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Introduction:

All technology arises from human needs.

The natural environment of man is outdoors, yet most of us spend 
90% of our lives in spaces enclosed by walls and a roof.

Both our ability to perform well and relax is to a great extent control-
led by the indoor climate in which we spend time. Our need for fresh 
air is considerable. Every day, we breathe 30–40 kilograms of air. 
This can be compared to our daily consumption of food and water 
which amounts to about 2 kilograms.

While the contents foodstuffs is declared on its packaging, the air 
indoors has to be measured and calculations have to be made in 
every individual case. This is why this brochure deals with so many 
different factors. All the figures are necessary for sizing the correct 
type of air handling.

Each section deals with the factors that step by step contribute 
toward achieving a healthy indoor climate and a low life-cycle cost 
(LCC).

- Sizing prerequisites
- Descriptions of the air handling functions
- Fan systems
- VAS classes and SFP figures
- Etc.

The results plotted in the Mollier charts show how a specific type 
of air handling influences the air in the premises. How much energy 
is required to chill or heat the air? What factors influence humid-
ity? When will condensation begin to form? The answers can be 
found by plotting the relevant parameters in the curves of the Mollier 
charts.

If the air handling method is correctly suited to provide a comfort-
able and healthy indoor climate, this will also lower the operating 
costs of the installation. The instructions on the last pages of this 
brochure will enable you to carry out a long-term calculation, i.e. a 
life-cycle cost (LCC) estimate for the next 20 years, for comparison 
with other alternatives.

Do not hesitate to phone the staff at IV Produkt if you would like to 
receive further guidance on the subject of Technology & Systems.
  

Introduction
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Sizing Prerequisites
The SI System of Units

Density (ρ) 
Density (specific weight) denotes the mass per unit 
volume, in kg/m3.

Mass (m)
The unit is 1 kilogram (1 kg) and is used for specify-
ing the material content in a body, i.e. mass.

Force (N)
The unit is 1 Newton (1 N) and denotes the force 
that must be exerted to accelerate a 1 kg mass 
1m/s2.

Pressure (Pa)
The unit is Pascal (1 Pa) and denotes the force per 
unit of area. 1 Pa = 1 Newton per square metre 1 
N/m2.

Flow (q)
The unit is 1 m3/s and denotes the flow per unit of 
time.

Power (P)
The unit is 1 Watt (1 W) and is used for express-
ing all forms of power, for example electric power, 
mechanical power and heat output.

Energy (W)
The unit is 1 Joule (1 J) and is used, for instance, 
for denoting thermal energy. 1 kcal = 4186 J.

Enthalpy (i)
The unit is Joule per kilogram (J/kg)and denotes 
the heat content at constant pressure.

Specific heat capacity (cp)
The unit is Joule per kilogram and degrees (J/kgoC) 
and denotes the quantity of heat that is necessary 
to raise the temperature of 1 kg of substance
1 degree.

Temperature (T)
The unit is 1 Kelvin (1 K), however degrees Celsius 
(oC) is used for the normal temperature range.

Number of revolutions (n)
The unit is 1 radian per second (1 rad/s), however 
for the present, the unit 1 revolution per min (1 r/m) 
is commonly used.

Sizing Prerequisites
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Useful formulae for calculations:
Power
P = Cp x q x ρ x ∆T   kW

Power required for cooling gases below the dew 
point
P = q x ρ x ∆i    kW

Energy                                                                       
         W = P x t     kJ 1kJ =           kWh                    
                           
Thermal transmittance
P = k x A x ∆T        W

Conversion factors
A selection of the most common quantities employed in fan and air handling technology is tabulated below.

Quantity

Flow

Power

Pressure

Force

Energy

Enthalpy

Thermal
conductivity

Total heat
transfer 
coefficient

Symbol

F

p

q

P

W

i
cp

λ

k

SI Unit

N

Pa

bar

m3/s

kW

kW

hk

kcal/h
kJ kcal

kJ/kg kcal/kg

kJ/kg o C kcal/kg oC

W/m o C kcal/m oC h

W/m2 o C kcal/m2 oC h

Previous 
Unit

kp

mm vp

kp/cm2

m3/h

Conversion Factor

1 N = 0.102 kp                         1 kp = 9.807 N
(1 N ≈ 0.1 kp)                           (1 kp ≈ 10 N)

(1 Pa ≈ 0.1 mm vp)                  (1 mm vp ≈ 10 Pa)
1 Pa = 0.102 mm vp                1 mm = 9.807 Pa

1 bar = 1.020 kp/cm2              1 kp/cm2 = 0.981 bar
(1 bar ≈ 1 kp/cm2)                   (1 kp/cm2 ≈ 1 bar)

1 m3/s = 3600m3/h                       1 m3/h = 0.278 x 10-3 m3/s  
(1000 m3/h ≈ 0.28 m3/h)

1 kW = 1.360 hk

1 kW = 860 kcal/h 1 kcal/h=1.163 x 10-3 kW 
1 kJ = 0.239 kcal 1 kcal = 4.187 kJ

1 kJ/kg = 0.239 kcal/kg 1 kcal/kg = 4.187kJ/kg

1 kJ/kg degree = 
0.239 kcal/kg oC 

1 kcal/kg oC = 
4.187 kJ/kg degree 

1 W/m grad = 
0.860 kcal/kg oC 

1 kcal/m oC h  = 1.163 
W/m grad 

1 W/m2 grad = 0,860     
kcal/m2 oC h 

1 kcal/m2 oC h  = 
1.163 W/m2 degree

Thermo-Technical Data for Air and Water

Air, p = 1 bar

Tempe-
rature, oC

1 hk = 0.736 kW

Density,
kg/m3

0
20
40
60
80

100

1.275
1.188
1.112
1.045
0.986
0.933

Spec. heat,
kJ/kg o C 

1.006
1.007
1.008
1.009
1.010
1.012  

Thermal conduc-
tivity,  W/m o C 

0.0242
0.0254
0.0267
0.0279
0.0295
0.0318

Tempe-
rature, oC

0
20
40
60
80

100

Density,
kg/m3

999.8
998.0
992.2
983.3
971.9
958.4

Spec. heat,
kJ/kg o C 

4.212
4.187
4.178
4.180
4.193
4.216

0.550
0.599
0.634
0.659
0.675
0.684

Velocity

V =        m/sq
A

∆T = Temperature differential, oC 
∆i = Enthalpy differential, kJ/kg
ρ  = Density, kg/m3

t   = Time, s
A  = Effective area, m2

Force
F = p x A          N  

1
3600

Thermal conduc-
tivity,  W/m o C 

Useful approximate values are specified in brackets.

Sizing Prerequisites
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CG25 + AM100 +
AM100 + AT100

Environment classes to BSK 94

Env.
class

Degree of 
Agressivity

Typical environment

M0      None

Surface 
treatment

Prescribed 
plating

Z 275 AZ 150 None

M1      Slight Prescribed 
plating

Z 275 AZ 150 None

M2      Moderate BG40 + AT80 Z 275 AZ 150 None

M3      High BG40 + 
AM80 + AT80

Z 275 
+ min. 25 µm
plastic coating 
Z 275 + AG80 +
AT80

AZ 150+ min 25 µm
plastic coating
AZ150+AG80+AT80
AZ185

None

M4A   Very 
           high

BG40 + AM100 
+ 
AM100 + AT100

Z 275 + AG100 + 
AM100 + AT100

AZ150 + AG100 + 
AM100 + AT100

MATERIAL

Sheet steel 
hot-rolled and 
cold-rolled

Galvanised
sheet steel

Sheet steel metal-
ized with aluminium 
zinc (AlZn)

Sheet aluminium

M4B   Very 
           high    

Same as 
M4A

Indoors and outdoors 
where the air is constantly 
very humid or where 
conden-sation constantly 
occurs. In salt/fresh water 
or in the soil.

Indoors and outdoors in 
industrial regions where 
the content of air pollut-
ants is very high, such as 
at certain chemical indus-
tries, refineries or fertilizer 
factories.

Same as 
M4A

Same as 
M4A

CG25 + AM 100 + 
AT100

Legend – Abbreviations used in the table:
A = Epoxy containing tar or modified resin to Swedish Standard SIS 18 52 05
B = Epoxy with high zinc content to Swedish Standard SIS 18 52 04
C = Epoxy isoocyanate base primer
G = Primer               M = Intermediate coat              T= Finishing coat

The figures after each colour code denote the dry paint thickness in µm.
Example: BG40 + AT80; 40 µm thick epoxy primer with high zinc content 
to SIS 18 52 04 and 80 µm thick epoxy finishing coat containing tar or 
modified resin to SIS 18 52 05.  

2. Material
General
The basic material used in the IV Produkt air han-
dling units is sheet steel that has a yield point of 
approx. 200 N/mm2. This sheet steel is plated 
with AZ185 zinc aluminium and reinforced with an 
external polymeric coating (ALC). The framework 
is made of anodised aluminium profiles. The unit 
casing meets the surface treatment provisions of 
environment class M3.

Surface treatment
The table below offers a summary of the surface 
treatment provisions of Swedish Standard
VVS AMA 98, Chapter Q.

Excerpt from VVS AMA 98, Chapter Q, Table Q/1

Indoors where the air is 
dry, e.g. heated premises

Indoors where the tem-
perature and humidity 
varies and the content 
of pollutants in the air 
is slight, for example in 
unheated premises

Indoors where moderate 
dampness has little effect 
and the content of air pol-
lutants in the air is mod-
erate. Outdoors, inland 
where the content of pollut-
ants in the air is low such as 
in rural areas

Outdoors where the 
content of aggressive air 
pollutants is high such 
as in densely populated 
areas or industrial regions. 
Above the sea and near 
the coast, however not 
in zones with salt water 
spray.

Stainless steel

1.4301 to
SS-EN 10 088-2

1.4301 to
SS-EN 10 088-2

1.4301 to
SS-EN 10 088-2

1.4436 to
SS-EN 10 088-2

1.4436 to
SS-EN 10 088-2

1.4436 to
SS-EN 10 088-2

Material

HELPFUL HINTS – WITH THE FOCUS ON LCC

For the lowest possible total life-cycle cost, the 
surface treatment of any air handling system 
components that come in contact with moisture 
should meet the provisions of environment class 
M3. This is applicable to such components as 
outdoor air intakes and drip trays.
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3. The Mollier Chart for Moist Air
General
Knowledge of the relationship between the tempera-
ture and humidity of the air is necessary before the 
components of the air handling system can be sized. 
A Mollier chart for moist air is used for this purpose. 
The chart, which was designed by the German pro-
fessor Richard Mollier in 1923, makes it easy to see 
the relationship between the temperature, humidity 
and heat content of the air.

Air
Air surrounds the earth, has pressure (barometric 
pressure, static pressure) and is necessary to support 
life on our planet. A human being breathes approx. 1 
m3 of air every hour.

Air is a mixture of gases, pollutants and vapours. Dry, 
pure air therefore exists only in theory. The gases that 
make up air consist mostly of nitrogen (77%), oxygen 
(22%), argon (1%) and other gases (carbon dioxide, 
hydrogen, neon, helium, krypton) and water vapour.

Moist air
Absolutely dry air does not exist since air always 
contains a certain amount of water vapour. Moist 
air is therefore a mixture of dry air and water va-
pour.

The humidity in the indoor air can be altered to the 
degree required by means of humidification/dehu-
midification. This degree is very simple to deter-
mine using figures read from the chart.

Units of condition
Temperature
The temperature can be measured by means of a 
thermometer and is expressed in °C (Celsius), °F 
(Fahrenheit) or °K (Kelvin). The so-called dry-bulb 
temperature is usually measured on the vertical scale 
in the Mollier chart.

Vapour concentration
When we refer to the vapour concentration or x 
value read along the horizontal axis in the chart, we 
mean the water content in kg, that is present in each 
kilogram of dry air. To simplify our task, the vapour 
concentration is usually specified in g/kg dry air. The 
chart indicates that air is less able to contain water 
as the temperature falls.

Relative humidity (relative vapour pressure)
This figure indicates how much vapour the air con-
tains in relationship to the max. amount of moisture 
that the water can contain at a given temperature. For 
example, if the relative humidity is 10%, this means 
that the water vapour in the air has a pressure (= par-
tial pressure) that is 10% of the saturation pressure 
of water vapour at a given temperature. The relative 
humidity is indicated by a number of curves in the 
chart.

The saturation line
The line indicating 100% relative humidity is called the 
saturation line, i.e. where condensation or ice begins 
to form. A point plotted on the saturation line indicates 
the highest moisture content at a given temperature. 
This point is called the dew point and here the dry-
bulb and wet-bulb temperatures (see on next page) 
are the same.

The wet bulb temperature of the air can also be read 
in the chart. This figure is used when the moisture in 
the air is to be determined by its dry- bulb and wet-
bulb temperature. The dry-bulb temperature can then 
be measured directly on the thermometer whereas 
the wet-bulb temperature must be measured on a 
thermometer with its bulb covered with a wet cloth. 
Distilled water must be used to moisten the cloth. 
Otherwise salts would alter the evaporation proper-
ties of the cloth.

The quantity of water that evaporates is completely 
in proportion to the capacity of the ambient air to ab-
sorb moisture. The wet bulb temperature is indicated 
by straight lines that run at a slant to the right in the 
chart. The condition of the air can then be obtained 
at the point of intersection where the wet-bulb and 
dry-bulb temperature lines meet.

Enthalpy
The heat content of the air expressed in kJ/kg of 
air can also be read in the chart. This is also called 
enthalpy. The enthalpy is specified with straight lines 
that run at a slant to the right in the chart, almost 
parallel with the wet-bulb temperature of the air.

The saturation pressure of water vapour
The saturation pressure of water vapour can be read 
in kPa below the line for wet-bulb temperature. The 
pressure is determined solely by the vapour content 
of the air.

The Mollier Chart
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Mollier Chart for Moist Air

Vapour con-
centration

Dry-bulb 
temperature

Relative 
Humidity

Heat content
(enthalpy)

kJ/kg or kcal/kg

Saturation line
(Dew point line)

Wet-bulb tem-
perature

Vapour 
pressure

Symbols
 i = enthalpy per kg of dry air, kJ/kg, kcal/kg
x = moisture content per kg of dry air, kg/kg
ϕ = relative humidity
t = dry-bulb temperature, oC
tV= wet-bulb temperature, oC

The chart refers to a barometric
pressure of = 760 mm Hg = 101.3 kPa.

The Mollier Chart
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Ice-coated bulb
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Project:_________________________Issued by:__________________ Date:_______________

T

Symbols
i  =  enthalpy per kg of dry air, kJ/kg, kcal/kg
x =  moisture content per kg of dry air, kg/kg
ϕ = relative humidity
t  =  dry-bulb temperature, oC
tV =  wet-bulb temperature, oC

The chart refers to a barometric
pressure of = 760 mm Hg = 101.3 kPa.

i

W
et-bulb therm
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Ice-coated bulb
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Horizontal stand. The stand should 
allow access for cleaning under the 
unit, i.e. its bottom edge should be 
120 mm above the floor.

Floor gulley

Water for cleaning

Linoleum with 
the edges up-
ward.
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The temperature 
inside the fan room 
should be between 
5 – 40 OC and the 
humidity should be 
< 3.5 gr/kg of air.

Consider the point on the 
compass, temperature, 
amount of pollutants from 
traffic, etc. before you de-
cide where to install the air 
intake grille

The Fan Room

4. The Fan Room
    Helpful hints on how to
    design the optimal fan room.

Extract air

Outdoor air

Keep in mind the 
risk of short circuit 
air flow.
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Light fitting
If there are light fittings in the air 
handling unit, it should be possible to 
switch them on together with the light 
fttings in the fan room. 

The length of the fan room should be adequate for accommo-
dating sound absorbers, isolating devices, ducts, and should 
allow reasonable access for cleaning, etc.

Water trap. The appro-
priate height of the wa-
ter trap is conditional 
on the pressure inside 
the unit; should be at 
least 150 mm.

Allow at least 1.2 m 
free space in front of 
the electrical equip-
ment cubicle for 
reasons of safety.
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The Fan Room

Electric outlet

Supply air

Exhaust air

Space for shunt-
group, if specified

Available space for a 
reheater, if specified.
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Calculation example
The supply air flow = the exhaust air flow in a venti-
lation system ( 2.0 m3/s). The following temperatures 
have beem measured in the system:

Outdoor air     -10 oC

Exhaust air   +22 oC

Supply air      +14 oC

Extract air        -2 oC 

1.   Calculate the temperature efficiency.

      Solution: ηT =
 [14 - (-10)]

  x 100% = 75%
       [22 - (-10)]  

2.   Calculate the supply air temperature. The outdoor 
air temperature is -10 oC, the exhaust air tempera-
ture is +22 oC and the temperature efficiency is 
75% 

      Solution: T2 = 
75 x [22 - (-10)]

  + (-10) = 14
               100  

5.1 Heat recovery units
General
The purpose of heat recovery units is to recover heat 
from the exhaust air and transfer it to the supply air. 
The performance of the heat recovery unit is specified 
as the temperature efficiency of the supply air. This 
indicates how much of the difference between the 
outdoor air and the exhaust air temperatures that can 
transferred to the supply air.  
A number of factors influence the efficiency of a heat 
recovery unit: The area of its heat transfer surfaces, 
the pressure drop across the heat exchanger and the 
ratio between the supply air and exhaust air flows.

Fundamental formulae for calculations Tem-
perature efficiency (ηT)

η
T =

 T2

 
- T1  x 100%

        T3 - T1

Supply air temperature
 

T2 =
  η1 

  x ( T3 - T1) + T1       100

where:
ηT = temperature efficiency
T1 = outdoor air
T2 = supply air
T3 = exhaust air

Heat Recovery Units
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Annual efficiency
The concept of temperature efficiency is normally 
used for describing the performance of a heat re-
covery unit. This concept is correct as long as 100% 
efficiency can be utilised. However, there is often a 
danger of frosting on the exhaust air side of the heat 
recovery unit. If frosting is to be avoided, the total 
efficiency of the heat recovery unit cannot be fully 
utilised whenever the temperature of the outdoor air 
is low. As the supply air fan motor operates, it gener-
ates heat which is transferred to the supply air. The 
amount of heat transferred determines when the heat 
recovery unit must be switched off so as not to obtain 
too high a supply air temperature. The Duration Chart 
in Example 1 below illustrates how the likelihood of 
freezing and the heat generated by the fan motor in-
fluence the temperature efficiency and the operating 
costs as well. Both examples presuppose an annual 
mean temperature of +5 oC and a heat recovery unit 
with a temperature efficiency of 60%.

Example 1
Temperature at which freezing is likely -3 oC
The heat generated by the fan motor is equivalent to 
a 2.5 oC rise in supply air temperature.

The energy consumed in this example can be broken 
down as follows:
Fan energy                          17% (supply air) 
Supplementary heat           28% 
Energy recovered               55% (annual efficiency)

The annual efficiency is thus 5% lower than the 
temperature efficiency.

The energy consumed in this example can be broken 
down as follows:
Fan energy                         10% 
Supplementary heat           31% 
Recovered energy               59% (annual efficiency)

The difference in annual efficiency between the two 
examples is 4 %. In Example 1, this gives rise to 
slightly more than 10% higher operating costs despite 
the fact that the heat recovery units in both cases had 
the same temperature efficiency. It should also be 
observed that the supplementary heat output is 19% 
higher in Example 1. This gives rise to higher mains 
power connection and investment costs for the unit. 
From the above, it can therefore be concluded that 
the total economic performance of a heat recovery 
should not be assessed solely on the basis of its 
temperature efficiency. The two examples illustrate 
that the likelihood of freezing and pressure drop of-
ten considerably influence energy consumption and 
therefore must always be taken into consideration in 
the assessment of heat recovery.

Example 2
Temperature at which freezing is likely -13oC
The heat generated by the fan motor is equivalent to 
a 1.5 oC rise in the supply air temperature.

Example 2

Example 1
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Rotary Heat Recovery Units:
This very common type of heat recovery unit also 
referred to as a regenerative heat recovery unit. The 
rotor of the unit consists alternating strips of flat and 
corrugated aluminium foil, which are wound around 
a hub. The heat transfer capacity of the unit can be 
regulated by varying the rotor speed. The rotor is 
available in a hygroscopic version for recovering 
moisture from the exhaust air. The rotor can also be 
used for recovering cooling energy. The hygroscopic 
version is well suited for this.

Benefits :   
– has an efficiency of 70 – 80 %                         
– normally no risk of freezing. This offers high annual 

efficiency
– high degree of recovery in relation to material
– relatively low pressure drop

Drawbacks:
– risk for air leakage between supply air and exhaust 

air paths - can however easily be remedied by in-
cluding an adjustment damper, see figure on next 
page.

– requires connection of power supply for driving 
motor

– contains moving parts that are subject to wear and 
can become faulty.

Heat Recovery Units

The Heat Recovery Process,
Normal Rotor.

The Cooling Recovery Process,
Hygroscopic Rotor.

Heat recovery from exhaust air by 
means of an untreated rotor
The temperature transfer from the warm ex-
haust air to the cooler outdoor air occurs 
without appreciable moisture transfer.
The cold outdoor air is heated from -20 oC to:

A1 = n (B-A) + A
A1 = 75/100 x [20- (-20)] + (-20)
A1 = 10 oC

Cooling and dehumidification of the sup-
ply air by means of hygroscopic rotor

Temperature and humidity is transfered from 
the warm outdoor to the cooler exhaust air 
and this cools the supply air.

The warm outdoor air is cooled from 27 oC 

to:

A1 = n (B - A) + A
A1 = 75/100 x (20 - 27) + 27
A1 = 21.75 oC

The more humid outdoor air is dehumidified  
from 11g/kg air to:

x2 = x - n (x - x1)
x2 = 11 - 0.75 x (11 - 7)
x2 = 8 g/kg air
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Plate Heat Exchangers
This type of heat exchanger features completely 
separated air flow paths. The majority of these heat 
exchangers are made of aluminium but they are also 
available made of other materials conditional on 
the ambient environment. Defrosting is carried out 
by means of a bypass damper that allows the cold 
outdoor air to bypass the exchanger. This must be 
taken into consideration when sizing the air heater. 
The bypass damper can also be used for regulating 
the output of the heat exchanger.

Benefits :   
– minimum mixing of the supply air and exhaust air
– do not require any power supply
– no moving parts                                                   

Drawbacks:                  
– high pressure fall                                                  
– have an efficiency of 50 – 60 %                           
– risk of freezing at approx. -5 oC lowers the annual 

efficiency

Heat Recovery Units

The Heat Recovery Process

Adjustment damper upstream of the rotor

To ensure proper air purging sector function, the 
negative pressure at P3 must be greater than that 
at P2. Otherwise, the adjustment damper should 
be arranged in the exhaust air.

Heat recovery from exhaust air by means 
of a plate heat exchanger 
The temperature transfer from the warm ex-

haust air to the cooler outdoor air takes place 
without any transfer of moisture.

The cold outdoor air is heated from -5 oC to:

A1 = n (B-A) + A
A1 = 55/100 x [20- (-5)] + (-5)
A1 = 8.75 oC
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Liquid-coupled Coils /
Heat Recovery Coils
Two coils are employed. One coil is arranged in the 
warm exhaust air path and the other is arranged in the 
cold outdoor air path. The coils are interconnected 
by a water circuit that includes a circulation pump. 
Heat recovery coils make it possible to design an air 
handling system with separate supply air and exhaust 
air units. 

Advantages :                 
– no mixing of supply air and exhaust air               
– optional location of supply air and exhaust air

Drawbacks:                  
– high pressure drop                                               
– have an efficiency of ~ 50%                                
– risk of freezing at approx. -13 oC lowers the annual 

efficiency
– require a power supply
– anti-freeze agent must be mixed with the circulated 

liquid

Heat Recovery Units

Heat recovery from exhaust air by means of 
liquid-coupled coils
The temperature transfer from the warm exhaust 

air to the cooler outdoor air takes place without 
any transfer of moisture.

The cold outdoor air is heated from -10 oC to:

A1 = n (B - A) + A
A1 = 50/100 x [20 - (-10)] + (-10)
A1 = 5 oC
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Heat Pipe Heat Exchanger
The heat exchanger consists of closed pipes filled 
with a refrigerant. The pipes are vertical. The exhaust 
air passes through the lower section of the pipes. 
The energy from the warm exhaust air causes the 
refrigerant to evaporate and rise inside the pipe. The 
cool supply air absorbs the energy and the refriger-
ant condenses, flows back and the process begins 
again. 
The capacity is influenced by the outdoor air tem-
perature. The air flow through the heat exchanger 
can be regulated across a bypass damper above the 
exchanger.

Benefits:    
– no mixing of supply air and exhaust air 
– do not require any power supply 
– no moving parts 
– simple to clean

Drawbacks:                  
– high pressure dropl 
– have an efficiency of 50 – 60 % 
– risk of freezing at approx. -13 oC gives rise to a 

lower annual efficiency
– the supply air duct must always be above the ex-

haust air duct 

                                                                                 

HELPFUL HINT FOR SELECTING HEAT EXCHAN-
GERS – WITH THE FOCUS ON LCC

To achieve the lowest possible total life-cycle 
cost, the design of every component should of-
fer the best possible performance. The following 
prerequisites apply to heat exchangers:
1.   Low pressure drop
2.   High efficiency  
      – maximum heat transfer
3.   Little need of defrosting

BEST LCC CHOICE:  
Rotary heat exchanger – Rotary heat exchang-
ers generally offer low pressure drop and an ef-
ficiency of about 70 – 80 %. As a rule, defrosting 
is not necessary.

Heat Recovery Units

Heat recovery from the exhaust air by 
means of a heat pipe exchanger 
The temperature transfer from the warm exhaust 

air to the cool outdoor air takes place without any 
transfer of moisture.

The cold outdoor air is heated from -10 oC to:

A1 = n (B - A) + A
A1 = 55/100 x [20 - (-10)] + (-10)
A1 = 6.5 oC
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5.2 Air heaters
General
Air heaters are used for increasing the temperature 
of the air passing through it.
Another application can be to lower the relative hu-
midity of the air.
Two main types of heating medium are employed,  
hot water or direct electricity.

Fundamental calculation formulae
The following formula can be used for calculating the 
power required:

P   = q1 x ρ  x cp x ∆T1          

where:
P   = power required in kW
q1    = air flow in m3/s 
ρ   = the density of the air, normally 1.2 kg/m3

cp    = specific heat capacity for air, usually

        1.00 kJ/(kgoC)
∆T1= required temperature increase in oC

The formula below can be used for calculating the 
heat output on the hot water side:

P   = qv x ρ  x cp x ∆Tv     

where:
P   = power required in kW
qv    = water flow in l/s 
ρ   = the density of the water, usually 1.0 kg/dm3

cp  = specific heat capacity for air, usually

        4.18 kJ/(kgoC)
∆Tv= the temperature difference between inlet  
         water and outlet water temperatures in oC

Air heater for hot water
The air heaters usually consist of copper tubes with 
aluminium fins expanded to fit tightly against them. 
These copper tubes are then connected to headers 
which in most cases are made of steel. Other materi-
als are also available.

It is important that the heating water pipes are con-
nected for counterflow, i.e. with the hot water entering 
the coil through the connection nearest to the outlet 
air side.

Electric air heater
Electric air heaters are normally of two different 
types: high-temperature version (~ 300 oC surface 
temperature) and low-temperature version               
(~ 100 oC surface temperature).

The high-temperature air heater consists of flat heat-
ing elements arranged directly in the air flow. The 
low-temperature version has tubular heating elements 
with fins.

Air Heaters
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HELPFUL HINT – WITH THE FOCUS ON LCC
For the lowest possible total life cycle cost, select 
coils with low pressure drop on the air side as well 
as on the water side. The IV Product air heaters 
feature an optimised face surface.

Air Heaters

Example
Calculate the power required for heating and deter-
mine the water flow.  

q1      =  1.4 m3/s 
∆T1   =  from –20 to +20 oC = 40oC
∆Tv   =  from +60 to +30 oC = 30oC

P    = 1.4 x 1.2  x 1.00 x 40 =  67.2 kW

qv      =           67.2         = 0.54 l/s 
          1.0 x 4.18 x 30

If you take the relative humidity into account, the proc-
ess will be as shown in the adjacent Mollier chart.
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5.3 Air coolers
General
Air coolers are used for lowing the temperature of 
the air flowing through them. Another application can 
be to lower the moisture content in the air. Two main 
types of cooling medium are used namely, chilled 
water or evaporative refrigerant – direct expansion 
(Dx).

Air cooler
The air coolers usually consist of copper tubes with 
aluminium fins expanded to fit tightly against them. 
These copper tubes are then connected to headers 
which in most cases are made of steel (cooling water). 
In the Dx version, these tubes are made of copper. 
The air coolers for chilled water are also available in 
other materials.
Air coolers must be equipped with a drip tray and may 
be equipped with a droplet eliminator, if required. The 
drain connection from the drip tray shall be connected 
to a water trap. 

It is important that the cooling water pipes are con-
nected for counterflow, i.e. with the chilled water 
entering the coil through the connection nearest to 
the outlet air side.

Fundamental calculation formulae
The following formula can be used for calculating the 
power required for dry cooling:

P   = q1 x ρ  x cp x ∆T1      

where:
P   = power required in kW
q1    = air flow in m3/s 
ρ   = the density of the air, normally 1.2 kg/m3

cp  = specific heat capacity for air, usually 1.00 kJ/ 
        (kg )
∆T1= required temperature decrease in oC

The formula below can be used for calculating the 
cooling energy output on the cooling water side:

P  = qv x ρ  x cp x ∆Tv     

where:
P   = power required in kW
qv    = water flow in l/s 
ρ   = the density of the water, usually 1.0 kg/dm3

cp = specific heat capacity of air,
        usually 4.18 kJ/(kg C)
∆Tv= the temperature difference between inlet  
         water and outlet water temperatures in oC

Air Coolers

Example
Calculate the power demand for dry cooling 
and determine the water flow.
 q1    = 1.4 m3/s 

∆T1    = from +25 to +17 oC = 8 oC

∆Tv     = from +10 to +18  oC = 8 oC

 P    = 1.4 x 1.2  x 1.00 x 8 =  13.4 kW

 qv   =           13.4          = 0.11 l/s 

          
  1.0 x 4.18 x 30

T1      =    +25 oC  50% Rh. By cooling to +17 oC 
             the relative humidity is 83% Rh. 
             No dehumidification occurs.
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HELPFUL HINT – WITH THE FOCUS ON LCC
For the lowest possible total life cycle cost, select 
coils with low pressure drop on the air side as well 
as on the water side. The IV Product air coolers 
feature an optimised face surface.

This formula can be used for calculating the power 
required for wet cooling:

 P  = q1 x ρ x ∆i 

where:
P    = power required in kW
q1      = air flow in m3/s 
ρ     = the density of the air, usually 1.2 kg/m3

∆i   = difference in the enthalpy of the air in kJ/kg  
         can be determined in Mollier chart

This formula can be used for calculating the cooling 
energy emitted on the cold water side:

P    = qv x ρ x cp x ∆Tv     

where:
P    = power required in kW
qv      = water flow in l/s 
ρ     = the density of the water, usually 1.0 kg/dm3

cp      = specific heat capacity for water, usually 
          4.18 kJ/(kg x oC)
∆Tv    = the difference between inlet water and outlet  
         water  temperature in oC

NOTE! The actual cooling capacity will be greater 
due to extra dehumidification next to the chilled 
tubes in the coil, the amount is conditional on the 
temperature of the cooling medium. 

Air Coolers

Example
Calculate the power required for cooling 
and determine the water flow.

q1      = 1.4 m3/s 

∆i       = from +25oC 50% Rh to +13 oC = 

          50.5 – 36 = 14.5 kJ/kg

∆Tv     = from +7 to +12 oC = 5 oC

P     = 1.4 x 1.2  x 14.5 = 24.4 kW

qv      =          24.4          = 1.17 l/s 
            1.0 x 4.18 x 5
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5.4 Humidifier / dehumidifier
Humidifier
General
If the need arises for increasing the humidity in rooms 
above the normal level, due to the activity pursued, 
the air supplied to the rooms will have to be humidi-
fied.  This can mainly be done in two ways: steam 
humidification or evaporation humidification. In the 
evaporative humidifier, a special surface is used 
(humidifier fill) from which the water directly evapo-
rates. A variant of the latter is called spray nozzle 
humidification. In this variant, the water is atomized 
as it leaves small nozzles and is sprayed in the air. 
The water then evaporates. 
During the wintertime when the outdoor temperature 
is low, the relative humidity of the indoor air will be 
very low. In most cases, air that has been humidi-
fied is perceived as being more pleasant to breathe, 
especially in the wintertime when dry air can give 
rise to respiratory irritation. Dry air can also in-
crease the spreading of dust, which may cause 
allergic reactions. Other problems are dry skin and 
eye  irritation suffered by persons who use contact 
lenses. Nowadays, humidification is only utilised if 
the operations conducted in the ventilated premises 
require a specific degree of humidity in the air, such 
as operating theatres, since humidification is very 
energy-consuming.

Steam humidifiers
Water vapour can be generated by boiling water. 
The resulting steam can then be supplied to the air. 
The production of steam requires power. This is why 
steam humidification gives rise to higher operating 
expenses. When humidification is in progress, the 
state of the air moves directly to the right in the Mol-
lier chart.

Evaporative humidifiers
By using a special humidifier fill with a structure that 
provides a very large surface, water can vaporise 
directly in the air. The air, which is to be humidi-
fied, passes through the humidifier fill and water is 
sprayed over it. In this way, the water is distributed 
as a thin film across the large surface and vaporises 
(evaporates). Evaporation consumes energy, which 
also lowers the temperature of the air. As a rule, the 
humidifier fill is made of glass fibre or aluminium foil. 
If aluminium is used, its surface is most often treated 
so that the water will adhere well to the surface. As 
the water evaporates, salts and lime, if present, will 
collect in the humidifier fill. This makes it necessary 
to supply surplus water that rinses the humidifier fill 
at all times. This is why continual bleed-off from the 
water tray is needed.

Humidification
A - C: Steam humidification takes place  
          horizontally toward the right, if the  
          temperature is constant.

B - C: Evaporative humidification takes place  
          diagonally downward if the enthalpy 
          is constant. The temperature will then  
          drop.
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Since the temperature of the air drops as it passes 
through the humidifier, the air must then be corre-
spondingly heated and this also increases energy 
consumption. The condition of the air diagonally 
changes downward toward the right along the wet-
bulb temperature in the Mollier chart. The efficiency of 
the humidifier can be defined as the distance between 
the condition of the air upstream and downstream 
of the humidifier in relation to the entire distance 
between the condition of the air upstream of the 
humidifier to the saturation line. The efficiency of the 
humidifier is conditional on velocity of the air as it 
passes through the humidifier fill and on the depth 
of the humidifier fill. If the air flows at high velocity, 
water entrainment is likely and a droplet eliminator 
will be required downstream of the humidifier. If hu-
midifier fills made of glass fibre are used, they should 
be dry-run by switching off the water supply to the 
spray nozzles and letting the fan run for an additional 
15 minutes after the unit has been shut down. The 
unit should also include a solenoid valve which opens 
and evacuates all the water from the tray below the 
humidifier fills when the humidifier is not in use.

Air dehumidifier
General
If the humidity becomes too high e.g. in store rooms 
where a dry climate is necessary for the material being 
stored, the air must be dehumidified. Certain proc-
esses, such as the manufacture of pharmaceutical 
products, require a dry indoor climate. 

Dehumidification can mainly be carried out in two 
ways. One way is to cool the air below its dew point 
in a cooling coil, so that the water will condense on 
the cooling surfaces.
Another way involves the sorption method, where 
the air is allowed to pass through a drying bed of 
hygroscopic material, usually a silicone based gel, or 
through a rotary dehumidifier, which is impregnated 
with salt, usually lithium chloride, or coated with a 
silicone-based gel.

Cooling dehumidifier
By utilising a cooling coil, air can be chilled below its 
dew point. This will remove moisture from the air by 
condensation. Downstream of the cooling coil, the 
air passes through an air heater, where it is heated 
to its original temperature. A common method used 
for doing this in premises is to use a refrigeration 
machine, through which the air is circulated. The 
air then first passes through the evaporator coil of 
the refrigeration machine, where it is chilled and its 
moisture is removed by condensation. The air then 

passes the condenser coil of the refrigeration machine 
where it is reheated.

Sorption dehumidifier
Another method is to utilise a sorption dehumidifier, 
which consists of a rotor similar to that of a rotary heat 
exchanger. This rotor is however impregnated with a 
salt that makes it very hygroscopic. As the process 
air passes through the rotor, its moisture is directly 
adsorbed in the salt. Since the salt only can adsorb a 
limited amount of moisture, the moisture has to be re-
moved from the salt. This occurs continually by means 
of a so-called regenerating sector, through which ~ 
100 °C hot air is blown. A noteworthy consideration is 
that an adsorption rotor adsorbs considerable mois-
ture, but it transfers heat less efficiently.

Humidifiers / Dehumidifiers

Dehumidification by means of a 
cooling dehumidifier / refrigeration 
machine
Example: The condition of the air at 27 oC and 
60% relative humidity is to be changed to 25 
oC and 50% relative humidity.

A refrigeration machine with a cooling coil is 
installed.

The air is cooled from point A to a temperature 
at point B which is lower than its dew point. The 
air is then heated to condition C.

HELPFUL HINT – WITH THE FOCUS ON LCC
For the lowest possible total life-cycle cost, select 
humidifiers with low pressure drop on the air side 
as well as on the water side.
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5.5 Mixing of air / recirculated air
General
A certain energy savings can be achieved by direct-
ly mixing a portion of the exhaust air into the supply 
air, but this also involves a decrease in the amount 
of outdoor air supplied.

How to geometrically determine the 
mixing point in the ix-chart.
The mixing point has been plotted on the straight 
line that connects the two points (each for a given 
atmospheric condition) with one another in the ix-
chart. The mixing point is at a distance from either 
points that is inversely proportional to the size of 
the air volume represented by the point. 

C=         
q1 x ρ1           x s

       q1 x ρ1 + q2 x ρ2 

where:
       q1 = Air volume A
       ρ1 = The density of the air at the temperature  
                of air volume A    

       q2 = Air volume B
       ρ2 = The density of the air at the temperature  
                of air volume B
       s   = The distance between the two atmos- 
                 pheric condition points in the ix-
chart

Example
1.5 m3 outdoor air having a temperature of -20oC, a 
density of 1.39 and 70% relative humidity is mixed 
with 2.25 m3 exhaust air having a temperature of 22 
oC, a density of 1.19 and 30% relative humidity.
Plot the atmospheric condition points in the ix-chart 
and measure the distance, s, between them.
s = 69 mm

C =         1.5 x 1.39 x 69            = 30.2 mm or
        1.5 x 1.39 + 2.25 x 1.19

 3.5 oC and 60% relative humidity.
      

Mixing Air / Recirculated Air
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5.6 Fan systems
General
Fans with forward or backward-curved blades are 
normally used in comfort ventilation applications.
Fans with backward-curved blades offer a high ef-
ficiency (70 – 80%) and steep air flow characteristics 
which make them fairly insensitive to pressure vari-
ations in the unit.
Fans with forward-curved blades offer a lower ef-
ficiency (60 – 70%). They require little space and 
generate a relatively low sound level. However, the 
flat-curve performance of the fan can give rise to air 
flow variations in the system. Because of this, the 
selection of fan motor should be made with good 
safety margin.

As the impeller rotates, its blades impel air. This air 
leaves the impeller outlets at high velocity. The kinetic 
energy of the air is converted into static pressure in 
the volute casing.
Fan impellers with backward-curved blades provide 
an excellent air diffusion effect and can therefore 
operate with good free air discharge performance 
– i.e. without any casing.
The IV Produkt type Windstrong fan is a typical free-
discharge fan. This fan is also equipped with patented 
spoilers, which partly replace the casing. Since the 
fan is direct-driven (no transmission losses) and 
equipped with a high-efficiency, continuous-current 
motor, it is the most economical choice for smaller 
and middle-size air handling units.

Efficiencies
The useful output of the fan can be calculated as 
follows:

P = q x ∆tp   W

Since a fan does not operate without some losses, 
the following formula can be used for determining the 
amount of power that has to be supplied to the fan:

Pe =  
q x ∆tp

      W
          ηtot

The total fan efficiency ηtot is the sum of the effi-
ciencies of the components in the fan system.  

ηtot = ηf x ηm x ηt x ηr

where:
ηf    =  Fan efficiency
ηm  =  Motor efficiency
ηt    =  Transmission efficiency
ηr    =  Efficiency of the control equipment
         for example frequency converter

Calculation example
A fan that generates an air flow (q) of 2.0 m3/s and 
a total pressure (∆tp) of 600 Pa has the following ef-
ficiencies:

ηf    = 70 %
ηm = 78 %
ηt    = 90 %
ηr    = 95 %

Useful output, P = 2.0 x 600 = 1200 W

Total efficiency, ηtot     = 0.70 x 0.78 x 0.90 x 0.95 =
                                     0.467 (46.7%)

Power supplied, Pe=
2.0 x 600  = 2570 W

                                     0.467

When selecting a fan system, it is not sufficient to 
base your selection on fan efficiency alone. The to-
tal efficiency ηtot is always the decisive factor when 
determining how much energy is consumed.

Fan out-
put,
1.20 kW

Fan 
impeller,
0.51 kW

Belt drive,
0.19 kW

Mains power
supplied, 2.57 kW

Motor and control 
equipment, 0.67 kW
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where:
Psa fan                                    = Power supplied to the 
supply air fan, kW
Pea fan                                    = Power supplied to the 
exhaust air fan, kW
qmax  = The total air flow through the building, m3/s

If the supply air and exhaust air flows differ, qmax al-
ways denotes the largest flow.

Calculation example
An air handling unit has following measured data

Psa fan              = 2.65 kW 
Pea fan              = 2.81 kW
qsa  = 2.10 m3/s
qea  = 2.20 m3/s

SFP =  2.65 + 2.81   = 2.48 kW/m3/s
                2.20

The SFP value of a single fan can also be ex-

pressed         as  tp 
     kW/m3/s

      
ηtot

Hence, if low SFP figures are to be achieved, the total 
pressure will have to be low and the total efficiency 
will have to be high.

Fan Systems

HELPFUL HINT – WITH THE FOCUS ON LCC
For the lowest possible life-cycle cost, select a fan 
with high total efficiency and size a unit with a low 
total pressure. For the best operating safety, select 
the Windstrong, which offers a high total efficiency 
and does not require servicing of belt drives.

Fundamental calculation formulae
Changes in rpm
Under constant load conditions (constant throttle) 
the following characteristics will change:

1.   The air volume in direct proportion to the speed 

      q/q1 = n/n1 or n1 = (q1/q) x n

2.   Static, dynamic and total pressure in direct 
      proportion to the square of the speed.

      p/p1 = (n/n1)
2 or p1 = p x (n1/n)2

3.   The power required in direct proportion to the  
      cube of the speed.

      P/P1 = (n/n1)
3 or P1 = P x (n1/n)3

Calculation example
A fan that generates an air flow of 1.5 m3/s, a total 
pressure of 500 Pa, runs at 1400 r/m and consumes 
1.85 kW of power is to be accelerated to deliver an 
air flow of 1.7 m3/s.

Speed required, n1 = (1.7 / 1.5) x 1400 = 1586 r/m

Total pressure after acceleration, p1                          
p1 = 500 x (1586 / 1400)2 = 642 Pa

Power required after acceleration, P1                        
P1

  = 1.85 x (1586/1400)3 = 2.69 kW

SFP value
The SPF value can be used for calculating the ef-
ficiency of an air distribution system.

SFP stands for Specific Fan Power.

The SFP value is defined as the total electric power 
consumed by all the fans in the air distribution system 
divided by the total air flow through the building.

This can be mathematically described by the follow-
ing formula:

SFP =  
Psa fan + Pea fan   kW/m3/s

                
   qmax
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5.7 Filters
General
Filters are used for cleaning the air. They do this by 
collecting dust and in some cases gaseous pollutants 
and nasty odours to remove them from the air. The 
dust concentration should not be higher than 2 mg/
m3 of air.

The cleaning capacity of a filter is measured in ac-
cordance with SS-EN 779.

The most common filter classes are G1, G2, G3 and 
G4 basic filters (class G4 filters offer the highest av-
erage collecting efficiency) and F5, F6, F7, F8 and F9  
fine filters (class F9 filters offer the highest average 
particle collecting efficiency).

The most common filter material used is glass fibre 
or synthetic fibre mat which has been sewn into bags 
and is mounted in a sheet steel or plastic frame. 

If a higher collecting efficiency is required, an absolute 
filter can be used.

If there are gaseous and nasty odours in the air, a 
carbon filter can be used.

HELPFUL HINT – WITH THE FOCUS ON LCC
For the lowest possible life-cycle cost, filters 
with a large filter surface and low pressure drop 
should be selected. The filters in the IVP units 
feature large filter surfaces. Do not use a filter of 
a higher class than that required for filtering the 
supply air or, for protecting the equipment in the 
exhaust air.

Filters
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5.8 Refrigeration machines /  
       heat pumps
Refrigeration machines
General
Mechanical cooling by means of a refrigeration ma-
chine is most commonly used for chilling air in indoor 
ventilation applications. The systems are based on 
the use of a refrigerant that can be evaporated and 
condensed within moderate temperature and pres-
sure levels.
The refrigeration system consists of:  A. compressor, 
B. condenser, C. expansion valve (throttling device) 
and D. evaporator, all combined in a closed-tube 
system containing refrigerant.
(See fig below)
The system can be constructed as a direct system 
(DS), (an air-cooled refrigeration machine with air-
cooled condenser), or as a partially indirect system 
(DINS), (an air-cooled, liquid refrigeration unit), or as 
a completely indirect system (FINS), (a liquid-cooled 
liquid refrigeration unit). 
In the refrigeration process, the refrigerant extracts 
heat (cools air or water) under low pressure in the 
evaporator, is compressed in the compressor to a 
higher pressure and then emits heat when it con-
denses in the condenser (to air or water). The pres-
sure of the liquid of the condensed gas is reduced 
in the expansion valve and is again sprayed into the 
evaporator for heat extraction.
Refrigeration plants can be designed as systems 
built at the building site or as factory-built, one-
piece units.
IV Produkt manufactures both factory-built one-
piece Envistar with Starcooler and Enviquattro units 
of DS design for direct cooling of the air in an air 
handling unit, and factory-built fluid-cooled liquid 
Envicooler refrigeration units.
Enviquattro contains a refrigeration machine with a 
reversible refrigerant circuit for heat pump operation 
in the wintertime.

Refrigeration Machines / Heat Pumps
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Efficiency
The efficiency of a refrigeration machine can be ex-
pressed in terms of its Coefficient of performance 
(COP). The coefficient of performance denotes how 
efficiently the compressor operates and can be de-
scribed as the cooling power recovered by means of 
motor output supplied.

COP =  
P cooling power  .

         
    P motor output

 

COP              Coefficient of performance
P cooling power  Recovered cooling power in kW
P motor output   Motor output supplied in kW
 
To obtain a high COP, a high degree of evaporation 
and low condensation is desirable.

Direct systems (DS) always provide higher COP than 
indirect systems (DINS, FINS).

Calculation (Refrigeration machine selection)
Formula for calculation of cooling power:
P = q x ρ x ∆i 

P:           Cooling power required in kW
q:           Air flow in m³/s
ρ:           The density of the air at outlet temperature
∆i:          The difference in the enthalpy of the air  
              (heat content) in kJ/kg of dry air.

The temperature of the supply air in an air handling sys-
tem is to be lowered from +25 °C; RH 50% to +15 °C.

How large a refrigeration machine should be selected?

Data:
q:           3.0 m³/s
ρ:           1.2 kg/m³ (accepted)
∆i:          A). 50 - 35.7 = 14.3 kJ
              B). 50 - 34.3 = 15.7 kJ
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Heat pumps
General
Whenever heat from the condenser in a refrigeration 
machine is used for heating purposes, the refrig-
eration machine is called a heat pump. In this case, 
the evaporator circuit is arranged to absorb heat, 
e.g. from the outdoor air, exhaust air, held water, 
ground water or lake water, etc. This increases the 
temperature in the compressor and the heat from 
the condenser can be utilized. The heat pump is 
often named according to the source from which it 
fetches its heat, for example an ”exhaust-air heat 
pump” fetches its heat from the exhaust air.
The system can be built up as a direct system (DS) 
air-to-air, or as a partially indirect system (DINS) air-
to-water, or as a completely indirect system (FINS) 
water-to-water.

Outdoor-air heat pump
Here, a finned-tube coil (evaporator) situated in 
the outdoor air is used. Impelled by a fan, the air 
passes through the coil. When the outdoor air tem-
perature drops in autumn, the capability of the heat 
pump to deliver heat will diminish while frosting in 
the coil will increase. The coil will then have to be 
defrosted. While defrosting is in progress, no heat 
will be produced. When the outdoor air temperature 
has dropped to ~ –10 °C the capability of the heat 
pump to deliver heat will have diminished so much 
that it will not be profitable to operate it any more. 

Exhaust-air heat pump
An exhaust-air heat pump can be utilised in all units 
with mechanical exhaust air. An evaporator coil can  
then be installed in the exhaust air ducting where it 
can recover heat from the exhaust air. The heat re-
covered can then be used to heat water circulated 
in radiators, tap water or the outdoor air in an air 
handling unit. 

Ground source heat pump (Ground heat)
By taking heat from the uppermost layer of the 
ground, the solar heat that has been absorbed by 
the ground during the summer can be utilised in a 
practical manner. Usually a plastic hose filled with 
a circulating mixture of water and glycol is used as 
the evaporator. 

Ground water heat pump (Geothermal heat)
If there is not enough large ground area, the plastic 
hose used as an evaporator can be extended down 
into a bored well. In this way the heat can be ex-
tracted from the ground water and circulated to the 

 Refrigeration Machines / Heat Pumps

HELPFUL HINT – WITH THE FOCUS ON LCC
For the lowest possible life-cycle cost, select fac-
tory-built, one-piece units rather than site-built 
units. (A more compact pipe system, smaller 
volume of refrigerant and pre-delivery tested 
refrigeration unit offers higher efficiency).
If the air is to be directly chilled, use a direct 
system if possible. Indirect systems are less ef-
ficient, have double exchange and more drives 
(pumps). Refrigerate with as little water precipi-
tation as possible by sizing for a high degree of 
evaporation.
If water is used for chilling, if possible avoid sys-
tems that call for an anti-freeze agent mixed in 
the water since this will lower the efficiency.

A).   The evaporation temperature is set at +9 °C.
       P = 3.0 x 1.2 x 14.3
       P = 51.5 kW
B).  The evaporation temperature is set at +5 °C.
       P = 3.0 x 1.2 x 15.7
       P = 56.5 kW
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Lake source Heat pump 
This type of heat pump extracts heat from brine that 
is circulated in a hose. The hose functions as an 
evaporator and extends to the bottom of a lake, the 
sea or a stream.

At IV Produkt, we manufacture factory-built, one-
piece Enviquattro units. These units can be used for 
directly heating the air in an air handling unit.
We also manufacture water-to-water EnviHeater in-
direct heat pumps for heating water.

Enviquattro is a refrigeration machine with a revers-
ible refrigeration circuit and can therefore operate as 
a heat pump in the wintertime.

Efficiency
The efficiency of a heat pump can be expressed in 
terms of its heat factor. 

The heat factor denotes how efficiently the heat pump 
operates and can be described as the output that 
can be extracted from the condenser by means of 
the motor output supplied.

Φ  =     Pk     

          
Ek + Mk

 
where:
Φ   = heat factor
Pk  = heat output from the condenser
Ek  = electric power supplied to the compressor
Mk = electric power supplied to auxiliary equipment

The heat factor decreases on an increase of the 
temperature difference between evaporation and 
condensation. Heat should therefore be supplied at 
as low a temperature and should be extracted at as 
high temperature as possible. 

Indirect sytems (brine systems) require brine con-
taining an anti-freeze agent, a heat exchanger and 
power for running the pumps. These systems often 
work with lower evaporation temperatures than do 
direct systems.
This offers a lower heat factor.
The heat factor of heat pumps is usually between 2 
and 6 depending on the type of solution.

HELPFUL HINT – WITH THE FOCUS ON LCC
For the lowest possible life-cycle cost, select a 
heat pump/heat pump system with highest pos-
sible efficiency.
Slight temperature rise, a high degree of evapo-
ration and direct system (air-to-air) offer maximum 
efficiency.
If you have an indirect system, choose a brine that 
has the same density as water. If glycol is circu-
lated, the pumps will consume more power.

Refrigeration Machines / Heat Pumps

Temperature- and flow influence on heat factorInfluence of the temperature and flow on the heat 
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5.9 Sound
General
Airborne sound
The total sound level generated by a fan can be 
divided into aerodynamic sound and operational 
sound.

The aerodynamic sound is a function of the air flow 
and pressure and can be divided into rotational sound 
and turbulence sound. 

Rotational sound is generated by the pressure 
changes which arise when an impeller blade passes 
a stationary point for example the V-plate or a stay 
and therefore has a basic frequency which is the same 
as the frequency of the blade.

Turbulence sound is generated by the flow of gas 
through the fan.

Blade frequency, fs =            Hz

n = Fan speed, r/m

s = Number of impeller blades

Fans equipped with impeller with forward-curved 
blades have considerably more blades than do the 
fans with impeller with backward-curved blades. 
The former type of fan therefore emits sound at a 
higher frequency, which, in most cases, is easier to 
attenuate.

Operational sound consists of mechanical sound 
generated by motors, belt drives and the fan casing. 
The level of this type of sound is however in most 
cases low and seldom has any influence on the total 
sound power.

Structure-borne sound
Most structure-borne sound arises as a result of the 
forces caused by imbalance in rotating parts. This 
usually occurs in impellers but can also arise in belt 
drives and motors.

To offset any imbalance, the IV Produkt air handling 
units are equipped with effective anti-vibration mount-
ings as standard. These mountings are designed for 
absorbing a resonance frequency of ~ 8 Hz. In most 
cases this means that the fans have a degree of vi-
bration isolation of 80 – 90%.

For especially sensitive installations characterised 
by weak floor beams, for instance, the fans can be 
mounted on steel-spring-type anti-vibration mount-
ings with a degree of vibration isolation of up to 
98%. 

Sound specifications

The sound power level of the sound emitted at the 
inlets and outlets of the air handling unit as well as that 
emitted through the unit casing to the surroundings is 
specified in the IV Produkt computer print-outs. The 
sound specified is broken down into octave bands 
and includes the integral attenuation of components 
such as sound attenuators and coils. 
The specification is based on accoustic measure-
ments in accordance with EN 25136 (ISO 5136).

HELPFUL HINT – WITH THE FOCUS ON LCC
For the lowest possible sound level, select a fan 
with high total efficiency and size a unit with low 
total pressure.
Check the frequency breakdown into octave 
bands of the fan selected. Low frequency sound 
requires high-performance silencers that also  
give rise to a higher pressure drop.

Sound

n × s

60
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6. VAS Classes
Air Distribution System Classes
The sizing of air handling systems often requires 
compliance with so-called VAS classes. Typical 
VAS classes are VAS 1500, VAS 2500 and VAS 
4000.
The Swedish Indoor Climate Institute has published 
guidelines and instructions in which the various 
VAS classes are described. Application of the 
instructions is voluntary. Performance is described 
in the publication entitled ”Air Handling System 
Classes – Guidelines and Specifications, R2". 
The Specific Fan Power (SPF) prerequisites and 
other prerequisites are defined as follows:

The SFP value refers to the total fan power of the 
fans in the supply air and exhaust air system if the 
design air flow is equivalent to the total air flow 
through the building.

In the case of CAV systems, the SFP value is ap-
plicable to 100% of this air flow.
In the case of VAV systems, the SFP value is ap-
plicable to 65% of this air flow (specified by the 
Ventilation Air System Association).

The pressure drop to be overcome by the fans 
must include the pressure drop in the air distri-
bution system and other equipment such as air 
handling units, filters and heat recovery units.

Power Efficiency Classes
Ventilation - Air conditioning System = VAS-class

Power efficiency to Class VAS 1500
The design of the air distribution system should be 
such, that the specific fan power, SPF value, calcu-
lated as described above, will be 1.5 kW/ (m3/s) or 
lower.
A special case is defined in class VAS 1500, where-
in the design of the air distribution system can be 
such, that the SFP value, amounting to 1.0 kW/m3/s 
or lower, will be considered to be a power-efficient 
system according to Indoor Climate Institute Guide-
lines, R2.

Power efficiency to Class VAS 2500
The design of the air distribution system should be 
such, that the specific fan power, SPF value,  cal-
culated as described above, will be 2.5 kW/(m3/s) 
or lower.

Power efficiency to Class VAS 4000
The design of the air distribution system should 
be such, that the specific fan power, SPF value,  
calculated as described, will be 4.0 kW/(m3/s) or 
lower.

Power efficiency to Class VAS-X
The design of the air distribution system should be 
according to the specific fan power figure specified 
in the relevant documents.

Product selection program and SFPv 
calculations
Our air handling unit product selection programs 
have been adapted to meet the provisions on how 
to calculate the specific fan power, that the Swed-
ish Ventilation – Indoor Climate – Environment 
Associations (Föreningen V) have described in their 
publication ”V-Skrift 1995:1” (revised). This figure is 
referred to as the SFPv value. 
In the case of air handling units with rotating heat 
exchanger, the leakage and purging air flows must 
be included in the calculation of the mains power 
required by the exhaust air fan motor.
Any throttling on the exhaust air side, which is 
needed to achieve correct pressure balance and 
correct direction of air leakage in the air handling 
unit must also be included in the calculation.

VAS Classes
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7. LCC – Life-Cycle Cost
Life-cycle cost of an air handling unit
To calculate the energy efficiency
Every year, municipalities, county councils, industrial 
enterprises and other property owners spend large 
sums for the purchase of air handling units and other 
energy and power-demanding equipment. In many 
cases, most of this equipment operates for long 
periods and consumes a considerable amount of 
energy.

Price or cost
In the procurement process, attention has hitherto 
far too often been focused on the initial cost in the 
selection of equipment and supplier. Delivery times, 
total quality, environment and post-market aspects 
have also been considered in this evaluation. Rarely 
has energy efficiency come into the picture, i.e. how 
efficiently energy (in the majority of cases: electric 
power) is utilised. Yet this is often of great signifi-
cance, especially when it comes to equipment char-
acterised by long in-operation times in combination 
with a long period of use and/or useful service life. 
Typical examples are Air handling units, light fittings 
and refrigerating machines. Furthermore, this cat-
egory of equipment as we all know, is often still in 
use after changes in business operations.

Within a municipality, a company or any other type 
of organisation, for example, different accounts are 
sometimes used for managing the procurement and 
installation as well as the operation and maintenance 
of machines and equipment such as Air handling units. 
As a rule, these accounts have different budgets, and 
this often makes it difficult to see the interrelation-
ship of these aspects of ownership. In many cases, a 
commissioner of a building project / purchaser may 
belong to one productivity unit whereas the user of 
the premises and the equip-ment belong to another. 
This may lead to the procurement of equipment that 
is cheap at the time of purchase but in the long run 
is expensive to operate and maintain. This, in turn, 
leads to a higher life-cycle cost (LCC), i.e. to a higher 
combined cost seen over the total useful life or period 
of use of the equipment.

The purchaser is often faced with having to choose 
between a low investment cost or low annual energy 
and environment costs. Planers have therefore be-
gun applying the life cycle cost concept more and 
more. However up to now, the life cycle cost has 
unfortunately not played a more prominent roll in the 
procurement phase.

If another procurement system, featuring concepts 
such as a comprehensive view, long-range planning 
and life-cycle cost is implemented, higher priority can 

then be given to long-term profitable investments for 
conserving energy and lessening environmental im-
pact.

Reference material for the evaluation of the life-cy-
cle cost has up to now been non-existent. However, 
instructions for the procurement of energy-efficient 
equipment are now available – ENEU, in which the 
life-cycle cost can also come into use in the eval-
uation of various investments. ENEU offers detailed 
instructions for the procurement of energy-efficient 
equipment. They have been drawn up by the Bengt 
Dahlgren AB consultant company commissioned 
by specific municipalities and the Swedish National 
Board for Industrial and Technical             Develop-
ment ( NUTEK ).

How can ENEU be utilised ?
•   As a complement to, but not a substitute for, 

established procurement documents such as 
AB92 and ABT94

•   For the planning, project design and pro-
curement of both building construction-related 
equipment and production equipment

•   For impartial comparison between various in-
vestment alternatives

•   As source material for the calculation of per-
formance bonuses or penalties after final in-
spection or trial operation

What does ENEU include?
Equipment to Swedish AMA Standard
•   Air handling units

•   Cooling plants

•   Pump systems

•   Lighting

•   Power transformers, etc.

Other equipment
•   Climatic barriers

•   Indoor climate devices

•   Office equipment

How to calculate the 
life-cycle energy cost – LCC
The method is mainly based on assessing the quo-
tation and the life-cycle energy cost as well as the use 
of this total assessed cost when evaluating incoming 
tenders, a so-called valuation.

LCC – Life-Cycle Cost
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When we speak of quotations, we most often refer to 
the investment cost. The annual energy and power 
costs accrued during the present life or period of use 
can be converted to a present value. In most cases, 
the energy costs consist of the costs for electric 
power or heating. The future maintenance costs can 
be calculated in a similar manner; the environment 
costs as well, if they are of interest or are possible to 
calculate. Any residual value, if available, can also be 
included in the calculation.
The total life-cycle cost can be expressed as fol-
lows:

  LCC Total = Investment + Σ Energy costs + 
  Σ Maintenance costs + Σ Environmental costs

Or simply

  LCCTotal = I + LCCEnergy + LCCMaintenance + LCCEnvironment

Valuation
In ENEU, the assessed costs for investment and 
energy are referred to as valuation. This can be ex-
pressed as follows:

  Valuation = Quotation + α x     
  Life Cycle Cost

Where α denotes a weighting factor with which the 
purchaser can weight the importance of the life cycle 
energy cost. α normally equals 1. Environmental argu-
ments may however make it necessary to assign α a 
value higher than 1. By the same token, a high degree 
of uncertainty about future energy prices may make it 
necessary to assign α a value lower than 1. This fac-
tor of course must already be determined before the 
invitation to tender is sent out and must be fixed.

Energy cost
In order to facilitate the calculation work by the con-
tractor or supplier, a specification of the economic 
conditions required by the purchaser for calculating 
the life-cycle energy cost is submitted in the form of 
a so-called specific present value for electric power, 
kWh, consumed annually ( P0 ).
This factor includes the following:

  • Present price of energy

  • Anticipated real annual energy price increase 

during the useful life of the equipment

 •  Real interest rate used for the cost estimates

 •  Useful life ( Cost estimate period )

Consideration must, as far as possible, be given to 
how fixed charges, power fees, penalty fees for the 
reactive tapping of power, etc. influence the energy 
prices applied. This also applies to forms of energy 
other than electric power and for other media. The 
specific present value of an annually consumed litre of 
water, for instance, can be calculated in a completely 
analogous manner.
By applying the calculation methods utilised in ENEU, 
the purchaser is spared all the discussions about 
various estimates of future energy prices.

Working methods
Forms are available on our CD for calculating the life-
cycle energy cost for air handling units to ENEU. The 
purchaser himself decides the scope of this calcula-
tion, i.e. the components and systems that are to be 
analysed. These decisions should be made before 
the invitation to tender is mailed out since it will have 
an influence on the material included with the invita-
tion to tender.
The cost-estimate forms should be sent with the in-
quiry and contain all the information that the tenderer 
will require. These forms can be supplemented with 
instructions in the form of technical descriptions or the 
like containing other demands made on the relevant 
components and systems based on Swedish AMA 
Standard codes or equivalent codes. In administrative 
regulations or equivalent source material for drawing 
up the tender, the purchaser should specify in more 
detail how the life cycle cost as well as the principles 
for guarantees, performance bonuses or penalties 
are to be handled.

Contract limits
A separate calculation should be made for each 
contract. This simplifies the division of responsibil-
ity in the event of any declared deviations in the life 
cycle cost between the tender and inspection or trial 
operation.

Assessing the tender
The tenderer’s own life cycle energy cost estimates 
for the components and systems required should be 
included with the ordinary tender, i.e. the quotation.
The purchaser can then use the valuation while mak-
ing a final assessment of tenders received from an 
economic viewpoint.

When finalising the choice of contractor or supplier, 
other factors must naturally also be taken into ac-
count, i.e. delivery time, degree of service offered, 
maintenance costs, etc.
In this way, an evaluation of a tender can be obtained 
based on more long-term objectives other than what 
often is the case.

LCC – Life-Cycle Cost
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Mathematic formulae and symbols 
used for calculating the LCC             

The purchaser / Consultant shall specify the values 
to be entered in the calculation, symbolised by the 
following:

epev = Present price of electric power for heating
            [x öre/kWh]

epel  = Present price of electric power   
            [x öre/kWh]

epö   = Anticipated real annual energy price   
            increase during the period of use [x%]

rk      = Real interest rate used for cost estimates  
             [x%]

n       = Useful life [20 years]*

Nu     = Present worth factor       

            11.47**

poev = Specific present rate for heating  
             [öre/kWh]

poel  = Specific present rate for electric power 
             [öre/kWh]

* [The normal period serving as a basis for calculation 
according to Swedish Board of Housing, Building and 
Planning recommendations, No. 6006. Annual Cost 
Estimates 1991-12]
** [Can be calculated utilising values from a conven-
tional present worth factor table. However, the real 
energy price increase can be taken into account by 
entering the difference between the real interest rate 
used for cost estimate (rk) and the real energy price 
increase (epö). The error that commonly arises will 
then be negligible, according to VVS Special 1:1980 
Profitability Calculations.]

Inspection – Performance                  
bonuses/penalties

Final inspection or a trial operation is carried out after 
the air handling system has been installed. It can then 
be asserted that the plant conforms to the agreed 
energy efficiency. This demands already from the 
beginning that the design of the air handling system 
enables the necessary measurements to be made 
with adequate accuracy.
The performance bonuses or penalties can be cal-
culated in the following manner:

 •  If the life-cycle energy cost based on measure-
ment readings is less than agreed:

Bonus = { (LCCE
A – LCCE

K) / LCCE
A – 0.1} × α × 

LCCE
A

 •  If the life-cycle energy cost based on measure-
ment readings is more than agreed:

Penalty = { (LCCE
K - LCCE

A) / LCCE
A - 0.1} × α × 

LCCE
A

Where

LCCE
A       = Life-cycle cost stipulated in contract

LCCE
K       = Estimated life-cycle energy cost based  

                 on actual measurements

α  = Weighting factor specified by the purchaser. α 
normally equals 1.

A 10% tolerance margin can be calculated for both the 
performance bonus and the penalty. This is reflected 
by the figure 0.1 in the formulae above. This tolerance 
margin enables the life-cycle energy cost to deviate by 
10% before any bonus or a penalty will be applicable. 
The purchaser selects this tolerance.

LCC – Life-Cycle Cost
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Source Material for LCC Analysis
Submit the following particulars of your ap-
plication to IV Produkt for a life- cycle cost 
analysis.

Project:.......................................................................

Date:.......................................................................

Business:......................................................................

Address........................................................................

Phone:..........................................................................

Fax:.............................................................................

e-mail:........................................................................

Who to contact:...........................................................

LCC – Life-Cycle Cost

Present price of electric power                                                         /kWh
Anticipated real energy price increase                                             %
Present price of energy for heating                                                  /kWh
Anticipated real heating cost increase                                             %
Real interest rate for cost estimates                                                 %
Useful life (normally 20 years)                                                           years
Valuation sum, α (normally 1.0)                                                        <1>
Supply air temperature required                                                       °C

Annual local mean temperature                                                        °C
Exh. air temp. upstream of HEAT EXCH +20°C or +15°C.                °C
Temperature efficiency                                                                     %
Annual operating time, portion of whole year (8760)                       normally 1

Supply air data:
Air flow incl. leakage air flow                                                            m3/s
Pressure drop in connected ducting                                                Pa
Pressure drop inside the unit                                                            Pa
Efficiency of the fan                                                                          %
Efficiency of the motor                                                                      %
Efficiency of the transmission                                                           %
Efficiency of the air flow controller                                                   %
Total efficiency                                                                                  %
Annual operating period                                                                   h

Exhaust air data:
Air flow incl. leakage air flow                                                            m3/s
Pressure drop in connected ducting                                                Pa
Pressure drop inside the unit                                                            Pa
Efficiency of the fan                                                                          %
Efficiency of the motor                                                                      %
Efficiency of the transmission                                                           %
Efficiency of the air flow controller                                                   %
Total efficiency                                                                                  %
Annual operating period                                                                   h
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Calculation Example: 
LCCE of an Air Handling Unit
An air handling unit equipped with a rotary heat 
exchanger, class F6 or F7 filters, speed-controlled, 
direct-driven fans and supplementary heating (air 
heater for hot water) has the following data:

Prerequisites:                  SUPPLY AIR               EXHAUST AIR

Air flow:                           1.8 m3 /s                       1.98 m3 /s
Total pressure                 474                               411
SFPV                                                                                      0.78 kW/m3 /s              0.73 kW/m3 /s
Temperature                    20 ºC                           22 ºC
Total efficiency*               0.53 %                         0.53 %
 
* η total = η fan x η motor x η air flow control 

Annual mean temp:         6.4 ºC                          Design outdoor temp:        -20 ºC
Cost of el. power:            60 öre/kWh                 Supplementary 
Annual energy                                                      heating cost:                      55 öre/kWh
cost increase:                2%                              Real interest rate
Operating time:               8760 h                         for cost estimates:             7 %
Useful life:                       20 years                       Type of operation:              24 hour operation
Heat recovery unit:         Rotary                          Air flow type:                      Constant
Investment:                     135,000 SEK               Temp. efficiency:                79 %
                                                                             Weighting factor (α)            1.0

On entering the input parameters above in our cal-
culation aid in Excel, the computer program can 
be used for obtaining a life-cycle cost estimate to 
ENEU.

The calculation process follows the various folders 
that are available in Excel. The specific present ra-
tes to be used in the calculations can be entered 
behind tabs A;B- 1. The fan data can be calculated 
in the forms A;T- 1. Heat exchanger data can be 
calculated in the form A;T- 3 and the total life-cycle 
energy cost can be accessed on the final compila-
tion form A;B- 3.

The specific present rates for heating and electric 
power can be calculated by means of the present 
worth factor from the table on page 35. In this ex-
ample, the present worth factor (Nu) will be 12.46. 
This provides specific present rates for electric po-
wer (poel) = 748 öre/kWh and heating (poev) = 685 
öre/kWh. These calculations are automatically car-
ried out together with other calculations as soon as 
all pertanent data has been entered in the form.

When all the parameters have been entered in the 
calculation, the program will provide a total LCCE .
This figure represents the total energy cost for both 
electric power consumed by the fans and the supp-
lementary energy consumed to heat the supply air.

Life-cycle energy cost of the fans      SEK   210 166
Life-cycle energy cost for heating      SEK     83 177

Total life-cycle energy cost LCCESEK293 343

Valuation = the sum of tender + α x LCCE

Valuation = 135 000 + 1.0 x 293 343

Valuation = SEK 428 343

LCC – Life Cycle Cost
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