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Abstract. The constant development of urban areas and ise@@&nergy consumption for thermal comfort encosirag
studies that formulate a methodology for thermoeatin analysis of district cooling systems. The nudijective is to
describe a thermoeconomic methodology related ¢oirttiplementation of district systems in Brazil. Beeondary
objective is to apply the methodology in the stdit8do Paulo, analyzing the premises used in thikadelogy. At first,
an overview and literature review of district hedtiand cooling systems was presented, indicatieig #lvantages and
disadvantages, just as the various applications @mallenges for their implementation. Applicatiamsthe world stage
have been introduced and analyzed, demonstratiagttieir use in several countries extends for desad’he main
advantages observed in the existing applicatiors r@lated to global energy and exergy efficien@duction in
greenhouse gases and reliability of the systermallyi the applied methodology is presented in $ieps in an orderly
manner based on the steps of a district systemegirojts result is based on routines, process stiais and
optimization procedures, as well as applicationeakrgy indicators. At the end of the steps and timaithematical
development, a preliminary study of the feasibiityghe implantation of a district system is ob&nThe present case
study applies the methodology for the city of S@oléand describes in detail the premises and steps

Keywords: district cooling system, energy simulation, exeagglysis, thermoeconomic analysis.
1. INTRODUCTION
11 Overview

The development of urban areas is increasing yfearygear. According to The United Nations (UN)rm@ntly
54% of the world's population lives in urban aread this value is expected to increase to 66% B2 Brazil, it is
no different, according to UN-Habitat report, bybPdnore than 90% of the Brazilian population wdugdiving in urban
areas. (UNRIC, 2014)

The growth of urban areas leads to increase theygiemand. The Ministry of Mines and Energy catmeit
a projection of energy consumption between thesy284.3 and 2022. The study points out that enenggumption is
expected to increase 5.8% per year for commerldas@nd 4.3% per year for residential class. mbeease is due both
to the growth in the number of consumers and tartbiease in per capita demand. (EPE, 2012)

In countries with a primarily tropical and equasbrclimate, such as Brazil, a large proportiontaf energy
demand is for thermal comfort. Nowadays, the Uniftdtes of America has the highest global demamdafio
conditioning equipment, however it is estimated Beazil will exceed this demand by up to two timeshe coming
years and countries like India by up to 14 tim&VAK, 2013)

This scenario spurs consumers to search for méicgeet and reliable solutions. For this purposmteal chilled
water systems for HVAC are widely used in largddings, as they reduce operating and maintenansts @orelation
to individual systems. However, there are certagadivantages in the use of central systems; tmesade the space
required for installation, high initial cost andhitations of the power source. (ASHRAE, 2008)

Among the various alternatives that can be adoptdthndle with the increase in Brazilian energy dedhfor
heating and cooling systems is the implementatfatistrict cooling and heating system (DCS — Dat@ooling System;
DHS — District Heating System).

1.2 District Systems- Background
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According to a report by the National Research €dYNRC, 1985) - a scientific organization andigision
of the National Academy of Sciences (NAS) founded916 - district heating and cooling systems dtrista network
of pipelines that distribute hot water, chilled ambr steam through insulated pipes, attendingireand for heating,
cooling and industrial processes of commercialdings, residences, institutions, universities, tanyi bases and/or
industries. The energy produced by the district grostations can be commercialized similarly to $hée of fuels or
electric energy.

District heating and cooling systems have beensi& for more than a century and their technolodynswn
worldwide but is largely unknown to the public iarpbecause of the variety of nominations for e technology.

For example, in the United States of America (USHgtrict cooling and heating systems (DCS / DH®)also
known as: central plant heating; cooling and steammnicipal heat, cooling, power and steam; cammatiihg; total
energy system; municipal integrated utility systetatal integrated or community energy systemsti@nother hand, in
Europe the most common terms are: distance heatrbgn heating; block central systems. (NRC, 1985)

Nowadays, there are numerous district systemsenredipn in the USA, Europe and Japan. Most of tegstems
have district heating as their priority, so the dechfor steam and hot water is the main concercolmtries with a
mostly tropical climate, DCS is the most commortrdis system and consequently the central pointhef research.
However, the history of DHS and its evolution haipsinderstand the possible issues and solutiomvést in DCS in
tropical countries that do not have spur for itgedepment. Figure 1 presents the number of theicti®nergy systems
in the USA and part of Canada in 2017.
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Figure 1 — District energy systems in United statied part of Canada in 2017. (IDEA, 2017)

Historically, two major types of DHS have developedhe USA. The first one is named as urban systana
consists of heated steam systems developed iathe 9th century to serve urban areas. Many ottegstems were
operated by local power companies. With the adeérdrge power plants away from urban centers]dhecost of oil
and gas (replacing coal as fuel) and the developofandividual boilers have led to decline thipéyof DHS in recent
decades. The second type is used for institutibnédiings. These include universities, military éssindustrial parks,
closed condominiums, offices and commercial congsekn contrast to the urban system, institutisgatems have been
growing in the last three decades in the UnitedeStaRecently, a third type of district cooling drehting is growing in
the US. This type is administered by the munictior by the users themselves reusing old systdrasdoned by
power companies. This new way of administeringnisoeiraged and sponsored by US government depagméhs.
Departments of Housing and Urban Development (HdBJ Energy (DOE), consisting of one of the govemt'se
strategies for developing the community and econofgities. (NRC, 1985)

In Brazil, the development of DCS is inexistent &nere is not district system managed by energypeonies.
One of the possible reasons is that Brazilian pubdilicies do not make feasible the implantatiordistrict cooling
systems. The main problems of viability are relatethe commercialization of electricity, incentvior cogeneration,
structure of the natural gas market, use of mualgipblic goods, public policy of hot water andliglul water distribution,
among others (COGEN et al. 2013). On the other hasttutional district cooling has some succelsskamples, such
as the Globo Production Center - CGP (Projac) md& Janeiro and the Rochavera Corporate Toweldirin Sédo
Paulo (COGEN et al. 2013). Both have cogeneratlantp that use natural gas to supply the enerdeticands of the
complexes. Such systems are beneficial for thegmge and for Brazil that has a limitation in #agergy matrix. In this
way, with the saturated Brazilian energy infrastuoe and the constant growth of the demand, nevorbpipities arise
for the development of DCS in Brazil.
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2. METHODOLOGY

The applied methodology is presented in an ordadpner based on the development stages of a tistsiem
project. Each stage represents the developmentadfiematical models, process simulators, routinabs @ocess
optimization, as well as the application of energicators. These models are applied to synthédicte configurations
that represent a set of processes studied.

2.1  Definition of the study area for feasibility analysis of the district system

A district constitutes a delimited area that hasdings and facilities with potential energy demaaddistrict
can be described from the following parametersatioa, limit of perimeter, number of buildings, atygical climate.

The choice of the region should consider informatmd criteria that benefit the implementation afistrict
system. The main factors influencing the viabibfya DHCS, according to ASHRAE (2008), are: higérthal load and
high annual load factor, in other words, high egergnsumption collaborative with a uniform demanuling the year.

Since the initial district determination is madereri with no quantitative, the selection is basacda qualitative
decision matrix analysis, reporting the main fagtibrat influence the viability of a DHCS. This ialtstep directs the
analysis to districts with greater potential; hoeewvthe implementation of the district is obtairedter analyzing the
demand data, not excluding the possibility of rateating the decision matrix.

The main factors of selection are listed in TalEdch factor has an influence that can vary frofpe®o) to 10
(ten), values closer to "10" represent a greatesipdity of DHCS installation in the evaluated tdist.

Table 1 - Main factors for a decision matrix analys

Factor Description
I High therma loac.
1 Number of buildings/facilitie.
11 Diversity of occupatior.
IV Available are.
\Y Government inceive.

2.2  Determination of district energy demand

The district's energy demand consists of a curtk thie month-to-month values of a typical year let#icity
consumption in kWh and the total thermal load dfdings in tons of refrigeration (TR).

The data used to determine the typical annual gngegnand curve are the actual consumption datatend
thermal load of each building. These data are medsindividually for each building over a period mbre than two
years and the thermal load is calculated for ehemtal zone. So, the following surveys should bdena

- Survey of the real consumption of electricalrggenf the buildings in a minimum period of two ysa

- Survey of the actual consumption of electricrggalestined to the air conditioning in a minimueripd
of two years;

- Calculation of the thermal load of all the thetrmones of each building;

However, most of the buildings have minimal dathected and archived from the consumption of eleityr.
In addition, the thermal load calculation of alhes becomes impracticable for a methodology thiehds to obtain an
initial analysis of the potential for implantatioha DHCS. Therefore, scenarios with different datatroduced and the
procedures to determine the energy demand andtddghiermal load of the district.

The total energy consumption of the district bui@ghi is divided into two main parts:

) Consumption realized by the demand of lighting aqdipment (light bulbs, computers, refrigeration,
furnaces/ovens, resistances, etc);
1)} Consumption realized by the demand of HVAC systéanrss, chillers, fan coils, etc.).

The difficulty of obtaining the data related to fduprevents to survey the real consumption forAG/systems.
Therefore, the thermal load and the consumptiothefthermal zones of each building must be caledldtom a
simulation in the program OpenStudio (OPENSTUDIOQL1®&). This free modeling program uses a simplefate to
model and simulate energy demands on buildingsgutia EnergyPlus program (ENERGYPLUS, 2013). Baidi
modeling is done in three dimensions by an Open&fidg-in for the SketchUp program (SKETCHUP, 2016

Computational simulations are based on typicaleshf occupancy, building materials, lighting agdipment
load presented by ASHRAE 90.1 and available in Gpadlio libraries (OPENSTUDIO, 2016). Therefore, biéldings
of the district should be classified in differeppologies. The main typologies adopted are predant&ab. 2.
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Table 2 — Main typologies presented in OpenStubmaties. (OPENSTUDIO, 2016)

Typologies Occupation Description
A School: School, colleges, universitie
B Residentie Horizontal condominium apartment buildings, single family hou.
C Hospita Hospitals, clinics, medical cent
D Laboiatory Schools with research alaboratory activity
E Office Commercial buildings, office
F Hotel Hotels, motels, hostels, guesthouse, flats, sedviesidence, api-hote.
G Shopping Shopping centers, stores, outlets, commercial ©
H House¢ Single family house, smallcondominiums

Each typology presented has the values in theriibbased on ASHRAE 90.1. However, the typologies of
occupancy related to the patterns of operationeak fgimes, vacation periods, weekends, among otebmuld be
adjusted for each building, regardless of the \@hieeady assigned by the OpenStudio library. Thetges can be
easily modified by the program interface, addinggach typology daily typical values for a standsirdulation year.

The modeling of different building patterns alloas energy simulation to be performed. The simutats
based on a typical climate of the region where DiM@ISe implanted. EnergyPlus has an extensivalijp(WEATHER
DATA, 2016) with typical climates from all region$the globe. The simulation is performed "houthloyr" in a typical
year for the region defined based on typical dap®Y file).

The simulation by OpenStudio results in an extensaport with lots of information about the mod€he
consumption data are presented by the sum of tiheamsumptions of each month. For this reasoe,RDCS total
energy demand data is presented monthly for thealypear considered.

The scenarios presented in the methodology areedeta the availability of measured data:

- Measure data of power consumption of all buildimgth lack of the proportion in relation to the HVAC

consumption;

- Measure data of power consumption of part of thdimgs with lack of the proportion in relation toe

HVAC consumption;
- Lack of measure data of power consumption of thiglimgs and lack of the proportion in relation teet
HVAC consumption.

2.3  Definition of district power plant models

After determining the district total energy demadidferent models of district power plants shoutdvaluated
and defined. The models must have all the necesganponents to meet the district's energy demaas) as gas
turbines, gas generators, power cycles, condenbeilers, steam generators, pumps, heat excharsgetsother
components.

The defined models are presented in a simplifieg,via other words, each component is presented in
representative blocks with their respective inmd autput data. The data specific to each comparambe taken from
manufacturers' catalogs or estimated by mathenhatiodels. Two examples of models are shown in EdgL® and
Figure 11.

The triage of settings should consider selectioampaters, whether they are related to the compsrmerio the
operation:

- Fuel used in the plant (energy input): the defimitof the fuel is fundamental for the selectionttod
generator components of the plant. The selectiouldnbe made using availability, cost, and religpil
information;

- Number of power plants in the district: the numb&power plants in the district can vary and difetr
configurations along the district's distributiortwerk should be analyzed.

- Energy and exergy efficiency: the efficiency dataach component can be obtained through catalogs o
estimated by mathematical models;

- Total district demand: total district demand obéalrin section 4.2;

- Possibility of commercializing electricity with thgrid: the commercialization of energy for the gisda
fundamental parameter for the economic viabilityaddistrict system, therefore it must be evaludted
selection of the models;

- Operating system: determines which demand curvplére will meet - FEL (Follow Electric Load) or ET
(Follow Thermal Load).

The number of defined models should be sufficiemirtalyze and compare the implantation feasitolitpHCS.
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24  Energy, exergy and ther moeconomic system analysis

In this section the models defined in section Afe analyzed based on the first and second laws of
Thermodynamics. The first law is applied to thenplaerforming an energy balance of the systemohjunction with
the second law of thermodynamics an exergy balahdbe system is performed. With both analyzesized| it is
possible to determine the efficiency of each eqeiphrand the overall efficiency. Finally, for theetmoeconomic
analysis a cost balance is applied to each model.

The analysis will be implemented in the EES — Eegiing Equation Solver (EES, 2017) and the valué$es
presented for each defined model.

24.1 Input parametersand hypotheses adopted
For the analysis of each power plant model it isessary to obtain the input parameters of thesstatd/or the
equipment. The input parameters used are basegpmaltvalues found in the literature for distrigtstems, Tab. 3 and

Tab. 4.

Table 3 — Input Parameters.

| sentropic efficiency

Mise

Ener gy efficiency (coefficient of perfor mance)
”er COI:)ciclo

M echanical efficiency

nme(
Input and output temperatures

Tem Ts_aidz
Thermal Load
Q.
Chemical exergy (SZARGUT, 2007) and L ower Calorific Value

Wcomt F)Clcomt
Refer ence state (environment)

T, P,

Table 4 — Predefined states properties (Presserap@&rature, Specific volume, Quality, Enthalpy &xdrgy,
respectively).

State 01

Py T Vi X h oy by
State 02

P, T, Vo % h 5 b
State 03

P3 T3 V3 X3 hg g5 bg
Staten

Pn Tn Vn Xn hn Sn bn

2.4.2  Definition of thermodinamic states

The thermodynamic state of a system is definedokgifying values of a set of measurable propestigfcient
to determine all other properties. For fluid systetypical properties are pressure, volume and ¢éeatpre. (BEJAN,
1988)

Obtaining the predefined states and the input pet@nrs allows the determination of the thermodynastates
of the power plant model. Table 5 shows the thegmathic states and their properties.

Table 5 — Example table of parameters.

Mass Flow P T X h S b
rate

State kgl MPe K Dimensionles| kJ/kg kJ/(kg.K) kJ/ke
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Reference - - - - - - -
01 - - - - - - -
02 - - - - - - -
03 - - - - - - -
n - - - - - - -

24.3 Energy analysis
The energy analysis is performed on each compariéimé models and the global energy efficiencyaisulated.

The analysis is performed using the definition wérgy balance of control volume systems in steaake §1st
law of thermodynamics) and conservation of mass1End Eq. 2.

2 2
Q,.* Y (he+ V%+Ze.g> =Y (hs+ V7s+zs_g) +W, o (1)

WhereQ), . is the heat transfer ratéy, ms are the input and output mass flow rates h are the input, and output

specific enthalpiesy,, V; are the input and output velocitigs; z are the input and output reference elevatigns;the
gravitational accelerationy, . is work transfer rate.

X=Xy )

Eq. 1 and Eq. 2 are applied to each control volwbggining the work and heat rates of each comparfahe

model.

The global energy efficiencyy(gn’ globa) is obtained from Eq. 3, based on the values deted by the energy
balance.

_useful work

Men, global” energy input ®)
24.4 Exergy analysis

Exergy analysis is performed on each componettefriodels and the global exergy efficiency is datedl.

The analysis is performed using the definition xdrgy balance for control volumes, Eq. 4.

Z_L:: Zj (1 - ;_j) . Qj -2 ch + Xim(hi-To.s;) - Xe e (he-To.Se) 'TO-SJer (4)

Where‘;—f is the exergy variation rat&; is the reference thermodynamic temperattiis;the temperatur&y, .
is work transfer ratep) is the heat transfer ratejs the enthalpysis the entropySJer is the entropy generation rate;

The Eq. 4 is applied for each determined contrdiwme, obtaining the exergy values of each compoagtite
model.
The global exergy efficiency;{, globa) is obtained from Eq. 5 based on the values détexnby the exergy

balance.

_ useful work (5)
Mex, global energy input

245  Thermoeconomic analysis

It is a method that combines exergy with converiaroncepts from engineering economics to evalaate
optimize the design and performance of energy syste
The thermoeconomic analysis is developed usingctimeepts of cost balance and average cost perea giv
quantity unit C,,c,), Eq. 6.
Cp

Cp= N_p (6)

WhereN, is the basis used (exergy rate, energy rate, etc).
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To determine the costs involved in the processfdtewing categories of costs are defined:
A. Specific cost of inputs

Cost of the inputs used in the proc%X. The Eq. 7 and Eqg. 8 introduce the specific toshergy cpen)
and exergy basi&,(eg, respectively.

Co,, = ;Lcms [R$/kJ] o
Coy = 22 [R$/K]] (8)
P

Where PCS is the higher heating value;

B. Equipment costs
The equipment costs are calculated consideringuhehase and installation value of the equipmegJ,

fixed and variable operating expens€s,{), maintenance expenses and depreciation factiteahvested
capital C,my)- Equation (9) presents all the parameters inwbfee the calculation.

Cy=Ceap*Com*FC. Comf I+

omf'C omv '€

IHFCA o=l (FH o A FCE ) RSS] ©)

WhereFC is the load factorf are the respective investments fractiris the investment, is depreciation

C. Output process cost
The output costs of the analyzed processes caamtigdated by different methods. The output costioergy
and exergy basis are calculated for each of thewisig methods (if applicable):
C.1. Equality Cost Method: all products have thmeaxergy cost per unit;
C.2. Extraction method: in this method, the studigdipment or component has only one function had t
product of this function is charged with its capdad operational an maintenance costs. In this, ey
user of this product will pay the exergy rate spenivell as the capital, maintenance and otheratipeal
costs;

The result of the analysis introduces the totatpsses costs.

Comparison of results and definition of the district system

The results obtained for each analyzed model ispenet to a reference. The reference used is a maithel

no district system. Therefore, the comparison réopmed in relation to a conventional system thagginot have a
district central.

The decision criteria for the feasibility of DHC@plantation are economic and environmental. Therion

with greater influence and fundamental for the sieci is the thermoeconomic one. Thus, the timetifrn of the
investment is fundamental to make feasible the amigition of a district central.

In addition to the thermoeconomic aspects, enviemtal factors and availability of resources are als

considered. The environmental factor used is timianproduction of carbon dioxide. Table 6 introglsithe
comparison table for the decision-making of thdesysviability.

Table 6 — Example table presenting the criterialdsecomparison of results.

M odel

Energy input Global Global Initial Return on Annual
energy exer gy investment investment carbon gas
efficiency efficiency production

Reference
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3. PRELIMINARY RESULTS

The chapters presented so far define the methogatogeneral without reporting results and numéracaclusions
at each step of the thermoeconomic analysis. Tkiech@pters are based on a case study, more spdgifiapplying the
methodology demonstrated for the city of S&o Paulo.

The case study should apply the methodology aepted previously to evaluate the feasibility ofistritt system
in the city of S8o Paulo from the definition of théstrict to the thermoeconomic analysis. For eatdp of the
methodology the assumptions and parameters adapmgutesented and discussed.

3.1. Definition of the study area for feasibility analysis of thedistrict system

The decision matrix for determining the area toekaluated is applied to the metropolitan area af Baulo. Séo
Paulo city has approximately 12 million inhabitarttee region has a total electric energy consumptio27.4 TWh,
according to the Annual of Energy by Municipalitythe State of S&do Paulo 2016, with 10.9 TW foiderxces, 10.6
TWh for the commercial sector and 2.9 TWh for theustries. In addition, natural gas consumptioapigroximately
895 million m3 for the period, 261 million m3 fondustry, 267 million m3 for thermogeneration, 174lion m3 for
residences, 88 million m3 for the automotive seetod 97 million m3 for the commercial sector. (SEEJRRIA DE
ENERGIA E MINERAGCAO, 2017)

The numbers of consumption and the absence ofalisirstems in the region demonstrate a great patdo be
evaluated, consequently, the decision matrix idieghpo three possible districts: District A - Arm@o de Salles Oliveira
University Campus (CUASO); District B - Region dfet downtown (Paulista Avenue); District C - Comnigrc
complexes.

Table 7 — Decision Matrix — DHCS implantation pdtah

Goal: Determine the district with the highest potenta@ DHCS analys.
Criteria: District with the highest sum of the scores of each f..
Factor: Features with influence on DHCS implantation pdsd.
Weight: Zero (0)- Low potential tcter (10)— High potentia.

Factor CUASO Downtown Commercial complexes
High thermal loa 9 10 8
Number of buildings/facilitie 8 10 5
Diversity of occupatior 8 10 6
Available are 1C 5 7
Government incerve 6 4 1C
Total 41 39 36

After qualitative analysis of the districts and Bgtion of the decision matrix, the area for impktion analysis of a
district system is district A - CUASO.

The university campus has a high energy potentidlavariety of buildings and occupations. Its dinigjs include
educational and research buildings, cafeteriasariies, hospital, administrative buildings, resitlnsports centers and
laboratories present in a total area of approxim&g50,000 m2 with an average daily circulatidr80,000 to 100,000
people (PUSP-C, 2018).

3.2. Determination of district energy demand

At this stage a survey of actual consumption dgthuilding was carried out and data on the powasamption by
building was presented. However, some of the huijslido not have a set of steady data with more onanyear of
measurement. This situation is described in thénouztlogy and the estimated consumption is calodiftten modeling
on SketchUp (SKETCHUP, 2016) and OpenStudio (OPEMNID, 2016) and simulation on EnergyPlus
(ENERGYPLUS, 2013).

The consumptions of the buildings were measureddsst 2005 and 2011 and the following buildingscamsidered
in the district analysis:

- Buildings with measure Power consumption datstitime of Oceanography; Polytechnic School (biermimetal
engineering, electrical engineering, naval enginggy Faculty of Economics and Administration; Sehof Physical
Education and Sport; University hospital; InstitofeBiomedical Sciences (ICB 01 and ICB 02); Facolt Veterinary
Medicine and zootechny; Rectory building; CenteSpbrts.
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- Buildings with estimated power consumption d&atytechnic School (Mine Engineering, Civil Enginieg,
Administration); Institute of Psychology, School@dmmunication and Arts; Faculty of Philosophy,teet and
Human Sciences; Institute of Chemistry; Institutdlathematics and Statistics; Faculty of Architeetand Urbanism;
Institute of Physics; Institute of Astronomy, Gegpits and Atmospheric Sciences, Institute of Gersas; Faculty of
Education; Residential Complex (CRUSP); Facultpadntology; Institute of Biomedical Sciences (ICB)0nstitute
of biology.

Each unit presented above is divided into occupatwith typology according to ASHRAE 90.1. The tigmpes used
and units are:

Typology A — Schools: Institute of OceanographyjyRhnic School (biennium, metal engineering, &ieal
engineering, naval engineering, Mine Engineeririgil Engineering); Faculty of Economics and Admingdion; School
of Physical Education and Sport; Institute of Pgyaby, School of Communication and Arts; FacultyRifilosophy,
Letters and Human Sciences; Institute of Chemiststitute of Mathematics and Statistics; Facultichitecture and
Urbanism; Institute of Physics; Institute of Astoony, Geophysics and Atmospheric Sciences, Instiifi@eosciences;
Faculty of Education;

Typology B — Residential: Residential Complex (CHR)S

Typology C — Hospital: University hospital;

Typology D — Laboratory: Faculty of odontology; finste of Biomedical Sciences (ICB); Institute ablogy; Faculty
of Veterinary Medicine and Zootechnology;

Typology E — Office: Rectory building, Polytechr8chool administration.

Note: Sports practice center is considering ordgteicity consumption (lighting) with none typologlassified.

The power consumption of the buildings that do lmote measured data was estimated using the indichéative
energy consumption, Eq. 10, based on the typoldbashave consistent measure data.

Indicator. _ Total average consumption of the building [kWh]
active energy’ Total area of the building [

(10)

For typologies that do not have measured datatotia¢ consumption is estimated by simulation in @gtadio or
using indicators from other literatures, Eq 11.

Indi _ Total simulated energy consumption [kKWh]
n ICatorestimated consumption Total model area [

(11)

The simulation in Openstudio/EnergyPlus is perfatmsing architectural models close to the realitthe buildings
in SketchUp software. Figure 2, Figure 3 and Figupgesent typology models A, B and C used in traduated district.

"TEHHMBR YA ETSFD-HATPAIVY RARCCE IEYE
A NASAS ME RS-0 PRSI P & ETRd i)

Figure 2 — Typology Model A — architecture of aitg) school detected in CUASO.
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FLHHBR N AT E S+ D oBATPAIDY @BRBCUS TFSE
VAR AS MES T PR IR T Y )

Figure 3 - Typology Model B — architecture of ométwf the Residential complex (CRUSP).

Figure 4 - Typology Model C — architecture of theilérsity Hospital (HU).

After simulation of the models in Openstudio, tlaues of the power consumption and the HVAC congiommf
the models are obtained. Therefore, the consumptigrower energy/HVAC consumption ratio is calcathfor each
typology, Eq. 12.

HVAC consumption of the building [kWh]

Proportloq_NAC— Total model energy consumption [kKWh] (12)

It is worth mentioning that the simulation of HVA®@nsumption is based on unitary systems for typetog, B, D
and E. For typology C a cooling plant was simulaf€dis scenario is the closest to the present, evhesst of the
buildings of USP do not have a cooling plant witthian.

Finally, the thermal load is obtained from Energyand the indicator for each typology obtainedey13.
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. _ Total monthly thermal load [TR]
Ind|cat0rthermal load/area” Total Model area [A] (13)

All the values of each indicator can be checketthéncomplete work. After calculating all indicat@nsd proportions,
the consumption for each district unit is obtainElels, the summation calculation month by montkioiet the district's
annual energy demand, Figure 5.

Monthly demands - CUASO
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Figure 5 — CUASO annual energy demand.

4. CONCLUSIONS

This work assumed the primary objective of presgnéi methodology for the economic analysis of iistystems
and a secondary objective of applying the methaglolp the state of Sdo Paulo, in order to exemphifymethodology,
premises and results.

The methodology was presented in five distinct stbased on the development stages of a diststesyproject.
Each step represented the development of matheahatixlels, process simulators, routines and opditiasia procedures,
as well as the application of energy indicators.

The continuity of the work will be the applicatiohthe methodology in the state of Sdo Paulo. Eselts obtained
so far are related to the first two stages of tie¢hwdology — definition of the study area and deteation of the district
energy demand. As a preliminary result, the analyzdistrict is the University campus - CUASO.
The total measured and simulated energy demampi®samately 43,96 GWh. It is worth pointing ouatlonly one part
of the existing campus buildings was consideratiércalculation. For this demand, the highest mgnthlue of thermal
load occurs in March - approximately 11.200 TR d dhe month with the lowest monthly value occurslity -
approximately 5.900 TR.

The next steps are related to the definition ofpiver plant model and the implementation of thergy, exergy and
thermoeconomic analysis in the EES software. Ihitthe plant will be modeled to meet the camptis#smal demand.
The results of the thermoeconomic analysis of efflned model will be presented and a comparativdyswill be
realized. Therefore, the feasibility of the anatyZ#CS is defined.

Finally, the estimates used will be discussed anaré investigations should lead to more accuredalts.
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