52.6% of the lsokelve air conditioning, while in the rest of Btatlie percentage
drops to 32.4% (EPE, 2011).

2.1. Objectives

The main objective of this paper is to study thehtécal and economic feasibility of a cogenerasgstem applied
to a hotel located in the city of Sao Paulo, SRzBr To fulfill this objective, it is necessary éstablish a study of the
energy consumption of hotels, already built andratieg in Sdo Paulo, to set a pattern of consumptiocelectric and
thermal energy of these buildings. To illustrate tmbility for this type of system, optimizationgre made (based on
the energy and economic criteria), as well as gieity analysis to indicate parameters that gosea the operation of
this type of system.

The model and simulation of an absorption cyclengisitmmonia and water (NH- H,O) is done by a semi-
empirical model, which uses as a heat source stgararated by a gas heater (which burns LPG). Sygteameters
were identified in the analysis which could be nfiediin order to evaluate the whole performanceusTlit is possible
to evaluate the best combination of cold and hdemgeneration systems by combining the use ofriakloads with
the ideal use of the electrical source.

2.2. Hotel Sector Scenario in Brazil

The hotel industry is a dependent construction etarkrelation to new projects and retrofits, whids high growth
potential in Brazil, especially in periods when oragvents are held, such as the World Cup Socagtten Olympic
Games in the city of Rio de Janeiro. It is estirddtet, in the years before the World Cup, themduas increased by
about 38,854 new rooms, whereas 238 new projeats lwanched, with the highest concentration oféhestels given
to the cities that hosted the games (Hotelnews201

A hotel is a venture built and normally operated fgoofit, and so it must have a good managementfiaaticial
administration to bring the expected return tortirestors. Among other expenses, the energyshil major expense
that will be managed by the building administratibhe main energy consumption in a hotel is baseélectric power
and, depending on the type of water heating systenthermal energy.

The consumption of a hotel can reach levels of B&H/m2 per year in large hotels (Bohdanowicz, et 2001).
Considering a hotel with a total area of 20,000ang the price of kWh around R$ 0.30, the annuaigncost is close
to R$ 2 million. With these data it is possiblehve an idea of the importance of the right choicsystems that use
energy efficiently. The main systems that genesatergy consumption in a hotel are: air conditiopiatgvators,
lighting system and water heating system.

A hotel building has the peculiarity of a contingooperation (24 hours per day), besides being @ a@mplex
environment, given the diversity and quantity afidtions performed by the set of complementary #igs/that take
place on their premises. Hosting assumes adequmatsinty units, equipped with environmental comfdngrmal,
acoustic, light and ergonomic, well-sized spacegyipped and pleasant environments. It must alsy oel
administrative core activities of building systemsintenance, as well as those related to the mafion of events,
recreation and leisure.

Such functional complexity requires a minimum irtmesnt to make the hotel project economically viable
resulting in a costly venture and a reasonabld fiast of construction, operation and maintenatc®&razil, it was the
increased demand for travel and accommodatiorgerag from the 1980s, which intensified the contipetiin the
sector, thus determining the need to expand theatipa scale, lower costs and diversified actigite# local, in order
to receive an increasing number of travelers, whielhted to move at a faster pace and more often.

In addition to this expansion of the travel and theorporation of new segments of lower purchagiogver
market, there was a great growth in the eventogeathich affected the increase in the share of ohains in the
market, thus threatening the installed hotel. lazy this advance was mainly in the major econoceinters such as
Sao Paulo and Rio de Janeiro.
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The competitive strategies of international netwgokiith strong brands, training programs with ingional
standards, central reserves and capital availalllaat-interest has guaranteed the entrance in theiltan market, to a
number of international economic brands. One of dharacteristics of the economic value of a hotaht in the
Brazilian market is the low fare, as a result afilfaes’ optimization and a number of servicesueed to the essential
minimum for the guest to whom they are addressétiput jeopardizing the quality required for it.

According to estimates of the Brazilian Hotel InttysAssociation (ABIH), the hospitality sector hassets worth
around US$ 10 billion and annual revenues of a8 2 billion, with an estimation of 25,000 lodgifegilities in
Brazil. The market leadership is up to the Accor@ria, which in 2010 had 23,000 rooms in Brazil,osetplace was
awarded to Atlantica® with 12,000 rooms, followedBHG® with 5,500 rooms. It was identified that 6&f¥thotels in
number of rooms are independent, not participatng franchise. Table 1 shows the number of haig$ wlassified by
national, international and independent franchisglid, 2016).

Table 1. Type and Quantity of Brazilian Hotels 019 (ABIH, 2016).

Number of M.arkEt. Number of M.arkEt.

Type of Hotel Hotels Participation ROOMS Participation
(Hotel %) (Room %)

National Franchise 354 4 47,766 11
International Franchise 361 4 65,979 15
Independent Hotels with less than 20 rooms 3,486 37 38,518 9
Independent Hotels with more than 20 rooms 5,323 56 288,594 66
Total 9,524 100 440,857 100

2.3. LPG Market in Brazil

LPG is one of the by-products obtained from theénnefy of petroleum, and is predominantly composédhe
mixture of the two hydrocarbons: PropaneHg} and Butane (§H10). LPG is a stable liquid under pressures between
300 kPa and 1,000 kPa. This facilitates their ggor@nd use in different sectors and end users. Sopwrtant features
may be mentioned, such as the high energy powethendasy operation from the smallest householdleaqme up to
large industrial facilities. Moreover, since LPGaicleaner fuel than other oil by-products, LPG barused in direct
contact with food and items such as fine ceramiithout prejudice to the purity and quality of tegroducts.

Brazil is the fifth largest LPG consumer markethe world, with an annual consumption of 7 millimms in 2010,
behind of the USA, Japan, China and Mexico (EPH,120In Latin America, Brazil stands as the sectargest
consumer, with only Mexico with a higher consumptivhich stood at 9 million tons. In Brazil, LPGsha residential,
commercial and industrial usage. Recently, there wavery strong incentive from the Brazilian goveemt to the
growth of natural gas and LPG in the Brazilian ggematrix in all segments.

LPG has an important role in the Brazilian energtrir and the economy. For various reasons, it imecknown
only as a “cooking gas” and thus is sometimes wexi#nated in their ability to participate in theeegy matrix for
noble uses. Nowadays LPG can fully meet local comdion, and it may be used in new applicationse lik
cogeneration.

3. METHODOLOGY
The methodology applied in this paper can be sunzexdin the following steps:

» Definition of characteristics of the hotel usedefgrence

e Evaluation of the electrical energy and heating aledrprofiles

» Evaluation of the main operation parameters

» Development of the model for the refrigeration aodeneration systems
* Model simulation and analysis of the results

3.1 Characteristics of the Reference Hotel

In this work, the reference model is a hotel whiklsonsidered as a market standard in the cityaof Baulo. The
number of rooms in the same area and usage pategmtaken from some of the Ibis Budget® brand leqi&ccor®):
the buildings are considered medium-sized (aro@@rdoms) and have low cost for the end hostingials decided to
use the data from an unit located in a central 880 Paulo The services offered by these hatelsimilar to each
other: breakfast, lunch, dinner, room service 2drb@ day, and count on meeting rooms, auditorilousiness center
room, among others. As for recreation and leisareises, much of it has a gym, sauna and a swimimarad,
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Through the analysis of the energy matrix in a hatés possible to identify variations due to tblearacteristic of
usage, such as business hotels, weekend, eventslard. The percentage distribution of electricigmands for the
hotels of Ibis Budget® franchise in the city of S&aulo are shown in Figure 1. For the hotel seatater heating and
air conditioning counts for about 42% of total étmity demand of the building, converging espdgialuring peak
hours, time in which these systems are used inaredensity (Ibis Budget® Franchise, 2016).

Others Water
4 43% Pumping Air Conditioning

3.87% 2381%

Elevators

4,77%

Lighting
12.88%

RECL“ perable Refrigeration Hot Water
osses 16.86% 18,35%
15,03% i

Figure 1. Percentage Distribution of Electricityriend in Hotels Located in Sao Paulo, Brazil
(Ibis Budget® Franchise, 2016).

3.2 Current Conventional System (CS) for Air Conditoning and Hot Water Distribution

The current configuration of the conventional systef hot and cold generation sources applied tohitel is
completely independent, and it does not exploitttlermal waste. The system for heating water ispms®ed by 8
(eight) heat exchangers of 25.6 kW, with 2 (two}hase operating as backup, and 6 (six) operatngjrwously (total
power of 153.6 kW). Also, there is 1 (one) 3,0@6rk hot water reservoir.

The chilled water come from 2 (two) electric chile with 1 (one) equipment working as backup. The
configuration of the conventional system provideswater power of 153.6 kW and cold source powed5df kW, and
the scheme is shown in Figure 2.
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Figure 2. Configuration of the Conventional Sysi@).
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3.3 Proposed System (PS) of Air Conditioning

The proposed system combines energy sources amgiment with the best efficiency and economy. Thpora
compression chiller (powered by electricity) is doned with a small absorption chiller (fed by haiter). The heating
water system is fully powered with liquefied petnain gas, combining the hot source of the smalleshslystem, and a
backup heater system.

The synergy of this system converges to the bemttioe in the area of energy efficiency, due to theuced
consumption of energy inputs for generation of dnadl cold sources. In order to adapt the best odtthe number of
small absorption chillers, it was necessary togrenfcalculations for the pursuit of optimum constiowp of energy
inputs involved and its costs. The best configorativas identified through a simulation of three mledvarying the
power of a small absorption chiller and conseqyeadjusting the power of large chiller, as showiTable 2.

Table 2. Power Supplied by Each Configuration affesed System (PS).

Configuration Option #1 Option #2 Option #3
Hot water source (kW) 116 272 504
Chilled water provided by main

electrical chiller (kW) 897 827 721
Chilled water provided by small 53 123 229

absorption chiller (kW)

The hot water demand is the determining factottersystem design. An increase in power of the lssthabrption
chiller causes a considerable increase in the ggaarof hot water. The choice for Option #1 canjumified by the
analysis shown in Table 3: as the number of smadbgption chiller raises, the generation of hotewattarts to
consume more LPG, becoming ineffective for the psepof this analysis.

Table 3. Cost Comparison for Each ConfiguratioRPafposed System (PS).

Expenses (R$/year) Expenses (R$/year)

Configuration for Hot Water (LPG for Chilled Water
Consumption)

Conventional System (CS) 83,592 551,237

Proposed System (PS) — Option #1 44,064 431,516

Proposed System (PS) — Option #2 102,816 430,134

Proposed System (PS) — Option #3 190,444 419,351

The configuration of the Proposed System (Optiopdéh be considered the most economic feasibleedan a
market comparison of each energy cost, it is ptesgi have the total savings for each system. D& energy
expenditure of the proposed system was comparddtiaét conventional system in order to identify ggest savings
achieved, as shown in Table 4.

Table 4. Comparison of Proposed System (PS) Savings

Savings (R$/year)
Compared to the
ventional System (CS)

Total Energy

Configuration Expenses (R$/year)

Conventional System (CS) — 950 kW 634,829 -

Proposed System (PS) — Option #1 — 897+53 kW 415,58 -159,249
Proposed System (PS) — Option #2 — 827+123 kW 582,9 -101,879
Proposed System (PS) — Option #3 — 721+229 kW 6%50,2 -24,534

The proposed system, option #1 (PS1), shown inrEi@y provides 97 kW of hot source and 950 kW dfl co
source: the large electric chiller provides 897 kWi it is complemented with 53 kW from a small apson chiller
(considering the LPG as its energy input). Theviater receives heat from the small absorptionehifind also from 1
(one) heater of 105 kW, installed as a backup. Alsere are 2 (two) tanks of 3,000 liters eachigihesl for hot water
storage. The chilled water is provided by 2 (twkctic chillers, one of these works as a backupipggent, and 4
(four) absorption chillers each equipment with pagzty of 17.6 kW, one of these is installed asekiop.
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Figure 3. Configuration of the Proposal System (PS)

In order to achieve an ideal balance of the systhenpperation of the small absorption chiller sedias a priority,
and according to the demand increase, the elatiiiier comes into operation.

4. SIMULATION AND MODEL EVALUATION ANALYSIS

4.1 Total Energy Consumption

Using the models proposed previously presenteariogmance analysis was made, and some adjustrimetiie
parameters were done to achieve the objectiveduiting the energy consumption of the hotel.

Table 5. Annual Total Energy Consumption (in kwWh).

Hot Water Annual Chilled Water Annual
Consumption Consumption
Conventional Proposed Conventional Proposed
System System System System
Energy Consumption (kWh) 431,568 227,493 1,312,470 1,085,104
Savings using Proposed System -204,075 (47%) -BB A B7%)

A reduction of 47% in the hot water system and & Is&vings in the chilled water system were achielteid
noteworthy that the biggest difference obtaineth& hot water system is due to the combinationesfegation sources
resulting from use of thermal waste of the smadlcaption chiller. The reduction evaluated in thdleth water system
is identified by relieving the electrical chilledue to the small absorption chiller operation, tlsesking the best
efficiency and operating flexibility between botyseems.

4.2 Total Cost of Fuel and Electricity

The annual cost of fuel and electricity is showTable 6, related to each source of energy. Theafadectricity
for a hotel in the city of Sao Paulo has been fixeB$ 0.42 per kwWh, and the LPG cost has beenl fixeR$ 2.50 / kg
of fuel. The usage factors considered (percentddsoors of usage per day) were 30% for hot watet 50% for
chilled water.
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Table 6. Annual Total Cost of LPG and Electricity.

Hot Water Annual Cost Chilled Water Annual Cost
Conventional Proposed Conventional Proposed
System System System System
Annual Cost (R$) 83,592 44,064 551,237 431,516
Savings using Proposed System -39,528 (47%) -119272%%)

This analysis has identified a cost reduction iteorto have hot water of 47%, and a cost redudtohe chilled
water of 22%, due to the consumption and the vadfienergy inputs involved (electricity and LPG).

4.3 Comparison Between Conventional and Proposed §gm

A comparative consumption and total energy expenelibetween the configurations was conducted tenstand
the impact of the whole system, and this can be se€able 7.

Table 7. Total Energy Consumption and Cost Comgparis

Conventional Proposed Savings using
System System Proposed System
Energy Consumption (kwWh) 1,744,038 1,312,597 481 (25%)
Annual Cost (R$) 634,829 475,580 -159,249 (25%)

A 25% reduction in energy consumption and totat t@s been achieved, consolidating the proposadttied in
the consumption of energy inputs. This leads totential application of the Proposed System intelHuuilding.

5. CONCLUSIONS

Energy consumption in the commercial sector (incigchotels) and scenarios of electricity generatam be
concluded that the direct use of fuels can conteilia energy rationalization in Brazil. Electricity a form of high-
quality energy and should therefore be designedotae applications, i.e. where it cannot be replabg another
energy source.

The hotel industry has been growing in its occugamte and may require supplementation in air dordng
systems and hot water, requiring analysis of invests to consider spending on energy inputs ingblvEhe
configuration of the Proposed System presentechis work is recognized in the regulation of PROCIBLtopic
"Efficient Buildings" for the commercial sector ¢enerate hot and chilled water, contributing torowed ranking in
the labeling of the building system.

The combination of hot and chilled water generatibrough the use of LPG results in a reduction nergy
consumption during peak hours, and the expansighi®fpplication would contribute considerablythie reduction of
heavy investments in the generation, transmissimmhdistribution of energy electric. Despite the émviinancial costs
for the Proposed System, it appears that the téatynas not very widespread commercially. It is pibte to name a
few difficulties for the expansion, such as a remtlitechnical assistance network and national sef@®sentatives,
equipment import time (and relative bureaucracyeissed), and even a certain lack thereof by stalkieins.

Suggestions for future work can be named, suchoaslucting heating studies of water through solamefs
enabling a significant reduction in energy consuamptAnother interesting point to be compared wiih economic
analysis, which is often widely analyzed in Eurapeauntries, is a reduction on the gas emissiondhases the so-
called "greenhouse effect" on the planet.

The economic impact of the proposed solutions énhibitel model could also be assessed in futurerpafeaeturn
on investment analysis (pay-back) can be perforammbrding to the viability of the set of solutioadopted. This
return of expenses related to the project is therdening factor to cause an improvement in comsion, and that will
likely be considered by the owner of the buildirig@ding to the socioeconomic, political and envimental aspects
of the area that the hotel belongs.

The characterization of the hotel (for weekend &jemweekend events, business, tourism, resorts) eam
influence the demands of hot and chilled water, sexves also to identify the breakeven point fa&r ttumber of
equipment to be used. Some limitations to this typeesearch require an extensive survey, whichgakto account a
database for several hotels in various regionsra#iB identifying their climate variations oveldang period of time to
carry out more faithfully the load of the hot araccsources.

The development of a quantitative expanded regulatregarding the use of a broader concept of gredfigiency
would quantify the primary energy consumption, #mas identify which technological routes and theshappropriate
energy inputs for useful energy production, chanmdzing as well as an important tool for energyogfhcy policies.
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