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FROSAAMA

Responsabilidade & Sustentabilidade <\
Posicionamento NG,

A Refrigeracao Industrial pode contribuir, significativamente, com solucdes sustentaveis.

Como a Johnson Controls assume esta responsabilidade?

Foco em refrigerantes naturais
como Amonia, CO, e

Hidrocarbonetos.

Minimizar as cargas de
refrigerantes nos sistemas.

Oferece uma ampla gama de
compressores e chillers com

alta eficiéncia energética.

Motiva, fortemente, minimizar o
consumo total de energia
em plantas.



Atual situacao dos fluidos refrigerantes

HFC's

Substancias simples

R23

R134a

R507
R404A
R410A
R407C

Dioxido de
Carbono
Agua
Ar

GWP - Reduzido

7 ' " | Elevado -
,r__OD‘P i 0 (zero) * B
R e T Elevado.
;' Conheé‘imfénto Elevado

W dln KN v, Yl R



Refrigerantes @) &

Refrigerante ODP GWP

1-CFC
R-11 1.00 3500
R-12 1.00 7300 ] o
= P PRI, > 2300 ODP - Ozone Depletion Potencial:

z ke Parametro que mede o potencial de
R-22 0.055 1500 um produto de destruir a camada de
R-123 0.02 85 Ozonio.

3 -HFC
R-23 0.0 12000
R.32 0.0 650 GWP - Global Warming Potential:
R-134a 0.0 1200 R .
= 1434 00 2900 Parametro gque mede o potencial de
e T 00 2800 aquecimento do globo provocado

pelos gases presentes na atmosfera
R-404A (R125/R143a/R134a) 0.0 3700 (CC)Z: 1).
R-407C (R132/R125/R134a) 0.0 1600
R-410A (R32/R125) 0.0 1900

4 — Inorganicos ou Naturais
R-717 0.0 0.0
R-718 0.0 0.0
R-290 0.0 3.0
R-744 0.0 1.0
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Environmental qualities @i
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R290 R1270 R22 R134a R404a R407c R410a R717
[HC] [HC] [HCFC] [HFC] [HFC] [HFC] [HFC] [NH3]

Ammonia (R-717) and Hydrocarbons (R-290 e R- 1270) have:
ODP = 0 (Ozone Depletion Potential)
GWP (Global Warming Potential) < 3 * (+ 100 years horizon)



Sistemas com carga de amonia
reduzida

As altas cargas de refrigerante estdo onerando os proprietarios de sistemas de
refrigeracao que utilizam amonia devido aos atuais requisitos legais.
Nos EUA, instalagcdes contendo 500 Ib (227 kg) de amoOnia ou mais devem ser

reportadas ao comité de planejamento de emergéncia local.

Instalacbes que contenham mais de uma quantidade limite (TQ - threshold quantity)
de amoénia devem, também, apresentar um plano de gestdo de riscos para a
Agéncia de Protecdo Ambiental dos EUA — EPA.

California: 500 Ib (227 kg). Geral: 10.000 Ib (4536 kg). Europa: 6.600 |b (3000kg)

Para todos os sistemas de refrigeracdo com amdnia, independentemente da carga,
perdas de mais de 100 Ib (45 kg) devem ser comunicadas ao Centro de Resposta
Nacional dentro de 15 minutos a contar do momento em que a pessoa no comando
da instalacao tomar conhecimento da perda.

A amonia ndo € o unico refrigerante sob presséo legal.



Sistemas de Refrigeracao com
carga de refrigerante reduzida

O gue motiva a busca por solucdes de baixas cargas de amonia?

O aumento dos requisitos de seguranca (regulamentacao) em plantas de refrigeracéo
com amonia vem colocando enorme pressao sobre os proprietarios devido ao aumento

do custo da conformidade (compliance).

Em todo o mundo, proprietarios de instalacdes frigorificas estdo a procura de solucdes

de refrigeragcao com baixa carga de amonia.

Resultados:

Elimina / reduz o plano de gestdo de risco EPA (RMP) e os requisitos de processo de

gestdo de sequranca OSHA (PSM) para instalacdes de amonia.




Amonia—R 717
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- Refrigerante natural usado ha + 150 anos
- Nao agride a camada de ozonio

- Nao provoca efeito estufa

- Alta eficiéncia termodinamica

- Preco bastaste reduzido

- Substancia natural biodegradavel

- Auto alarme: Detectavel a partir de 5 ppm
- Nao é acumulativa no corpo humano

- Nao poluidora

Investimento

de longo prazo!

Frick ammonia compressor built in
1886. Installed at Gipps Brewery,
Peoria, IL. Operated until 1946.



Ammonia

« Ammonia is produced in natural, biological processes

 Industrially produced ammonia is about 3% of the total
amount present in nature

* Only a few per cent is used as refrigerant
- More than 80% is used as fertilizers and the rest in various
Industrial processes

* The refrigerant number is R717
- The 700-group identifies inorganic compounds also
including R718 (water) and R744 (CO,)
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Choose the right refrigerant  [(, Hckes

Comparison of refrigerants by COP*

R717 R134a R134a ** R404A R404A ** R507 R507 * R407C R410A

B Theoretical M Recips Screws

COP vs. R22 at 0 °C /+35 °C
ET = 0°C, CT = +35°C (ETpey CTaus), SH = 0K, SC = 2K

** Note: with heat exchanger, SH = 20K, Pressure loss = 1K
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Advantages of Ammonia & icecs

Percent Difference from Ammonia

Coefficient of Performance for Refrigerants

2%

0%
-2%
-4%
-6%
-8%
-10%
-12%

- 0,
14% —N\H3 e—R-22 R-12 emmeR-1344 emmR-502

-16%

-40 0 4.4

Evaporation Temperature (°C)

12



Por que escolher a amonia?
Quais séo as vantagens?

» Tecnologia conhecida

» Melhor eficiéncia (COP)

» Melhor coeficiente de transferéncia de calor

» Disponivel e com baixo preco em todo o mundo

e Equipamentos de menor porte - mesma capacidade

» |deal tanto para compressores alternativos quanto de parafuso
» Maior area de aplicacao (de LT -50°C a HP +90°C)

« Simples e flexivel para fazer extenséo de planta ou em paralelo

« ODP=0;GWP =0



Vantagens da amonia

A amoOnia ser um
refrigerante natural é
apenas uma pequena parte
da solucao...

A eficienciado ciclo
da amonia éareal
respostal
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Safety: Disadvantages of Ammonia

 Low concentrations ruled toxic
— Short Term Exposure Limit 35 - 50 ppm
— However self alarming at 5 ppm

— 1500 ppm — instant reaction to flee

o Considered flammable
— In narrow range of concentrations of 16-25% by volume of air in presence of
open flames

— To transport — non flammable fluid

« Ammonia is not compatible with copper
— Special hermetic motors must be utilized
— Either steel/aluminum piping is required

— Advantages of enhanced heat transfer diminished



Sala de Maquinas

o EXigéncias basicas para qualquer refrigerante

— Monitor de Refrigerante

— Ventilacao Mecanica

— Tubulacéo das valvulas de seguranca

— N&o pode ter internamente chama ou parede com mais de 427°C

— Paredes, portas e tetos deverao ser resistentes a a fogo por mais
de 1 hora

— Equipamento de protecéao individual



Aspectos de Seguranca

Programa de Gestao de Riscos




Tendéncilas no uso de Amonia

» Mercado Europeu de chillers é fortemente baseado em

amonia

» + 90% dos chillers produzidos para o Mercado da regiao

norte da Europa usam amonia

» Atualmente, ainda poucos chillers nos EUA usam amonia
Excecdo: multinacionais europeias que empregam a sua

politica corporativa de refrigerante naturais.
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Areas de Aplicacio @ i

Resfriamento de s Laticinios BTl g5 r Condicionado
concreto et ! _.
i - #  frigorificas =P N

i
|

Resfriamento de
solo

Quimica e
Petroquimica

s Abatedouro de
] frangos
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Chillers com trocadores de calor a placas [ }i7y

Associacao de caracteristicas de otimizacao:

e R 717 como refrigerante:
carga reduzida

* Trocadores de calor a placas:

aco inoxidavel ou titénio
® Projeto compacto

e N3o ha conexdes de R 717:

reduzido risco de vazamento
e Manutencao simplificada
e Instalacao: flexibilidade e rapidez

e Alto COP
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Frick Chiller com PHE

BY JOHNSON CONTROLS

BY JOHNSON

CONTROLS

LP safety valve

-
—_— —
HP -
Safety :
K Valve Unisab Il
/;' O }\, E"g-"ﬂ
' n )
A PHE 4 Il 4 PHE condenser
r evaporator with oil cooler
= |
\fs 1
o A
A > B C
HP float valve type HFI SAB 163 compressor unit
: >
Oupge PN TeuEIN-EVE Ejector for Oil Return —
with ; —>
Level — —
Switch
- ;.

a Johnson ”)I('

Controls



PHE - Semi Soldado ) i
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Barramento
Coluna de fis b Pt
suporte =g
@
o At
[ S
il Ik
Pl N |
12 iue ;
) # > B
i 1 & Placade
J T s | estrutura
&
Placa de W TR
Pressao (’~_; :
.fﬂ-f < e
Barramento
inferior Parafusos

de aperto



| |Vapour-Liquid
separator [

FROSAAMA

Evaporador Inundado )

= \ — 5
= I Two-phase mixiure Restraining forces
16 the separator | =

]' Two-phase Stabg Head
4 i
Twe-phase canvactive

pressura drap

Shut-off vaiva

*Sistema auto-circulante:

A Dispensa bomba NH,

Briving force

= |
Linuid Static Head

* Melhores coeficientes de

troca térmica;

; A
| |
i ucieate boting
F ra X Xy

O 5 ibccated boling
.

Forrgear Superficies sempre molhadas

i
e, e ]
1 1) X
| |

-lCcmtrol orshut-
ioff valve

o
i i

l 1 I =
oo [T - Liquid
Flate Heat Exchanger

Tha lermperature profile
along the channel height |

Relnigerani anters
the evaparator

Ol return 1o the compressor |




Comparativo entre trocadores 7\ 3

de calor

:

EODSB 415004
Inundado
{(Shell & Tube)

ESSM 5040B3
Inundado
{Shell & Tube)

EPHE 100 (M10)
Inundado
(PHE)

ESRA 70
Inundado
(Shell & Plate)

210 kg

120 kg

Ref. Carga: capacidade = 500 kW
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ChillPAC

Product
development
process

25




Sabroe chillers
— a clear product profile s

PAC screw

200 - 8000 kW

PAC recip

100 - 1400 kW

“" ChillPAC recip

200 - 1400 kW

26
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Comparacao entre chillers

Charge in old and new ammonia chillers

1ed

140

120 /

i0a

&
E an — A
= m— ChillFac
g

i 1]

40 /

20 e ———

33 204 45 357 440 454 B35 7 ] 715 E7E 21 1066 1167 1308
capacity in kW

27



Important features demanded by the market &

W Future-safe refrigerant (ammonia)

@ High COP even at part load (flooded evaporation)

B |Lowest possible refrigerant charge (plate heat exchanger technology)
W Compactness (door size)

Application: - process water cooling
- air conditioning
- Retrofit in old R-22 installations



PAC x ChillPAC

Features

FROSAAMA
ERASILEIRO DE
ELIMIAACAD DOS

29

Conventional chiller

 Semi-welded plate heat exchangers

« Traditional design of plates/cassettes
« External liquid separator
 External oil separator

« External high-pressure float valve

Fully welded plate heat exchangers

New patented plate/cassette design
Built-in liquid separator (into evaporator)
Built-in oil separator (into condenser)

Built-in high pressure float valve (into condenser)



ChillPAC

Very compact ammonia chiller

A

30

2500
2000

~—. .
Conventional chiller
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ChillPAC _—
Compact, low weight and small B
refrigerant charge g 1l

Sabroetype:
ChillPAC 108 E-A

Cooling capacity: 700 kW

Conditions water :
+12/+7°C and +30/+35°C
2000
Drive system: 132 kW Y/D or VSD
(Data from brochure)

Refrigerant charge: 35kg

ChillPAC



Low weight and very low charge

32

ChillPAC 108 E-A
Cooling capacity: 700 kW, E-water +12/+7°C, C-water +25/+30°C & E-motor 132 kW

Conventional chiller Chl”PAC

B <l a

Approx. unit weight: 4300 kg Approx. unit weight: 3500 kg




ChillPAC integrated design in detalil

Preformed pipes

Compressor

Liquid
separator

Sight glass — 1

Evaporator

TN e

\ =} 2 -
\ CondenSA
s I|- | |'[ (il
e i s T 'l'\'m\l'nll.lnl I

Evaporator & oil separator
Automatic oil recovery system

Oil separator

HP float valve



ChillPAC plate stack
Plate heat exchanger for compact ammonia chiller

Half pipe plate stack
32 — 125 cassettes

Plate design by AlfaLaval




ChillPAC flooded evaporator
with integrated liquid separator

R717 liquid outlet pipe R717 gas outlet
pipe

Water
In-/outlet

Qil
outlet



ChillPAC condenser e W
with integrated oil separator, receiver and expansion valve u))

Condenser

sCompact design

*Very low refrigerant charge
*150 -1600 kW

R717 gasinlet
pipe Oil separator

\

Qil
outlet

Water
In-/outlet

R717 liquid outlet

—



How low charge can be achieved?

FROSANDA
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kW/kg R717

30

25

20

15

10

kW cooling capacity/kg R717

233

294

346

357

440

464

536 588 690
Cooling capacity

715

878

921 1066 1167 1398




ChillPAC - water A i
Using Sabroe SMC 100 reciprocating compressors N/

Selection guide - ChillPAC

Water chillers (Water: inlet 12°C, outlet 7°C)

Type Cooling E-motor RT17 charge Dry weight Dimensions Sound

capacity L w H laval *)

kW kW kg kg mm mm mm dB(A)
CPAC 1045-A 33 45 it 2301 2000 1000 2000 78
CPAC 1041-A 204 55 et 2410 2900 1000 2000 i
CPAC 1065-A 345 75 17 7 2900 1000 2000 Fit|
CPAC 104E-A 37 75 17 2652 2900 1000 2000 i
CPAC 106L-A 440 90 21 2950 2900 1000 2000 80
CPAC 1085-A 464 90 22 3060 2900 1000 2000 80
CPAC 106E-A 536 10 24 3235 3100 1000 2000 81
CPAC 108L-A 588 1o 26 3526 3100 1000 2000 82
CPAC 1125-A 600 132 2 4315 4000 1000 2200 a2
CPAC 108E-A 715 132 30 3880 3300 1000 2000 a2
CPAC 1121-A gre 160 36 4738 4500 1000 2200 &
CPAC 1165-A 921 200 7 5044 4500 1000 2200 &
CPAC 112E-A 10645 200 41 5196 4500 1000 2200 a3
CPAC 1161-A 1167 250 45 5556 4700 1000 2200 a3
CPAC 116E-A 1398 315 48 5878 5000 1000 2200 84

Condenser: Water inlet 30°C, outlet 35°C Motor: 3 x 400V, 50Hz, 1460 rpm



ChillPAC - water =
Using Sabroe SMC 100 reciprocating compressors N\

Selection guide - ChillPAC
Brine chillers (Ethylene glycol 30%: inlet -4°C, outlet -8°C)

Type Cooling E-motor RT17 charge Dry weight Dimensions Sound

capacity L w H level *)

kW kW kg ke mm mm mm dBlA)
CPAC 1045-C 116 ET) 13 2253 2700 1000 2000 8
CPAC 104L-C 150 55 15 2378 2900 1000 2000 19
CPAC 1065-C 172 55 15 2505 2900 1000 2000 19
CPAC 104E-C 185 75 17 2586 2000 1000 2000 19
CPAC 106L-C 222 75 18 2ot 2900 1000 2000 &0
CPAC 1085-C 227 75 18 2766 2900 1000 2000 &0
CPAC 106E-C an a0 20 2866 2900 1000 2000 &0
CPAC 1081-C 205 10 22 3091 3100 1000 2000 a2
CPAC 1125-C 339 1o 4 359% 3800 1000 2200 g2
CPAC 108E-C 363 132 i EUTE 3300 1000 2000 82
CPAC 1121-C 440 160 2 £290 4200 1000 2200 83
CPAC 1165-C 450 160 i 4390 4200 1000 2200 83
CPAC 112E-C 544 200 35 4733 4300 1000 2200 83
CPAC 116L-C 586 200 3 4598 4300 1000 2200 it
CPAC 116E-C 718 250 43 530 4300 1000 2200 83

Condenser: Water inlet 30°C, outlet 35°C Motor: 3 x 400V, 50Hz, 1460 rpm



ChillPAC
Compared with a conventional chiller

» Highly efficient solution

* 60% smaller footprint

e Max. width is 1.0 m, max. heightis 2.15m
o 20% lower weight

* 60% lower refrigerant charge

e Dimensions as HCFC/HFC chillers

» Fully welded plate heat exchangers

» Built-in functions to reduce size and improve reliability and safety



ChillPAC competitiveness

« Simple and VERY compact construction

* Very high COP and future safe refrigerants

 VERY low refrigerant charge

* Reliable and stable operation

« Only high-quality components
e R717 chiller benchmarking

e Test run facilities




Heat Pumps




Heat exchangers systems
Combined Subcooler-condenser-desuperheater

= Dimensioning of heat exchangers for heat pumps

» Combined subcooler-condenser-desuperheater unit




Heat exchangers systems
Combined Subcooler-condenser-desuperheater

Sul:;ooler Condenser Desuperheater
o

= Combined subcooler-

Ssesantin [T

= Patent pending ?r ;ﬂ Ly
pa— t

= Colebaration with Vatherus

j—l Brine

= High pressure 60 bar
= Exclusive JCI product
= From 350 mm

= IMW @ 90°C




Heat exchangers systems
Combined Subcooler-condenser-desuperheater

Compact =)  \ery compact

45



HeatPAC 100 series
... for 70°C applications

SABROE

BY JOHNSON
CONTROLS

Standard NH; industrial heat pump unit

Range consists of 6 models: 240 kW up to 1150 kW
Max. outgoing water temperature: 70°C
B Small refrigerant charge: ~50 kg for largest unit

B Max. heating capacity: 1150 kW (40°C /70°C)
B Cooling capacity: 965 kW
B Power consumption: 186 kW
B COP heat pump =6.2

One-stage compression only — limited lift
B Cascade evaporator version available

B Application: Brewery, dairy, abattoir, fish processing etc.

Water out

Heat source

-10 0 10 20 30 40 50 60

Johnson ﬂ))l’(.

Controls

70 80 90



New HeatPAC 70
series for 90°C applications o

Standard NH; industrial heat pump unit

B Range consists of 3 models: 230 to >700 kW
B Max. outgoing water temperature: 90°C
B Small refrigerant charge: ~45 kg for largest unit

B Max. heating capacity: > 700 kW (40°C /90°C)
B Cooling capacity ~ 560 kW
B Power consumption ~140 kW
B COP heat pump ~ 5

One-stage compression only
B Cascade evaporator versig

H  Application: Infinite

Water out

Heat source

Johnson {ﬂ)ﬁ,

Controls



Low Charge Heat Pumps

HPAC|Heating cap [kKW] |Charge [kg]lkg/kW heat
20-W 240 20 0.083
26-W 359 23 0.064
28-W 484 25 0.052
104-W 570 28 0.049
106-W 852 37 0.043
108-W 1149 48 0.042

Johnson yj)j

Controls



ChillPAC family (products based on

halfpipe)

H

ChillPAC LP

eatAC (Heat pump)

. ArpACT

(Remote condenser)

Ch|IIPAC super charger
(Air cooled condenser) (with cascade cooler)



Exemplos de aplicacao

Heathrow airport — London — Terminal 5

4 unidades — total de 25 000kW

One out of four chillers is in place. London Heathrow Intl. Airport



Exemplos de aplicacao ) i

Scandinavian Congress Center

Scandinavian Congress Center in the center of Aarhus uses Ammonia systems
with a total cooling capacity of 1,200 kW.

Desde 1995.



Qs 3 X 4200 KW
Ts=1.0°C - 4gua

APLICA(;AO |
AR CONDKCIONARD

Refrigeracao de mina subterranea - produc;ao de Cloreto de Potasso a partlr de
rocha de Cloreto de Sodio (30% K CI; 65% NaCl)

B e TN s T T  FTaEER MY TG T




Micro- !

processador.




Exemplos de aplicacao

Supermercado Zaffari — Rio Grande do Sul

» Area daloja; 10.000 m?

» Resfriados. 2 x 190.000 kcal/h; Ts=-2.0°C; Propileno Glicol (20%)
e Congelados: 2 x 60.000 kcal/h; Ts=-27.0°C; Tyfoxit (80%)

e Ar Condicionado: 3x 330 TR + tanque de 1100 m3; Ts=6.0°C



1897 - CO,

Celina Bacellar

celina.bacellar@jci.com

www.johnsoncontrols.com.br
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