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Demand to Reduce Energy
Consumption

* Floor area in the buildings sector worldwide is expected to increase 75% between 2020
and 2050, of which 80% would be in emerging markets and developing economies.

* In this regard, India is uniquely placed with three-quarters of the buildings, infrastructure
and industrial capacity of India in 2050 yet to be built.

» Despite this demand growth the total Co2 emissions from the buildings sector need to
decline by more than 95% by 2050. This would translate to more than 85% of buildings
complying with zero-carbon-ready building energy codes by 2050.

 In addition, Air side load contributes approximately to 14% of the overall Building energy
load. Under this scenario, an efficient airside in the HVAC sector becomes ever-
important to ensure meeting these requirements while maintaining a high level of [AQ.
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Buildings and their HVAC systems

» Atypical HVAC account is generally
responsible for approx. 40% of total building
energy consumption.

e Essences involved in mechanical ventilation

* Indispensable in new and refurbished airtight
buildings to ensure I1AQ

 Air handling units have a major impact on
energy consumption Air transport and heat
recovery



Essential to Save Energy

Energy sources:

» Limited traditional energy sources (oil, gas, coal
etc.)

» [ncrease of energy consumption (China, India)
» Increase of energy prices

The Environment:

» Global warming, CO,

= Emissions, pollution

Legislation:

» Global and regional regulations/ restrictions



Product Certification - Importance of 3rd party

- * Audit of production plants
Selection Program Control CERTIEY ALL P P

Comparison of measured and /

declared values
.

Device test in an independent / N

accredited laboratory [

Independent certification body

More than 40 certification programs

A team of 60 highly qualified HVAC-R specialists and auditors

Cooperation with almost 30 accredited labs throughout Europe




AHU Certification Program

EN 1886

Mechanical properties
Enclosure tightness
Tightness of the filter Bypass
Thermal transmittance
Influence of thermal bridges

Sound insulation

EN 13053

Performance characteristics

Flow — Available pressure — Consumption
Electrical power

Sound power level (per channel)

Sound power level (surroundings)
Heating capacity

Cooling capacity

Heat recovery

Water side pressure drop



cold climate hot and humid climate Data used to define the different factors:

* Climate Data: To determine the climate data methodology
of the climate zones.

« Season of the year: The determination of the season is
based on the “ Heating and Cooling degree days”.

« Heat Recovery Simulation: The simulations were hourly
and all over the year. Two situations were made- Dry

Reference parameters for energy classes , ,
system with temperature control; Wet system with enthalpy

1) Air velocity

2) Heat recovery efficiency control.
3) Flow resistance - Temperature design reference: The reference dry
4) Fan efficiency temperature and dew-point temperature derivate from

ASHRAE 2013 data (summer criteria 2)
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There are many components to be optimised in an AHU:

Recovery system
Fans

Motors

Frequency inverters
Pressure drops
Velocity

Size

External issues

Etc.
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Example: The Impact of The Pressure Drop

If we could reduce the pressure drop in the AHU by 1 Pa:
Data: 1 m?¥/s, 1 Pa, 3000 h, 13.5 INR/kWh

Energy Saving Result: 67.5 INR/Year, Not much ? P — Apt * q *10_3 kW
Another example: n

Data: 10 m3/s, 100 Pa, 8760 h, 13.5 INR /kWh
Energy Saving Result: 1,97,000_INR/Year

Summary: The pressure drop has a huge impact on the electricity consumption



Estimation of excess electricity
consumption

Actual internal resistance of the system higher by 80 Pa +80Pa

(A p) Q\
Redundant fan power consumption:

P=q*Ap/n=278m3%s*(80Pa/0.6)=370 W

Excess annual electricity consumption (supply + exhaust)

E=2*0.37 kW * 8760 h = 6 482 kWh



Why Is This Important For Us ?

Where can we reduce the energy consumption in an office building ?

» |f we improve/change:
— Heavier building +100 mm
— More insulation +200 mm
— Better windows (U-value) 14 > 1.0

| ets look at the Air handling unit
Low speed AHU 25 > 16m/s
Better efficiency 60% > 85%

A huge potential in our line of business !
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‘benefit ~ -1 kWh/m?
‘benefit ~ -3 k\Wh/m?
‘benefit ~ -5 kWh/m?

‘benefit ~ -7 KWh/m?2
‘benefit ~ -16 kWh/m?2
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The Life Cycle Costs of an Air
Handling Unit

= [f we are looking at the total costs for an air
handling unit during it’s lifetime, the impact of
the energy costs are huge

=  Aprox. 80-90% of the total costs are related
to costs for energy (electricity, heating and
cooling)

= Today it has become more and more
important to be able to make LCC (life cycle
costs) analyses for air handling units



The Life Cycle Costs of an Air
Handling Unit

Energy
Yearly energy efficien oy | 11T ]
Yeal g cy 991 %
Annual energy recove v | 1]
He; 20926 kWh ["C]
Co 4686 Wh
Ter airfan 2033 kWh 40 |
Ani nal energy | [ 1] se
Heating 181 KWh
Cooling 43926 kWh
Supply air fan 5346  KWh 34
Exhaust air fan 5039 kWh 32
00000 Equipment 302  kWh
Annual energy | 11
Heating 54 EUR
[] [ ] L] Cooling 17570 EUR 26
The largest part of the total costs for the air handling unit is = == -
Exhaust air fan 1008 EUR
00000 Equipment. 80 EUR
Total 19762 EUR
n atu ra | | the L‘ ‘ Annual CO2 emissions | 1|
e n e rgy Heating 4 kg
Cooling 6633 kg
Exhaust air fan 2126 kg 12
uuuuu Equipment 127 kg
Total 11186 kg
Investment | |11
Heating 4065 EUR
Therefore FlaktGroup has adopted an LCCr- module o o |
E Cooling 34525 EUR
Electricity 2607 EUR 1 [hl
= . - - " Life Cycle Cost | 111 | o r . - T -
optional Basic investment) in the product selection program
( p Heating 677 EUR B Heating B cooiing
Cooling 238787 EUR Heatrecovery Gooling recovery
) Supply air fan 1507 EUR |  [= Supplyairfan
O r S Exhaust air fan 14994 EUR B Enthalpy recovery
Other Equipment 899 EUR
Evaluation sum 296264 EUR
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Influences of the LCC Calculation

Component issues:
» Fan efficiency

Extract air

I-WA extract

= Motor efficiency e
= Frequency Inverter efficiency outdoor
= Pump efficiency .
= Energy recovery efficiency — :::::y“"“'y
* The relation between the energy efficency
and the pressure loss of the recoverer N o o o Ao

= Pressure losses of other components as Moor Mo flmoor  Mrans M

I-WA amb Pmain

filters, dampers, silencers, humidifiers, coils
etc...
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Energy
Calculation model

Currency

| FlaktGroup model |

Climate data
Specify climate data

temperature Moisture

temperature  Moisture

(3) Average year temperature/moisture *C."Cwb
Winter Summer
(5) Year highest temperature/moisture *C."Cwb
{4) Normal temperature, summer *C
(2) Normal temperature, winter C
(1) (1) Year lowest temperature/moisture *C."Cwb
Temperatures Winter Summer
temperature Moisture | temperature Moisture:
Supply air temperature / Moisture .5 °C. "C whb
Exhaust air temperature / Moisture *C."Cwb

Cooling calculation

To temperature

D Qutdoor temp. compensation

Operation

Daysfweek Hoursiday Air flow [%] Return air [%]

Day operation

100 (1]

Night operation

Night operation
Temp. adjust

Lo
L4
B variable flow Outdoor temperature =T <
Air flow %
(Nt g ]
Energy calculation Heating Cooling  Electricity Reheating
Energy cost Energy price o INRJKWR
CO:-emisson  CO: / energy unit ki
Investment Cost for installed capacity [0 INRKW
Economy

[ Energy - economy

Calculate >>

Selection tool for

Energy
Calculation model FlakiGroup model v
Currency
Climate data

MEWDELHI w

temperature Moisture
Average year femperature/moisture | 250 201 ¢ *Cwb
Temperatures Winter Summer
temperature Moisture |temperature  Moisture
Supply air temperature / Moisture 1.5 *C,*Cwb
Exhaust air temperature / Moisture Ijl T Cwi
Coaling calculation W|

[ outdoor temp. compensation

Operation Jweek Hoursiday Airflow [%]  Return air [%]
ey speaton [ o
[ night operation
[ variable flow
Energy calculation Heating Cooling  Electricity Reheating
Energy cost Energy price 0 INRIKR

[ co: - emission

[ investment

Economy
D Energy - economy

Calculate >>

LCC calculation



Airflow (CFM)
Esp (Pa)

Location

8000

300

Delhi

C: ionmodel | FlakiGroup model v
Gurrney
Climate data

Specify cimale data

[ ¢ - emission

[ investment

temperature Woisture ilemperalure Moisture
(3) Average year temperature/moisture [ 204t “C.“Cub
Winter Summer
(5) Vear highest temperature/moisture “C.*Cub
(4) Nommal temperature, summer C
(2) Mormal temperature, winter c
(1) ear lowest temperature/maisture °C. "Cwhb
Temperatures Winter Summer
temperature Moisture | temperature  Moisture
Supply air temperature { Moisture 15 “C.°Cwb
Exhaust air temperature / Moisture “C.°Cub
Cooling calculation [ To temperaturs ~
[ Cutdoor temp. compensaion
Operation Dayshwesk Hoursiday Airflow [%]  Return air (%]
s aperaton L o
[ night aperation
) variabe flow
Energy calculation Healing  Gaoling Electricity Reneating
Energy cost Energy price o INRAWh

Economy
D Energy - economy

A+

Annual energy recovery
Heat recovery

Cooling recovery

Temp. rise in supply air fan
Annual additional energy
Heating

Coaling

Supply air fan

Exhaust air fan

Other Equipment
Annual energy cost

Heating

Coaling

Supply air fan
Exhaust air fan
Other Equipment
Tofal

23072
321790
4143

331

56335
17965
17313

166
73236
287488
277088

647513

KWh

INR
INR
INR
INR
INR
INR

Energy Class

A

Annual energy recovery
Heat recovery

Caooling recovery

Temp. rise in supply air fan
Annual additional energy
Heating

Cooling

Supply air fan

Exhaust air fan

Other Equipment
Annual energy cost

Heafing

Caooling

Supply air fan
Exhaust air fan
Other Equipment
Total

21587
274777
4329

829

67518
21971
21746

414
87773

351536
347936

797196

KWWh
kWh

INR
INR
INR
INR
INR
INR

C

Annual energy recovery
Heat recovery

Cooling recovery

Temp. rise in supply air fan
Annual additional energy
Heating

Cooling

Supply air fan

Exhaust air fan

Other Equipment
Annual energy cost

Heating

Cooling

Supply air fan
Exhaust air fan
Other Equipment
Total

18951
220668
177

71740
24319
23842
308

93262
387104
381472

877281

kWh
kKWh

INR
INR
INR
INR
INR
INR
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Airflow (CFM)

Esp (Pa)

Location

Summary:
Bigger AHU:

= Higher investment cost

= Lower air velocity

8000
300
Delhi

= More recovery

= More efficient fans

= Short pay back

Energy Class

Electric Energy (Fans) kWh/a 35286 43717 45785

Heating energy (Heating Coil) kWh/a 331 829 608

Cooling energy (cooling coil) kWh/a 56335 67518 66883

Other Equipment kWh/a 596 596 595

et lEmergy Eest 01 Unit 647,513 797,196 % 893,281
(INR/a)

‘ Cost difference to class A+ (INR/a) 01 Unit - % 149,683 X 245,768
Difference after 15* years to class A+ 01 Unit i % 2,245,245 % 3,686,520
(INR/a)

Number of AHUs (INR/a) 20 Units - X 44,904,900 X 73,730,400

‘ Price of Air handling unit (INR/) 01 Unit %3,037,388 32,441,965 32,112,882




A+

Annual energy recovery
Heat recovery

Cooling recovery

Airflow (CFM)
Esp (Pa)

Location

Temp. rise in supply air fan

12000
3 OO E%g; additional energy
Delhi

Supply air fan

Exhaust air fan

Other Equipment
Annual ene cost
b
Heating
Calculation model \ FlakiGroup model ~ | )
Currency MR v Cooling
Climate data Supply air fan

Specify climate data R
; Exhaust air fan
temperature Moisture i temperature Moisture

(3) Average year temperature/moisture : “C.*Cwib Other Equipment
Winter Summer Total

(5) Year highest temperature/moisture “C. “"Cwb

(4) Hormal temperature, summer G

(2) Normal temperature, winter c

(1) Year lowest temperatureimoisture °C."Cwhb

Temperatures Winter Summer
temperature Moisture |temperature  Moisture

Supply air temperature  Moisture 9.6 1.5 CTCwh
Exhaust air temperature / Moisture *C.*Cwib
Cooling calculation [ To temperature v

D Qutdoor temp. compensation

Operation Daysiweek Hours/day Air flow [36] Return air [%]
ey opersion

D Night operation

[ variable flow

Energy calculation Heating Cooling  Electricity Reheating

Energy cost Energy price o INRIKWVN

[J co. - emission

[ investment
Economy

[ Energy - economy

Cancel Calculate >>

33836
467954
6274

88296
28627
26679
601

326
114787
458032
426864
9616
1009626

KWh

INR.
INR
INR
INR.
INR
INR

Energy Class

Annual energy recovery
Heat recovery

Cooling recovery

Temp. rize in supply air fan
Annual additional energy
Heating

Cuoaoling

Supply air fan

Exhaust air fan

Other Equipment
Annual energy cost

Heating

Coaling

Supply air fan
Exhaust air fan
Other Equipment
Total

32739
437991
7233

369
96303
32932
29131
602

434
125184
526912
466096
9532
1126268

KWh
K\Wh
kK\Wh

kK\Wh
kK\Wh
kK\Wh
K\Wh
K\Wh

INR
INR
INR
INR
INR
INR

C

Annual energy recovery
Heat recovery

Cooling recovery

Temp. rise in supply air fan
Annual additional energy
Heating

Cooling

Supply air fan

Exhaust air fan

Other Equipment
Annual energy cost

Heating

Cooling

Supply air fan
Exhaust air fan
Other Equipment
Total

31003
417333
8793

104434
42314
35704
&07

242
135764
877024
571264
4712
1394007

INR
INR
INR
INR
INR
INR



Energy Class

Electric Energy (Fans) kWh/a 55306 62063 78018
Heating energy (Heating Coil) kWh/a 653 869 485
Cooling energy (cooling coil) kWh/a 88298 96303 104434
Other Equipment kWh/a 601 602 607
1 Uni
Airflow (CFM) 12000 Total Energy cost 8NIlRJ/r;\I; % 1,009,626 21128268 X 1,394,007
Esp (Pa 300 :
p (Pa) ‘ Cost difference to class A+ (INR/a) 01 Unit - % 118,642 % 384,381
Location Delhi , " .
. Difference after 15* years to class A+ 01 Unit ) % 1,779,630 % 5,765,715
Summary: (INR/a)
Bigger AHU: ,
_ _ Number of AHUs (INR/a) 20 Units - X 35,592,600 X 1,15,143,300
= Higher investment cost
. . i f Air h li it (INR 01 Unit
= Lower air velocity ‘ Price of Air handling unit (INR) X 3,558,263 X 3,115,165 X 2,840,612

= More recovery
= More efficient fans

= Short pay back



Thank You!

Mr Arvind Singh
Director
FlaktGroup
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