CI_I\/ET

The Clivet Enhanced Hydronic System
March 20th 2015

A
'




WHAT'S THE ENHANCED HYDRONIC SYSTEM

The CLIVET Enhanced Hydronic SPINCHILLER
System is a pre-configured modular

system which is composed of three

basic equipments:

i

CHILLED / HOT WATER

- ZEPHIR? stand-alone System:;

ZEPHIR

- SPINchiller® heat pump,
air cooled or water cooled:

ELFOSPACE

- ELFOspace fancails.

ELIVET‘ Feltre, International Sales Conference 2015 1 N€ Clivet Enhanced HydroniC System 2

G



THE CONSIDERED CASE: THE BUILDING

Case considered -> office building with three
floors and a total net area of 6,600 m?2

The target analysis - determine the energy
performance of CLIVET Enhanced Hydronic
System Clivet, in terms of:

 Primary energy consumption [kWhp]

* CO, emissions [Kg]

e Energy cost [€]

Compare it with the traditional solution

A - . .
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THE CONSIDERED CASE: THE BUILDING

To get a complete overview, the energy analysis has been done on the same building in
different conditions:

Climate: London, United Kingdom; Rome, Italy; Valencia, Spain; Krakow, Poland;
Moscow, Russian Federation

Heat recovery technology

Cooling technology

Heating technology
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THE CONSIDERED CASE: THE CLIMATIC AREAS

You can identify here!

A - . ]
ELIVET Feltre, International Sales Conference 2015 1 N€ Clivet Enhanced HydronIC System 5

G



THE CONSIDERED CASE: DESIGN DATA

Room load calculation = through a dynamic
simulation software (LEED® approved)

Modeling of the system —> through a ‘bin
method’ year-round energy analyis

The number of persons, which is determined in
accordance with current regulations, and lighting are kept
constant.

Moreover, the relative humidity per each outside
temperature bin is the same in all locations.

Air conditioned space

Application Offices
Net surface me 6.600
Height m 3,0
Time operating of system in business hours l?/l?)nr:dtgysgt%nll:irg;;/
9pm to 7am from
Time operating of system in attenuation Monday to Friday
Holidays 24h and Saturday

Summer design, indoors
Temperature - business hours/ attenuation °C/°C 25/28
Relative humidity - business hours/ attenuation %% 55/65
Supply air primary temperature - business hours/ attenuation °C/°C 20/ OFF
Supply air primary relative humidity - business hours/ attenuation |  g/kg 9,5/ OFF
Winter design, outdoors
Temperature - business hours/ attenuation °C/°C 20/18
Relative humidity - business hours/ attenuation % /% 40/ 40
Supply air primary temperature - business hours/ attenuation °C 22 | OFF
Supply air primary relative humidity - business hours/ attenuation | g/kg not controlled

Primary air

Attendace (0,12 persons/m) ne. 792

Air renewal (11 I/s per person) m#h 31.363
Internal loads during business hours
Lighting W/mz 5
Electrical equipment (PC, printers, etc.). Wimg 5

CLIVET
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ENERGY ANALYSIS

We consider the following conversion factors, set equal for all climatic areas to obtain
objective comparison parameters:

Primary CO, Cost
energy emissions management
[KWhp] kg [€]
. 2,18 0,61 0,15
Electricity adsorbed [kWWhe] KWhplkWhe  kgCO,kWhe — EUR/KWhe
9,6 1,84 0,80

3
Methane Gas [Nm-] KWhp/Nmé  kgCO,Nm?®  EURINM?

To better describe the individual behavior and compare all different functions, outputs have been grouped as:

Production of cooling and heating capacity using electricity: compressor chiller/heat pump, external fans, relevant pumps for
chilled/hot water, collectively called Electric Generator (diagrams: deep blue colour) . Electric Generator

Production of heating capacity using fuel (methan gas): gas boiler and relevant pumps for hot water circulation, collectively
called Gas Generator (diagrams: red colour). Gas Generator

Primary Air stand-alone capacity production: ZEPHIR3 compressors, collectively called ZEPHIR3 Thermodynamic circuit

(diagrams: light blue colour) ZEPHIR3Themodynamic Circuit
 Primary Air circulation: supply fans, exhaust fans and enthalpy wheel drive motor, collectively called Handling fans (diagrams:
green colour) Handling fans

The analysis does not include fan coil motors, as they are invariant due to the same system design and operation in all scenarios
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SYSTEM SOLUTIONS COMPARED: Enhanced Hydronic System

The Enhanced Hydronic System
from Clivet composed of :

e an air cooled SPINchiller® in
heat pump configuration;

* n.8 x ZEPHIRS? (SIZE3) of 4,000
m3/h:

« n.200 2-pipes ELFOSpace
fancoils.

SPINCHILLER

i

CHILLED / HOT WATER

"W ""_"""""" T
Ni®

ELFOSPACE
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SYSTEM SOLUTIONS COMPARED: the traditional solution

BOILER CHILLER
-------------- PIPEWORK
N o 1} -
The traditional solution is composed of: | | Wm
, _ , _ : | L CHILLED WATER
e an air cooled liquid chiller with screw

COMPIressors,;

e an condensing boller;

 n.8 air handling units for primary air
treatment (supply air flow 4,000 m3/h
each) with rotary enthalpy wheel
recovery (minimum efficiency 70%),

* n.200 two-pipes fancoil units.
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ENERGY ANALYSIS IN LONDON

&= |
COMPARISON WITH TRADITIONAL SYSTEM: SCREW STEPLESS COMPREW

On the basis of the load profile were compared the following generators:

T —
- - K. e
- -

A

CLIVET TRADITIONAL
ENHANCED HYDRONIC SYSTEM HVAC SYSTEM
SPINchiller? WSAN-XSC3 90.4 EXC Air cooled liquid Chiller
Air-to-water heat pump Screw compressor, stepless control
Central . .
Chilled Water Cooling 244 kW (A35 W7) Cooling  370kW (A35 W)
EER 278 EER 31
ESEER 3% ESEER 41
Qly 1
% 0 4 r—cdi 3 = Heating 282 KW (A7 \45) ——
coP 323 GasE]?ﬁondenS|282t())j)ller
Central ciency 0
: 1
o QY Heang 320 kW
Qly 1
ZEPHRS SIZE 3 Air Handling Unit
Exhaust air heat pump bespoke equipment
Aifov 4000 m3h (1100 I/s) Airflow 4000 m3/h (1100 I/s)
Local Cooling 19,1 kW (A35 A25) Cooaling fromchiller
Primary A Heating 20,7 KW (A7 A20) Heating from bailer
i Recovely  Thermodynamic Recovety  Enthalpy wheel 70%
Passive recovery pressure drop (per | Passive recovety pressure drop (per
arr sream) OPa air stream) 120 Pa
Qly 8 Qly 8
Al

CLIVET
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ENERGY ANALYSIS IN LONDON

Primary Energy Consumption and CO, Emissions

Traditional HVAC system ) )
Clivet Enhanced Hydronic System

Primary Energy [KWh] CO, emissions [kg] ) o
Primary Energy [KWh] CO, emissions [kg]
oo Total CO, emissions 45000
40000 7} 10000
40000 - 10000
35000
[ 0% 00 Total CO, emissions
30000 /‘ —————— 2= msE— > 8000
30000
25000 F 6000
25000 - 6000
20000 1
20000
F 4000
15000 T L 4000
15000
10000 1
I 2000 10000 A
5000 A [ 2000
5000 -
0 0
0 - -0
Outdoor temperature [°C]
Outdoor temperature [°C]
- Electric Generator . ZEPHIR3Themodynamic Circuit
[ Gasgenerator B Handling fans
o - . .
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ENERGY ANALYSIS IN LONDON

1-ZEPHIR3

2- Traditional A.H.U. system

Handlina fans for Primarv Air Water oumps for Primarv Air
Primary Energy [KWh| Primary Energy [KWH]
9000 600

-51%
/ 500 r/A
6000 400
// ) 300 / W\‘V
/

o
N~

3000 , savir_19 _ A\ 200
/ for ventilation \ / e \ \
100 N
0 - e O%IIIIIIIII\IIIIIIIII\IIIIIIIII
4 -2 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 402 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Outdoor temperature [°C] Outdoor temperature [°C]
A ® : i
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ENERGY ANALYSIS IN LONDON - Overall consumption

TOTAL PRIMARY ENERGY [kKWh]

o 586.406

500.000

:
|
279.110 |
¥ 387.7123

400.000

Electric Generator

300.000

Gas Generator

212,578 .
200000 B - ZEPHIR3Themodynamic Circuit
100000 111,947 B  Handiing fans
127.788
63.198
0
Traditional CLIVET Enhanced
HVAC system Hy dronic System
TOTAL CO2EMISSIONS [Kg] ENERGY COST[EUR]
160.000 50000
140.171
140.000 45,000 44290
40.000
o 108492
35.000
100.000
30.000
80.000 25,000
60.000 20.000
40.000 15000
10.000
20.000
5.000
0
»” 0
H\T/?gmon?l C;LIXET. Eghartlced Tradiional CLIVETEnhanced
System yaronic System HVAC system Hy dronic System
A . . .
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ENERGY ANALYSIS IN ROME

——

COMPARISON WITH TRADITIONAL SYSTEM: SCREW STEPLESS COMPRE

On the basis of the load profile were compared the following generators:

»* S
o

- -

CLIVET
ENHANCED HYDRONIC SYSTEM

TRADITIONAL
HVAC SYSTEM

SPINchiller* WSAN-XSC3 140.4 EXC
Air-to-water heat pump

Air cooled liquid Chiller
Screw compressor, stepless control

gmﬁ e Cooling 371 KW (A35 W) Cooling  530KW (A35 W)
EER 274 EER 32
e , ESEER 3,97 ESEER 4,1
L B n % Qly 1
Heating 424 KW (A7 \45) —
COP 330 Gas condensmg boiler
Central Efficiency 102%
Forater ey 1 Heang 200 kW
Qly 1
ZEPHR3 SIZE 3 Air Handling Unit
Exhaust air heat pump bespoke equipment
Airflow 4000 m3h (1100 I/s) Airflow 4000 m3/h (1100 I/s)
Local Cooling 19,1kW (A35 A25) Cool@ng from chi_ller
Primary A Heating 20,7 kW (A7 AZO) Heating from boiler
Recovery  Thermody namic Recovety  Enthalpy wheel 70%

Passive recovery pressure drop (per
air stream) 0Pa

Qly 8

Passive recovery pressure drop (per
air sream) 120 Pa

Qly 8

CLIVET

G
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ENERGY ANALYSIS IN ROME - Overall consumption

TOTAL PRIMARY ENERGY [kWh]

728,525

700.000

171.413

600.000

500.000

440.933 Electric Generator

e s I GasGenerator
e 265453 B ZEPHIR®Themodynamic Circuit
e B  Handing fans
100.000
127.194
0
Traditional
HVAC system
TOTAL CO2 EMISSIONS [kg] ENERGY COST[EUR]
200.000 oo
180.000 00— R .
160.000 :
|
140.000 40.000 I
123.380 :
120.000 *
30.000
80.000
20.000
60.000
40.000 10.000
20.000
0
0 ;) Traditional CLIVET Enhanced
Traditional CLIVET Enhanced HVAC system Hy dronic System
HVAC system Hydronic System
PN . : :
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ENERGY ANALYSIS IN VALENCIA

# 1Y

&= |
COMPARISON WITH TRADITIONAL SYSTEM: SCREW STEPLESS COI\/IPRESW"‘fE

On the basis of the load profile were compared the following generators:

-

CLIVET
ENHANCED HYDRONIC SYSTEM

TRADITIONAL
HVAC SYSTEM

SPINchiller® WSAN-XSC3 160.4 EXC

Air cooled liquid Chiller

Recovety  Thermodynamic
Passie recovery pressure drop (per
ar stream) OPa

Ql 8

Air-to-water heat pump Screw compressar, stepless control
Central . :
Chiled \ater Cooling 417 KW (A35 W0) Cooling  560kW (A35 W7)
EER 278 EER 31
ESEER 4,09 ESEER 40
Qly 1
Heating 469 KW (A7 WA5) ——
COP 3,28 Gas condensing boiler
Central Efficiency 102%
: 1
oL oy Heaing 130 kW
Qly 1
ZEPHR?® SIZE 3 Arr Handling Unit
Exhaust air heat pump bespoke equipment
Aiflow 4000 m3h (1100 I/s) Airflow 4000 m3/h (1100 I/s)
Local Cooling 19,1kW (A35 A25) Cooling fromchiller
P : Heating 20,7 KW (A7 A20) Heating from boiler
rimary Arr

Recovery  Enthalpy wheel 70%
Passive recovery pressure drop (per
ar stream) 120 Pa

QY 8

CLIVET
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ENERGY ANALYSIS IN VALENCIA - Overall consumption

TOTAL PRIMARY ENERGY [kWh]
889.89

900.000

139.512

800.000

700.000

|
1
|
v 583.636

600,000 .
B Electic Generator
500.000
622,938 . Gas Generator
oo 437.390
300000 - ZEPHIR3Themodynamic Circuit
200000 B Handiing fans
100000
127.445
0
Traditional CLIVET Enhanced
HVAC system Hydronic System
TOTAL CO2EMISSIONS [kg] ENERGY COST [EUR]
250.000 2371003 63.210
60,000
200,000
163.311 e
150.000 40.000
174.308
30000
100,000 122.389
20000
50.000
10,000
0 0 N
Traditional CLIVET Enhanced Traditional CLIVETEnhanced
HVAC system Hy dronic System HVAC system Hydronic System
A . . .
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ENERGY ANALYSIS IN KRAKOW

1Y D

= - |
COMPARISON WITH TRADITIONAL SYSTEM: SCREW STEPLESS COI\/IPRESW’*fE

On the basis of the load profile were compared the following generators:

=

CLIVET TRADITIONAL
ENHANCED HYDRONIC SYSTEM HVAC SYSTEM
SPINchiller* WSAN-XSC3 120.4 EXC Air cooled liquid Chiller
Air-to-w ater heat pump Screw compressor, stepless control
gﬁlrl‘ltg?j' Vet Cooling 323 KW (A35 W7) Cooling 480 kW (A35 W7)
EER 2,74 EER 3,2
ESEER 3,99 ESEER 4,0
Qly 1
Heating 376 kW (A7 W45) ) .
COP 3,31 Gas c_orjdensmg boiler
— | — Efficiency 102%
=] (1] -i'—i——"—.--—.—-r—.'—v.—ﬁ'-"{. S e E e pE s by i ey S N SV oY ' Y
-4 o TR n & n 5 n R 0n 195 n | oaa Q.ly 1 )
Heating 500 kW
Central ) , QY 1
Hot Water Gas clorjdensmg boiler
Efficiency 102%
Heating 280 kW
Q.ly 1
ZEPHIR3 SIZE 3 Air Handling Unit
Exhaust air heat pump bespoke equipment
Airflow 4000 m3/h (1100 I/s) Airflow 4000 m3/h (1100 I/s)
Cooling 19,1 kW (A35 A25) Cooling from chiller
Local Heating 20,7 kW (A7 A20) Heating from boiler
oed . Recovely T hermody namic Recovely  Eithalpy wneei 70%
Primary Air . .
Passive recovety pressure drop (per | Passive recovery pressure drop (per
air stream) 0 Pa air stream) 120 Pa
Hydronic recovery device for exten-
ded operating range’ Q. 8
Q.ly 8
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ENERGY ANALYSIS IN KRAKOW - Overall consumption

TOTAL PRIMARY ENERGY [kKWh]

800.000 744620

700.000

600000
412.114
500.000 .
B Electic Generator
400000
272.496 . Gas Generator
300000 — ; o
o 201161 - ZEPHIR3Themodynamic Circuit
| 150,826 Handling fans
100,000 -
131.345
0
Tradiional CLIVET Enhanced
HVAC system Hy dronic System
ENERGY COST[EUR]
TOTAL CO2 EMISSIONS [kg]
200.000 60.000 57041 -36%
180,000 1731
50,000
100000 146.019
140,000 4715 10000
120000
100.000 30.000
80,000
20000
60.000
40,000 L0000
20000 e
; ' 5.000
i Traditional CLIVET Enhanced Traditional CLIVET Enhanced
HVAC system Hy dronic System HVAC system Hydronic System
PN . . .
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ENERGY ANALYSIS IN MOSCOW

- 4
i

.«
COMPARISON WITH TRADITIONAL SYSTEM: SCREW STEPLESS COMPRESSOR: = <

On the basis of the load profile were compared the following generators:

o=

CLIVET TRADITIONAL
ENHANCED HYDRONIC SYSTEM HVAC SYSTEM
SPINchiller WSAN-XSC3 140.4 EXC Air cooled liquid Chiller
Air-to-w ater heat pump Screw compressor, stepless control
gmt;' Waer Cooling 371 KW (A35 W7) Cooling 480 kW (A35 W7)
EER 2,74 EER 3,2
ESEER 3,97 ESEER 4,0
Q.ly 1
Heating 424 kW (A7 W45) . )
COP 3,30 Gas clorjdensmg boiler
Efficiency 102%
QY : Heating 600 kW
Central , ) QY 1
Hot Water Gas condensmg boiler
Efficiency 102%
Heating 560 kW
Q.ty 1
ZEPHR3 SIZE 3 Air Handling Unit
Exhaust air heat pump bespoke equipment
Airflow 4000 m3h (1100 I/s) Airflow 4000 m3/h (1100 I/s)
Cooling 19,1 kW (A35 A25) Cooling from chiller
Local Heating 20,7 kW (A7 A20) Heating from hoailer
Primary Air Recovery  Thermody namic Recovery  Enthalpy wheel 70%
Passive recovery pressure drop (per |Passive recovery pressure drop (per
air stream) 0 Pa air stream) 120 Pa
EXTRAPOWER-H
Q.ty 8
Q.ty 8

CLIVET

G
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ENERGY ANALYSIS IN MOSCOW - Overall consumption

900.000

800.000

700.000

600.000

500.000

400.000

300.000

200.000

100.000

0

200.000

150.000

TOTAL PRIMARY ENERGY [kWh]

906.685

I
1
1
v 725.182
124.640
561.192
253,610
210.419
173.846
135.074
65.861
Traditional CLIVET Enhanced
HVAC system Hy dronic System
TOTAL CO2EMISSIONS [kg]

205.769

181.568

24.037

109.094 —

70.000

60.000

50.000

40.000

Electric Generator

Gas Generator

ZEPHIR®*Themodynamic Circuit

Handling fans
EXTRAPOWER-H

ENERGY COST [EUR]

70286

I
I
I
T
1
v

100.000 30.000
20000
uuuuuu 10.000 11.962
9.294
) 4.532
0 Traditional CLIVETEnhanced
Traditional CLIVET Enhanced HVAC system Hydronic System
HVAC system Hydronic System
- R . .
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LONDON - Effect of heat recovery

s
%

Effect of passive cross-flow heat exchanger in air primary treatment in replacement to wheel enthalpy _ ==&

TOTAL PRIMARY ENERGY [kWh]

700.000
629.500
TR5A05" " -

600.000

Electric Generator

500.000

307.945

279.110 Gas Generator

ZEPHIR3Themodynamic Circuit

Handling fans

400.000

300.000

179.547
200.000

100,000 111.947
' 142,017
W/ Cross-flow W/ Enthalpy wheel CLIVET Enhanced
recovery recovery Hydronic System
TOTAL CO2 EMISSIONS [kg] ENERGYCOSTI€]
180.000 55.000

50.000

160.000

45,000

140.000

40.000

120.000

35.000

100.000 30.000

80.000 25.000

20.000
60.000
15.000
40.000
10.000

20.000 5000

W/ Cross-flow W/ Enthalpy wheel CLIVET Enhanced W/ Cross-flow W/ Enthalpy wheel CLIVET Enhanced
recov ery recovery Hy dronic System recov ery recovery Hydronic System
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LONDON - Effect of cooling technology

Effect of different cooling technology of the electric generator for traditional solutions

TOTAL PRIMARY ENERGY [kWh]

s | 586,406 _ |

500.000

279.110 Electric Generator

387.723 219.091 279.091

212578 .
200.000 . : - 155.919
111.947 .

100.000

400.000

Gas Generator
ZEPHIR3Themodynamic Circuit

Handling fans

300.000

127.788 : : 127.788
0
CLIVET Enhanced W/ Mult W/ Screw W/ Screw W/ Centrifugal
Hy dronic System Scroll Stepless Inverter Magnetic
bearing
TOTAL CO, EMISSIONS [kg] ENERGY COST [EUR]

160.000

134.859 140.171 137.198 133566

140.000

120.000

100.000

80.000

60.000

40.000

20.000

0 0 . .
CLIVET Enhanced W/ Mult W/ Screw W/ Screw W/ Centrifugal CLIVET Enhanced W/ Mult W/ Screw W/ Screw W/ Centifugal
Hy dronic System Scroll Stepless Inverter Magnetic Hy dronic System Scroll Stepless Inverter Magnetic
bearing bearing

:LIVETQ Feltre, International Sales Conference 2015 1 e Clivet Enhanced HYdroniC System 23

G



LONDON - Effect of heating technology

Effect of different heating technology of the gas generator for traditional solutions

500.000

450.000

400.000

350.000

300.000

250.000

200.000

150.000

100.000

50.000

0

TOTAL PRIMARY ENERGY [KWHh]

CLIVET
ENHANCED HYDRONIC SYSTEM

TRADITIONAL
HVAC SYSTEM

409.267 -5,3%

387.723

281.479 AL

111.947

127.788

CLIVET
Enhanced Hydronic System

Tradiional HVAC system
Screw Stepless multifunction heat pump

SPINchiller? WSAN-XSC3 90.4 EXC
Air-to-water heat pump

Multifunction air sourced heat pump
Screw compressor, stepless control

gﬁm e Cooling 244 kKW (A35 W7) Cooling 550 KW (A35 W7)
EER 278 EER 311
ESEER 3,94 ESEER 3,72
Heating 282 kW (A7 W45) Heating 570 kW (A7 W45)
COP 3,23 COP 3,69
Central
Hot Water Qly 1 Qly 1
ZEPHR3 SIZE 3 Air Handling Unit
Exhaust air heat pump bespoke equipment
Airflow 4000 m3h (1100 I/s) Airflow 4000 m3/h (1100 I/s)
Local Cooling 19,1kW (A35 A25) Cooaling from chiller
Primary. Air Heating 20,7 kW (A7 A20) Heating from boiler
i Recovery  Thermody namic Recovery  Enthalpy wheel 70%

Passi e recovely pressure drop (per
air stream) 0Pa

Ql 8

Passie recovery pressure drop (per
air stream) 120 Pa

Qly 8

CLIVET
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CLIVET S.p.A.

Via Camp Lonc 25
32032 Feltre, Belluno
ITALY

Tel. + 39 0439 3131
Fax + 39 0439 313300

www.clivet.com

info@xlivet.it
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