g e roe N »

ol ol ,» <
o SISTEMAS DE 1 N & g.} «
AGUA GELADA A8 eI 3
pd P> P

) p o> :
27 NLLLS < < »04‘4‘. R AN
PRI S 20 T 2 S Y 2 A A

” 4 4
Pro;eto Demonstrativo para o) Gerenmamento
Integrado no Setor de Chillers

CAG Otimizada para Sistemas com
Chillers em Série e Resfriamento
Dedicado de Ar Externo

Eng. Francisco Dantas — Interplan
01/04/2016 - Fortaleza

Execucéo Implementacéao Realizacéo

D

SOMAR"




ABORDAGENS

PARTE |

PARTE Il

PARTE |l

. 1
. 2

PARTE IV

V.1
V.2

PARTE V

CENARIO MUNDIAL ENERGIA X EMISSOES

EFICIENTIZACAO ENERGETICA
ERV — DOAS — DCV - VAV

PREPARACAO PSICROMETRICA
DESACOPLAMENTO SENSIVEL X LATENTE

THIC POR DESSECAGEM
THIC POR RESFRIAMENTO PROFUNDO

INTRODUCAO AOS PROCESSOS RADIANTES

VIGAS FRIAS
PISO FRIO RADIANTE

OTIMIZACAO TERMODINAMICA
ESCALONAMENTO DA PRODUCAO FRIGORIFICA







FROSAAMA
ERASILEIRO DE
ELIMIAACAD DOS

400

380

360

340

PARTS PER MILLION

320

Atmospheric CO, at Mauna Loa Observatory

Scripps Institution of Oceanography
NOAA Earth System Research Laboratory

1
March 2016

1960 1970 1980 1990 2000 2010

Fonte: http://www.esrl.noaa.gov/gmd/ccgg/trends/



FROSANDA
ERRSILEIRDDE
EUIMIAACAD DOS

Emissions by source, high-income and transition economies

Nearly all greenhouse gas emissions from high-income and transition
economies (those listed in Annex | of the Kyoto Protocol) are linked to energy
use (86.6 percent), including power generation, transport, and building

heating and cooling.

Share of emissions, 2000 (Annex I)

Land use change
and forestry —1.6%

Waste 2.8%
Agriculture 8.7% ==\ |II

Industrial processes 3.7%

Source: WRI 2008,



FROSAAMA
ERASILEIRO DE
ELIMINACAD DOS

Energia mecanica utilizavel  (Clagsificagdo de diferentes tipos de energia:

s

Exergia | S
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©
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Anergia -
@

Q

o

o

Fig. 6.4 Diagrama de transformagdo de energia

Fonte: Manual REHVA N2 7
Adaptado da VDI 6022

Perda de calor

« exergia pura: trabalho mecanico, energia
eléctrica, cuja conversdo para qualquer
outro tipo de energia € possivel;

* mistura de exergia/anergia: energia térmica,
energia interna, combustiveis, parcialmente
convertiveis para qualquer tipo de energia;

eanergia pura: energia em condigdes
ambientes, sem possibilidade de conversao.



2,3 Ah a 43°C
Exergia 100 kJ >> 7,28 kJ

a temperatura ambiente de 20°C

Fig. 6.5 Exemplo de energia eléctrica de elevada
qualidade e energia térmica de baixa qualidade [22], [34]

Fonte: Manual REHVA N° 7
Adaptado da VDI 6022



Table 5. Quality factors of different
energy sources at reference temperature

20 °C.

source fg{l:]t?:: ::{5;
Mechanical energy 1.00
Electrical energy 1.00
Solar radiation 0.95
Nuclear fuel 1.00
Fossil fuels 0.90
Thermal at 100°C 0.21
Thermal at 40°C 0.06
Thermal at 20°C 0.00

Fonte: Guidebook to IEA ECBCS Annex 37
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Figure 1a. Energy supply by means of high quality energy sources
far a typical building with several uses at different quality levels.
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Figure 1b. Energy supply with sources at different quality levels .
. for a building with reduced heat demand. REVHA Workshops Clima 2010
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On the Cutting-Edge of HVAC and CHP Technology
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TECNOLOGIAS DE EFICIENTIZACAO

4 THE 15 TECHNOLOGY OPTIONS SELECTED FOR MORE REFINED STUDY

Section 4 of the report presents the analyses for the 15 options selected for more refined
study (see Table 4-1), with each sub-section containing the results for a single technology
option.

Table 4-1: Energy Savings Potential Summary for 15 Options

Technology Option L Eiﬁi’nﬁ?&i’éﬁifi
atus
(quads)
Adaptive/Fuzzy Logic Controls New 0.23
D Dedicated Outdoor AirSystems | Curment ek 085
Displacement Ventilation Current 0.20
Electronically Commutated Permanent Magnet Motors | Current 0.156
: S e e T e T S
LVENHIAUON | eeeessssessssssssssssssssssssssssssssssssssssssssssasacs T NS Z
Heat Pumps for Cold Climates (Zero-Degree Heat AivETiced 01
Pump)
Improved Duct Sealing Current/New 0.23
Liquid Desiccant Air Conditioners ...k Advanced .....02/0087 ..
)/, Microenvironments / Occupancy-Based Control | Current 1007
Microchannel Heat Exchanger New 0.11
Novel Cool Storage Current 0.2/ 0.03"
il'ﬁéid'iﬁﬁi'ééil'iﬁélé'd'oll'i'ﬁ'gj';’léﬁfl'léa'éééfﬁ"""""""""""m T e
|:> '"é'n:ﬁ'éiil'é'r"(':féh't'fi'f'lj'g"él"(35&35}555555 ................................... e R 11
System/Component Diagnostics New 0.45
Variable Refrigerant Volume/Flow Current 0.3

Fonte: http://doas.psu.edu/DOE_report.pdf
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PTAJFIN BT3 8 LATIEAZBITY AR ERI1| AT

Tabela 1

T Estéglo | Potencial ff oo - Opcao de Tecnologia Estagio Potencial
piis GRS AiEAL ) para economia anual
Légica difusa para controles® Nova 21.100 GWh @ « i |
istemas dedicados ao ar exterior* Corrente | 41.300 GW'hI 6gica d_ijusa para Controles » Nova 21 _100 GWh
Eenu’lacao por deslocamento Corrente | 18.300 GWh Lan de resfriqme
fotores de corrente continua Corrente | 13.800 GWh & Sistemas dedicados ao ar exterior* Corrente | 41.300 GWh
Recuperadores de energia para ventilagao® Corrente | 50.500 GWh 1 . _
ombas térmicas para climas frios Avancada | 9.200 GWh Vent]la(;ao por deslocamento Corrente | 18.300 GWh
plementacdo de selagem dos dutos® Corrente/ | 21.100 GWh -
Nova _ i Motores de corrente continua Corrente | 13.800 GWh]
Condicionadores por liquidos dessecantes Avancada | 18.300 Gwh i
ocadores de calor de microcanais Nova | 10.100 GWh Recuperadores de energia para ventilacao Corrente | 50.500 GWh
imatizad : i bient C t 6.400 GWh
Betobalte. e Consderando o Bombas térmicas para climas frios Avancada | 9.200 GWh
ovos sistemas de termoacumulacio Corrente | 18.300 GWh e '
E:::. Tadiantes (viphs fries) e e o ...‘f."n: e Implementacao de selagem dos dutos* Corrente/ | 21.100 GWh
pressores centrifugoes de pequeno porte | Avancada | 13.800 GWh s t&rmical N()Vé]_
Diagnosticos de componentes e sistemas* Nova 41.300 GWh srande preocupaci
r'olumederefngemnte varidvel Corrente | 27.500 c:wtn! . e Condlclonadores por liquidos dessecantes Avancada | 18.300 Gwh
o R ) G S S ocadores de calor de microcanais Nova 10.100 G
abo m sobre Eficientizacao Estados Unidos totalizam cerea de | : : : =
Energetieill w.m.., s de 5.5 hilhdes de metros qu > Chmatlzadores de microambientes Corrente 6.400 GWh
HVAC iniciac don” 35 sendo aprosimadaments .
(Julho/ 2003) r|. Ilm higClimati- 1ol climatizados com cal de trabalho
-, COT o artigo ula O1% o friame
mento do Ar®, W a’ coins B AVAE i ovos sistemas de termoacumulacéao Corrente | 18.300 GWh
No final do referido artig 2o foi | Wei dadamente, a maior [rarce la
apre Tm ado um preambulo ]”Ii“ . ’:: mi T energia elétrica - 'TetOS radiantes [Vlgas fl‘laS) Corrente 55000 GWh.]
estudos e || -1|l|| s feinos |n MW desses e SULIIE =56 6 COnsi- I PIOCESSD O 7 L
mo de er -k 000 GWh  dos cstudos e “Compressores centrifugos de pequeno porte | Avancada | 13.800 GWh
por ano o rileepea "1'*_" de "J;' lesgl
400,000 G “!-s : obieweands v AN gnésticos de componentes e sistemas* Nova | 41.300 GWh
cvista r!il F. - .
o Sl _Volume de refrigerante variavel Corrente | 27.500 GWh_
¢io e ar condicionado (AVAC) Eam valores percentuais o ar partir de "n’."

24 - CLIMATIZAGAO * AGOSTO 2003

* Tecnologias com artigos ja publicados na Revista da ASHRAE.
_— . -
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Figure 4-1: Schematic of a Dedicated Outdoor Air System (from Mumma, 2001a)
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(THIC) air-conditioning system™
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Indoor
environment
COV
Air conditioning Terminal
-1
Humidity Outdoor air ~ Dry Displacement Control
control system processor —»  ventilation — indoor
Personalized vent. humidity
Temperature Summer; Water ~ Radiant csiling Confml
control system Cooling — _ — indoor
Dry FCU temperature
Figure 6.7: Device scheme
In the southeast of China, where many large buil-
dings are located, the outdoor air is humid: the main Demonstration projects

task of air-conditioning systems is to dehumidify the
air. Liquid desiccant dehumidification method is
recommended.

In the northwest of China, the outdoor air is dry and
the main task of air-conditioning systems is to decre-
ase its femperature. Direcily or indirectly evaporati-
ve cooling is recommended.

From 2005 so far, over 1,000,000 m? buildings in
the southeast of China have odopfed |iquic| desic-
cant based THIC systems; over 100,000 m? buil-
dings in the northwest of China have aclopfed eva-
porative cooling based THIC systems.

Fonte: ECBCS Annex 49
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TECNOLOGIAS DE EFICIENTIZACAO
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3 System/Component Diagnostics
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Figure 1-3: Estimated Technical Energy Savings Potential and Simple Payback Periods for the 15
Options

Fonte: http://doas.psu.edu/DOE_report.pdf
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PREPARACAO PSICROMETRICA
DESACOPLAMENTO SENSIVEL
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1.1 THIC POR DESSECAGEM
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DIAGRAMA PSICROMETRICO

PSYCHROMETRIC CHART - NORMAL TEMPERATURES 4
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SISTEMA DE RESFRIAMENTO

EXEMPLO TiPICO
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Cosorption Test Results: Berry College
“Cleaning” Effect of Composite
Desiccant Active Wheel

Contaminant Outdoor Air Concentration (uz/m3)  Supply Air Concentration (ug/m3)  Removal Efficiency
2-2-butoxyethoxy)ethanaol 66.9 9.9 85%
2-butoxyethanol M43 8.2 76%
ethosuximide 47 6 0.8 Q8%
hexadacane 266 L 79%
isopropylalcohal 298 08 a97%
limonene R3iB 30 4%

Total VOC Concentration 8949 179 80%
iconsidering all contaminants)

Percent Removal of Outdoor Air Contaminants ( contaminants with the highest concentration)
Results of DOE funded research program, completed by the Georgia Tech Research Institute
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Matéria Revista Climatizagdo Junho/2001 [ N7

. DESUMIDIFICAGA[S]
Operacao

.'R.rocesso alternativo de
tratamento do ar externo

Todos os condicionadores. tanto os
(que retiram a carga térmica interna
(tratamento do ar de recirculacio),
quanto os que retiram a carga cxterna
(tratamento do ar de renovacao) operam
com serpentina seca, permitindo cle-
vacao da temperatura da agua gelada.
Ao invés das temperaturas usuais (entre

=

5 e 7 °C), utiliza-se a agua a 12 °C.

*Francis ) Durntas
[ ]
L ]

Fluxograma generico do sistema
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RELATORIO DO PONTO & DO PROCESSO DO ESTADO

Relate A Data: segunda-feira, marco 28, 2016 Altura: 0 (Meters)
Informacg3o Do Projeto: PADRAD Barometnc Pressdo: 760,001 (mm Hg)
Atmosférica Pressdo: 101,325 (kPa)
1, New 1
DADOS DO PONTO DO ESTADO
Fluxo Temperatura
Ce Ar Cie Bulbo Temperatura Umidade Relagio Volume Enthalpy Ponto De Densidade Vaporize A Umidade
(Real) Seca Isobarica Relativa Da Umidade Especifico Crvalhe Pressao Absoluta
[Lis) {°C) (*C} (%) ig'kgl {cu.m/kg) (kg ¥ *C) (kgicu.m) {mm Hg) {g/cu.m}
28 35,000 23,925 40,0 14,20 0,883 71,580 19,3828 1.1368 18,8632 15,007
2, New 2
DADOS DO PONTO DO ESTADO
Fluxo Temperatura
De Ar De Bulbo Temperatura Umidade Relac;.io Volume Enthalpy Ponto De Densidade Vaporze A Umidade
{Real) Seca Isobérica Realativa Da Umnidade Especifico Crvalho Pressio Absoluta
[Lis) {°C) [*C}) (%) (g'kg) {cum'kg) (kJikg ) *C) {kglcu.m) {rmm Hg) {g/cu.m}
180 24,000 17.057 50.0 B.24 0.854 47,888 12,9485 1.1818 11,1874 10,833
3, New 3
DADOS DO PONTO DO ESTADO
Fluxo Temperatura
De Ar De Bulba Temperatura Umidade Relagio Volume Enthalpy Ponto De Densidade Waporize A Umidade
(Real) Seca Isobarica Relativa Da Umidade Especifico Crvalho Pressio Absoluta
[Lis) {°C) *C) (%) {a'kg) {cu.m/kg) (kg ) *Cl {kgicu.m} {mm Hg) {g/cu.m}
188 25,085 18.186 48,8 10.04 0,860 51,2890 14.0418 1.1751 12,0234 11.877

Progess: Air Mixing

Fluzeo Temperatura Fluxo Temperatura
Mome Do Ponto No. 1 Do De Ar De Bulbo Relagio Nome Do Ponto Mo. 2 Do De Ar D& Bulbo Relagdo
Estado Real Seca Da Umidade Estado Real Seca Da Umidade
(Liz) [°C) (gfkg) Lis) ("C} tglkg)
Mew 1 28.0 35.0 142 New 2 160,0 24.0 8.3
4, New 4
DADOS DO PONTO DO ESTADOQ
Fluxo Temperatura
De Ar De Bulbao Temperatura Umidade Relac_;.in WVolume Enthalpy Ponto De Densidade Waporze A Umidads
(Real) Saca Isobarica Realativa Da Umidade Especifico Crvalho Pressdo Absoluta
Lis) {"C) {*C} (%) {g'kg) {cu.m'kg) (kJikg) {"C) {kglou.m) {mm Hg) {g/cu.m}
178 13,200 12,428 1,7 B.70 0,822 35,235 11,8887 1.2269 104434 10,581
Process: Cocling Coil
Relagio Do Relagdo De
Totalize Totalize A Energia Energia Dehumidification Calor Enthalpy/Relagdo Da
Comece O Mome Do Ponto Refrigerar Energia Sensible Latents Sensible Umidade
(KW fhr) (W ihr} (W) {W/hr} (kg'hr) (kJ/kg { gikg)
Mew 3 -3,510 -3.510 -2.785 -T45 -1.1 0,788 11,883

(] (] (]
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PTAJFIN BT3 8 LATIEAZBITY AR ERI1| AT

RELATORIO DO PONTO & DO PROCESSO DO ESTADO

Relate A Data: segunda-feira, dezembro 14, 2015 Altura: 0 (Meters)
Informacdo Do Projeto: Barometric Press3o: 760,001 (mm Hg)
Atmosférica Pressdo: 101,325 (kPa)
1, New 1
DADOS DO PONTO DO ESTADO
Fluxo Temperatura
De Ar De Bulbo Temperatura Umidade Relagdo Volume Enthalpy Ponto De Densidade Vaporize A Umidade
(Real) Seca |sobarica Relativa Da Umidade Especifico Crvalho Pressdo Absoluta
{Lis) (°C) (*C) (%) {alkg) {cu.m/ikg) (kJikg) {*C) {kg/cu.m) (mm Hg) {gfcu.m)
57 32 700 26,700 62,9 19,82 0,894 83,625 24 7156 1,1416 23,3710 22175
2, New 2
DADOS DO PONTO DO ESTADO
Fluxe Temperatura
De Ar De Bulbo Temperatura Umidade Relagdo YVolume Enthalpy Ponto De Densidade Vaporize A Umidade
(Real) Seca |sobarica Relativa Da Umidade Especifico Orvalho Pressdo Absoluta
{Lis) ("C} c) (%) {9/ka) (cu.mikg) (kJikg) ") tkgfcu.m) {mm Hg) {gicu.m)
52 14,000 9,782 58,5 582 0,821 28,775 £,0073 1.2255 7,0185 7.091
Process: Cooling Coil t
Relage Do Relagao De
Totalize Totalize A Energia Energia Drehumidification Calar EnthalpwRelatdo Da
Comece O Nome Do Ponto Refrigerar Energia Sensible Latente Sensible Umidade
..., {Whr) {Wihr} (Wrhr) OO 11 o O PO {kJikg f gfkg)
Mew 1 i 34098 -3.498 -1.211 -2.287 R i 0,346 3,901

1 ] 1
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PTAJFIN BT3 8 LATIEAZBITY AR ERI1| AT

RELATORIO DO PONTO & DO PROCESSO DO ESTADO

Relate A Data: segunda-feira, dezembro 14, 2015

Altura: 0 (Meters)

Informacdo Do Projeto: Barometric Pressao: 760,001 (mm Hg)
Atmosférica Pressao: 101,325 (kPa)
1. New 1
DADOS DO PONTO DO ESTADOD
Fluzo Temperatura
De Ar De Bulbo Temperatura Umidade Relagdo YVolume Enthalpy Ponto De Densidade ‘Vaporize A Umidade
(Real) Seca lzobarica Relativa Da Umidade Especifico Orvatho Pressdo Absoluta
(Li=) (°C) (°C) (%) {g/kg) {cu.mikg) (kdikg) {"C) (kgicu.m) (mm Hg) {gfcu.m)
204 24 D00 17,057 50.0 034 0,854 47 886 12 9495 1.1819 11,1974 10,933
2, New 2
DADOS DO PONTO DO ESTADD
Fluzo Temperatura
De Ar De Bulbo Temperatura Umidade Relagdo Yolume Enthalpy Ponto De Densidade “Vaporize & Umidade
(Real) Seca lsobarica Relativa Da Umidade Especifico Orvalho Pressdo Absoluta
(Lis) {*C) °C} (%) {gfkg) fcu.mikg) {kJ/kg) (°C) (kgl/cu.m} (mm Hg) {gfcu.m)
2&4 '''''''''''''''' 14 000 13,369 934 934 0,825 37,669 12 9531 1.2230 11,2001 11,316
Process: Cooling Coil t t
Relagéo Do Relagio De
Totalize Totalize A Energia Energia Dehumidification Calor EnthalpyRelatdo Da
Comece O Nome Do Ponto Refrigerar Energia Sensible Latente Sensible Umidade
(KW fhr) Wihr) (Wihr) (W /hr) (kg/hr) {kJikg { glkg)
Mew 1 -3,516 -3.516 -3.518 2 0,0 1,001 -4 494 716

L]

L]

L]




RESFRIAMENTO COM MENOS AR



FROSAAMA
ERASILEIRO DE
ELIMINACAD DOS

This arficle was published in ASHRAE Joumnal, December 2002, Copyright 2009 American Sodety of Heeting, Refrigerating and Air-Condiioning
Engineers, Inc. Posted at www.ashrae.org. This article may not be copied andior distibuted slectronically or in paper formn without permission of
ASHRAE. Formors information about ASHRAE Joumal, visit www asbras.ong.

Warm Air Rises |

n
Cooling With Less Air

Using Underfloor Air Distribution and Chilled Beams

By Steve Weidner, P.E., Member ASHRAE; Jarome Doerger, P.E., Member ASHRAE; and Michael Walsh, P.E.

Fonte: ASHRAE Journal December/2009
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- ’

Water pipe Air duct circa

diameter circa 450mm? 7 18"x18"°
25mm/1°

FIGURE 5-6 Approximate comparison between water and air transporting equivalent energy.

Fonte: GUIDEBOOK No. 21 REHVA Edition
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Primary Air
(Part 1) & <
Ak L XX 1N
] / ' \ [
Supply Air
Room Air (3 to 6 Parts)
(2 to 5 Parts)
FIGURE 8-2 Typical operational principles of active beam.
rmanse - 5 —
Supply Air R O F_I
’-"ﬂ X XN N
Supply Airflow Supply Adrflow

Room Air

FIGURE 8-3 Typical function of different types of active beams.

Fonte: GUIDEBOOK No. 21 REHVA Edition
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he i
Lighting heat extracted in exhaust

N o oy - -

beam Chilled ceiling panels

TN
=
7

Displacement ventilation <G

Figura 4.3. Exemplo de um sistema de vigas
passivas de perimetro. Pode ser utilizado com
diferentes tipos de tectos climaticos como ilus-
trado (paneis de tecto arrefecidos e insuflagdo
de ar pelo chado), sendo também aplicavel a
sistemas de vigas activas ou passivas. Fonte: Manual REHVA — Vigas Arrefecidas
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65 /s
18,5 deg.C
50 /s
24 deg.C
65 l/s
18,5 deg.C

Figura 4.2 O funcionamento de vigas arrefecidas

activas é baseado na indu¢do de ar ambiente . .
atraves do permutador de calor. As taxas de indu- Fonte: Manual REHVA - Vigas

cdo variam entre 1:3 e 1:5 consoante o projecto. Arrefecidas
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Temperatura [¢]
Linhas de corrente Temperatura

TR VS M) 21 22 23 Pr 23 7& 27 DA

Figura 5.1 O sistema de vigas arrefecidas gera condicdes de conforto (velocidade do ar e temperatura)
quando o projecto de sistema e de construcdo do edificio e bem concebido.

Fonte: Manual REHVA - Vigas Arrefecidas



Figura 3.3 Exemplo da diferenca de custos em sistemas andlogos de vigas arrefecidas e ventiloconvectores.

Fonte: Manual REHVA - Vigas Arrefecidas
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HCECS

gl ; Membrane

Figure 2 Model of the New International Bangkok
Airport

Fonte: REHVA Guidebook n° 7
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membrane

solar
reflection

fritted glass absorption et
28%
SO|ar low-e coatin
reflection ggssoc;fn |
60% /h

transmission
2%

transmission
3,5%

reduced long wave radiation

supply air 18°C | __ Y81 1 floor surface
4achh ——r— 21°C
il

| floor cooling ‘ sl 19°C

Tair= 24°C
Tnﬁarahvs

Figure 4 Climate concept for the concourse areas
Fonte: REHVA Guidebook n°® 7
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|
20000 Cooling Load of Entire Airport NBIA
45 000 Optimized Concept |
40 000

Radiant Floor [KW]

35 000
\ — Recirculation Air [kW]
30 000 Supply Air [kW]
\ ——Total Cooling Load [KW]
15 000

5000 \ ———

ﬂ I I I I I I I I I
1 731 1461 2191 2921 3651 4381 5111 5841 6571 7301 8031

Load in kW

Hours
Fonte: REHVA Guidebook n° 7
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FLUXOGRAMA HIDRAULICO DO CONSUMO

ARRANJO OTIMIZADO DO CONSUMO 5
(DESACOPLAMENTO RESFRIAMENTO/DESUMIDIFICACAO)

' \\\\\\’(/////
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FLUXOGRAMA HIDRAULICO E DE AR DO CONSUMO

DUTO DE AR PRIMARIO SECO E FRIO PARA VIGAS FRIAS ATIVAS

i
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UFAD UFAD With Radiant | UFAD With Passive
Alone Cooled Ceilings Chilled Beams

Supply Fan Power (hp)

Total Swirl Diffusers* Required 5,6

Qualitative Flexibility
Operating Cost Payback =50 years <2 years

*Swirl diffusers are floor-mounted air devices for supply air delivery into the occupied space.

Table 1: Comparison aof UFAD with and witheut supplemental cooling systems.

Fonte: ASHRAE Journal December/2009
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Jan. Feb. Mar. Apr. May June Juy Aug. Sept Oct  Nov. Dec.

I T

Total kWh 603,191 620,557 710,214 792,539 670,842 682,702 757,313 718,749 735248 721284 723278 782832 709,896
Total KWH/fE 180 1.65 1.89 211 1.78 1.82 2,01 191 1.96 1.92 1.92 2.08 1.89

e ot ptang oz ) g

Total kWh 752548 629,850 573,740 580,647 576,489 599758 635405 566,343 595489 580,019 561,847 606,702 605,736
Total kWh/ft2 ~ 4.00 3.34 3.05 3.13 .06 3.18 3.37 3.01 3.17 3.08 2,98 3.22 3.22

Table 2: Monthly electrical energy consumption comparison io a fradifional VAV system.

Fonte: ASHRAE Journal December/2009
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Panthousa
Alr-Handling Unit
Cocling Colls
5 Pump (Typical)
End of Main Bypass 2
T al} Chilled
Bearres
S (Typical) e
i L | L |
TR m Chifled
3 O Crtes
e | S Flors]
e Challed
[ i iy Beams
i{_ ?‘ﬁ - First Floar
S :
I el
° ST =
| Sround Lee]
[ | L ] E
fe
Cerpral e E 5
CHW Panc| 5
SryacE ﬂ
| Typical for Each Wing of the Building I
! 1

Figure 3: Chilled beam piping diagram.

Fonte: ASHRAE Journal December/2009
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FLUXOGRAMA HIDRAULICO DA PRODUCAO

e T 1
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mwh/TR - Consumo Real de Energia por TR de Rateio em Shoppings Centers
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RESULTADOS DE MEDICAO

SISTEMA COM CARGAS X SISTEMA COM CARGAS
100% DESACOPLADAS 63% ACOPLADAS E 37% DESACOPLADAS
(THIC) (VAV) (THIC)

_ 0
153 X 0,63 X 100 = 39,5%
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To accurately simulate beam systems (as with
any other system), it is necessary to fully know and
understand the technology to be simulated and the
calculation method used in the simulation software.
Special attention should be taken of to ensure that
the simulation cormectly accounts for the latent load
(dehumidification) taken care at the air-handling
unit and that only sensible cooling is performed at
the zonmes. Most energy simulation software pro-
vides models for HVAC systems that can be used to
simulate beam systems, namely, beam system mod-
els, induction unit models, or fan coil models (in
this case, the fan enerpy must be subtracted from the
final result).

As discussed in Chapters 7 and 8, beam sys-
tems have the following characteristics that may
reduce HVAC systemn energy consumption:

= Higher chilled-water temperatures (14%C-
18°C  [57°F-64°F]), which may increase
chiller efficiencies

* Lower hot-water temperatures (32°C—45°C
[90°F-113°F]), which creates an opportunity
for the use of low-temperature heat sources

= Use of water for zone-sensible cooling reduces
transport energy costs

+ Sufficient latent cooling produced at the AHU to
ensure adequate humidity control, preventing
condensation on the beam cooling coil

* Energy-efficient room air supply:

- Agctive beams: Air distribution in the room
is powered by the air pressure in the beam
plenum. The pressure is produced by cen-
tral, high-efficiency fans {in fan coil sys-
tems, air distribution is powered by small,
low-efficiency fans and motors).

- Passive beams: Ventilation and dehumidifi-
cation air is typically supplied via a low-

Fonte: GUIDEBOOK No. 21 REHVA Edition

energy air distibution system, such as dis-
placement ventilation or DCV.

On the other hand, compared to conventional
water-based systems, beam systems consume
more pump energy because of the low water tem-
perature differential (2°C to 3°C [4°F to 6°F])
when compared to the conventional water tem-
perature differential of 5°C {99F).

The beams require chilled water at 14°C to
185C (57°F to 64°F), but the AHU, for dehumidifi-
cation purposes, typically requires chilled water at
around 6°C (42°F). The chiller plant may produce
water at 6°C (42°F) and the required 14°C to 18°C
(57°F to 64°F) water is produced by mixing with
refurn water. This is not an ideal solution with
respect to energy efficiency, but the solution has an
important effect on energy consumption when
compared to a conventional 6°C/12°C (42°F/54°F)
chilled-water system, due to the higher tempers-

,Jure, of water retumed to the chillerplant. ... .
: Energy consumption is minimized if there
i are dedicated chilled-water production systems:

ciency for the following reasons:

* Dedicated chillers for the beams can work with
a 14°C (57°F) chilled-water temperature set-
point, highly increasing their energy efficiency
rating (EER).

* Free cooling can be implemented with some of
the following solutions/technologies:

- Cooling tower (for warmer/drier climates)
- Dy cooler (for colder climates)
- Geothermal sources (water or ground)

The energy analysis should take into consider-
ation all of these aspects.
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TRADUCAO:

Por outro lado, comparando ao sistema convencional bdasico a agua , o sistema de vigas frias consome mais

energia de bombeamento pois, o fluxo de agua opera com um diferencial de temperatura de 2 a 3°C, quando

comparado ao diferencial convencional de 5°C.

O sistema de vigas frias requer agua resfriada de 14°C a 18°C, mas, as unidades de tratamento de ar com

propédsito de desumidificagdo, requerem tipicamente, agua em torno de 6°C. A planta de agua gelada pode

produzir 4gua a 6°C e o requerimento da carga é entre 14°C e 18°C. A temperatura requerida é obtida através

de uma mistura entre a dgua produzida e a agua de retorno. Isso nao é uma soluc¢ao ideal do ponto de vista de

Eficiéncia Energética, mas, a solugdo tem um importante efeito no consumo de energia quando comparado ao

sistema convencional com agua a 6°C, devido a mais alta temperatura da agua de retorno para a planta de

resfriamento.

O consumo de energia é minimizado se houver um sistema dedicado de producao para duas temperaturas da

agua requeridas.

Esta separa¢ao melhora e Eficiéncia Energética pelas seguintes duas razoes:

* Os chillers dedicados as vigas podem trabalhar com 14°C de temperatura da agua gelada, majorando
altamente a sua relagdo de Eficiéncia Energética (EER).

Resfriamento natural (free cooling) pode ser implementado com algumas das seguintes tecnologias:

* Torres de resfriamento para climas quentes / secos;

e Ciclos economizadores ;

e Energia Geotérmica (da agua ou do solo).

A andlise energética deve considerar todos esses aspectos.

Fonte Original em Inglés :  active and Passive Beam Application Design Guide GUIDEBOOK No. 21 REHVA Edition
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1- CONFIGURACOES POSSIVEIS:

POT. EQUIVALENTE UTAS ESTIMATIVA DUTOS (Kg)
(TR NOM.)

CONF. 1 AR/EXT 31.722 LIs 200 (4 x 50) 12.600

AR/DES 39.851 L/s 250 (5 x 50) 15.800

TODO AR AR/REC 98.795 L/s 435 (9 x 50) 39.200

TOTAL 170.368 L/s 895 (18 x 50) 67.600

AR/EXT 31.722 L/s 200 (4 x 50) 12.600

CONF. 2 AR/DES 39.851 L/s 250 (5 x 50) 15.800
PFR Eq. 52.948L/s - -

AR +PFR AR/REC 45.847 Lis 200 (4 x 50) 18.200

TOTAL Eq. 170.368L/s 650 (13 x 50) 46.600

AR/EXT 31.722 Lis 200 (4 x 50) 12.600

CONF. 3 AR/DESM 39.851 L/s 250 (5 x 50) 15.800
VGF/SEC Eq.  45.960 L/s - -

AR + VFAs AR/REC 52.835 L/s 240 (5 x 50) 21.000

TOTAL Eq. 170.368L/s 690 (14 x 50) 49.400

AR/EXT 31.722 Lis 200 (4 x 50) 12.600

CONF. 4 AR/DES 39.851 L/s 250 (5 x 50) 15.800
PFR Eq. 52.948L/s - -
AR+ PFR +VFAs [VGFS/SEC |Eq.  45.960 L/s - -
AR/REC - - -

TOTAL Eq. 170.481L/s 450 (9 x 50) 28.400 (42%)
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QUADRO COMPARATIVO DE QUANTITATIVOS DAS DISTINTAS

CONFIGURACOES PARA O SISTEMA DO MALL:

CONF. 1 CONF. 2 CONF. 3 CONF. 4
UTAEs 200 TR 200 TR 200 TR 200 TR
UTADs 250 TR 250 TR 250 TR 250 TR
UTARs 450 TR 200 TR 250 TR -
PFR - 13.000 m? 13.000 m2
VFAS - - 675 Pg 675 Pg
DUTOS 67.600 Kg 46.600 Kg 49.400 Kg 28.400 Kg

OBS: Utilizar sempre unidades de 50 TR nominais para todas as UTAs em todas as
configuracodes.

LEGENDA:
PFR — Piso Frio Radiante;
VFAs — Vigas Frias Ativas
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QUADRO COMPARATIVO DE CUSTOS INICIAIS E OPERACIONAIS EM R$ x 1.000
CUSTO CUSTO ADICIONAL DA CUSTO ADICIONAL DA OPERAGAO
INFRAESTRUTURA ANUAL PAY-BACK
ALTERNATIVA INICIAL DO - -
) REPOSICAO E MAO (ANOS)
SISTEMA ELETRICA CIVIL INSUMOS
DE OBRA
TODO AR CONF. 1 18.200 +300 (300 kVA) | +800 (400 m?) +488 +180 -
AR + PFR CONF. 2 19.820 +135 (135 kVA) | + 360 (180 m2) +220 +80 -
AR + VFAs CONF. 3 21.110 +165 (165 kVA) | + 440 (220 m2) +268 +100 -
AR + PFR + VFAs CONF. 4 21.616 +ZERO +ZERO +ZERO + ZERO -
DIFERENCA ENTRE CUSTOS
RELACAO DIF. CUSTOS DIF. CUSTOS OPERACIONAIS PAY-BACK
DIF. CUSTOS INFRAESTRUTURA
INICIAIS ANUAIS (ANOS)
4-1 -3.416 +1.100 + 668 3,5
4-2 -1.796 + 495 +300 43
4-3 - 506 + 605 +368 -
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