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PURPOSE

The purpose of these recommendations is to prescribe a model for all energy calculations so
that results from different manufactures will be comparable. The energy costs will form the main
part in a Life Cycle Cost calculation. A software program for these energy calculations is avai-
lable in conjunction with the recommendations. The program can also be used for validation of
similar calculations in other applications e.g. suppliers software programs.

The guides and software provides a tool for providing consistant interpretations of the calcula-
ted energy costs. As engineering judgment is required for entering data and assumptions are
made in the analysis this software does not provide 100% accuracy. It is important that all input
data and assumptions are detailed when documenting the analysis or presenting the results of
an analysis to a third party. When using the Eurovent software this data is presented along with
the results.

This document (model) is made as complete as possible from an energy point of view for an Air
Handling Unit. The model comprises of; calculations for fans, heating and cooling, energy reco-
very, humidification and dehumidification, power and energy. It does not however cover the
effects due to heat transfer between the ductwork and its surroundings. The calculations have
been modelled on a fictitious generic unit as shown below.

eha r—— . _
(exhaustair) | ~¥ Heatllng Cool_lng
~— — | ] :l| coil coll ea .
4 (extract air)
e H
L5
e S ——
—d ( & j sa
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Figure 1 —Air Handling Unit with heat recovery, heating coil and cooling coil
Chapters 1 to 3 handle the fundamental parts like limitations for the document, terms and symbols.

Chapters 4 to 7 deal with the components in an air handling unit e.g. fans. It is written in an edu-
cational form and gives background information on energy prices, on secondary energy the com-
ponents will consume (e.g. pump energy for a heating coil), and under which conditions the
energy for a specific component shall be calculated (e.g. the filter conditions when calculating
the energy consumption for a fan) and how the functions are influenced by the weather condi-
tions (e.g. freezing in a run around coil).

Chapter 8 describes the Eurovent rules; the general guidelines for the calculation of energy
demands in air handling units. Users who only want to know how to calculate may skip the first
7 chapters and go directly to this chapter. Those who are familiar with the subject could also use
Annex A and B for a manual calculation or use the computer calculation program.
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1 SCOPE

This Eurovent document specifies how to perform calculations of energy demands in air hand-
ling units as a whole.

It also deals with specific components of air handling units and prescribes what influence a com-
ponent will have on secondary energy consumption.

The chapters explain under what conditions the energy consumptions shall be calculated and
how weather conditions that influence the performance of a certain component are taken into
account

Operation time, operation conditions and variable air volume (VAV) systems will be handled too.
The assessment of prices for thermal heating and cooling energy, based on seasonal efficiency
and type of heat— and cold production has also been considered.

The calculations only handle the energy consumptions in air handling units, not for a building as
a whole (e.g. how unbalanced air flows will influence the building energy consumption is not cal-
culated).

This document is not applicable to the following:

a) air conditioning units serving a limited area in a building, such as fan coil units;
b) units for domestic ventilation systems;

€) mixing sections;

d) units with heat pumps;

e) units equipped with facilities for thermal energy storage.
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2 TERMS AND DEFINITIONS

2.1 GENERAL
Some terms and definitions are taken from the European Standard EN 13053 and EN
12792.

211
air flow control equipment
device which controls the air flow e.g. frequency inverters, controllable blades, etc.

21.2

air handling unit

factory made encased assembly consisting of sections containing a fan or fans and
other necessary equipment to perform one or more of the following functions: circula-
ting, filtration, heating, cooling, heat recovery, humidifying, dehumidifying and mixing of
air

21.3

air heating and cooling coils

heat exchangers by means of which heat is transferred from a heat transfer medium to
air (heating coil) or the other way round (cooling coil)

21.4
component of air handling unit
smallest discrete functional element of an air-handling unit

215

external

outside the air handling unit, i.e. in the ductwork upstream and downstream the air
handling unit

2.1.6
fan section
section in which one or more fans are installed for air moving

21.7
filter section
section including a filter or filters and associated filter frame

21.8
heat exchanger
device to transfer thermal energy from one medium to another

219

heat recovery section

section in which heat (and possibly also moisture) is transferred from one air stream
into another, either directly or using an intermediary heat transfer medium
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2.1.10
humidifier section
section in which moisture is added to the air

2.1.11
internal
within the boundaries of the air handling unit

2112

purging sector

device of a rotary heat exchanger used to substitute extract air by fresh air in a rotor
sector, before it enters the supply air

21.13

section of air handling unit

functional element of an air-handling unit, consisting of one or more components in a
single casing

2.1.14
transmission
drive system between fan shaft and motor shaft (e.g. V-belt drives)

2.2 FUNCTIONS

2.21

air treatment

process by which the state of the air is modified with respect to one or more of its cha-
racteristics such as temperature, moisture content, dust content, bacterial count, gas
and vapour contents

222

air type

designation of the air moving through a ventilation, air conditioning or air treatment ins-
tallation as a function of its location relative to the installation, e.g. outdoor air, supply
air, extract air, exhaust air etc.

2.2.3
cooling
removal of latent and/or sensible heat from the air

224
cooling period
time during the year with demand for additional cooling

2.2.5

dehumidification
reduction of water vapour from the air
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226
frost protection
device to defrost a heat exchanger or to avoid freeze—up of a component

2.2.7
heating
addition of sensible heat to the air

2.2.8
heating period
time during the year with demand for additional heating

229
humidification
controlled addition of moisture content to an air stream

2.3 CHARACTERISTICS

2.31
air flow
movement of air within set boundaries (such as ducts)

2.3.2
air flow rate
mass or volume flow of air passing a given plane divided by time

2.3.3
annual demand of heating energy
amount of additional heating energy during a year

234
carry over
unwanted transfer of air from external to supply air by one single component

2.3.5
constant air flow
air handling unit operating with a fixed air flow rate

2.3.6

cooling load

the net amount of power to a space, to be conditioned, due to conduction, solar radia-
tion, appliances, people and pets.

2.3.7

design point
performance of a component at the condition it has been designed for
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2.3.8
design pressure drop, filter
pressure drop of filter to calculate the design working point of a fan

239
duration of outdoor condition
time during which a certain outdoor condition prevails

2.3.10

external total pressure difference

difference between the total pressure at the outlet of the air handling unit and the total
pressure at the inlet of the unit

2.3.11

heating load

the net amount of power from a space, to be tempered, to outside the space due to
conduction and infiltration.

2.3.12

humidification efficiency

ratio between the mass of water evaporated by the humidifier and the theoretical mass
needed to achieve saturation at a given temperature

2.3.13
initial pressure drop, filter
pressure drop of filter at the beginning of its life cycle

2.3.14
latent cooling
cooling energy required to reduce the moisture content of the air at fixed temperature

2.3.15
leakage
unwanted air flow

2.3.16

life cycle costs

total costs for the user of an air handling unit from the moment of purchase until the final
disposal

2.3.17

momentarily thermal energy consumption

the thermal energy consumption, when operating the air handling unit under a specific
outdoor air condition, during a defined length of time, normally one hour

2.3.18

operation conditions

air conditions (air flow rate, pressure, density, temperature and humidity) under which
the air handling unit is running
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2.3.19
operation time
time during which the air handling unit is running

2.3.20
purging air flow
air flow through the purge section of a heat recovery wheel

2.3.21
recommended final pressure drop, filter
advised pressure drop of filter at the end of its life cycle

2.3.22

room moisture gains

increase of moisture content in the extracted air caused by any internal moisture
production in the room and/or moisture transfer from or to the exterior

2.3.23
sensible cooling
cooling energy required to decrease the temperature of the air at fixed moisture content

2.3.24
specific fan power
absorbed electric power consumption of a fan per unit of transported air volume flow

2.3.25

system effect

performance deficit of a fan, caused by an installation type (enclosure, ductwork)
deviating from the applied standardised test rig

2.3.26

temperature efficiency

ratio between temperature rises in one air stream divided by the difference in
temperature between the inlet temperatures of the two air streams.

2.3.27

variable air flow
air handling unit operating with a controlled variation of the air flow rate

EUROVENT 6/8, 2005



3 SYMBOLS AND ABBREVIATIONS

Some symbols, units and abbreviations are taken from the European Standard EN 13053.

For the purposes of this document, symbols and units given in EN 12792 and in table 3.1 apply,
together with those defined with the formulae, in text and in the annexes of this document.

Table 3.1 — Symbols, terms, units and subscripts

Symbol Term Unit
a Angle i
C1, Cz ... [Constant values in formulas -
Co Specific heat capacity J x (kg x {C)"
D, d Diameter m
Ap Differential pressure Pa,kPa
Ax Change in moisture content g x kg™’
E Energy price, energy costs € x (kWh)', €
fo Porosity factor of rotary heat exchanger structure -
@ Relative humidity %
Hr Higher heating value Jxm? Jxkg?
h Specific enthalpy J x kg’
7 Efficiency -
e Overall efficiency -
n Heat recovery efficiency (temperature ratio) -
™ Moisture recovery efficiency (humidity ratio) -
/ Length m
n Rotational speed rx min’
P Power w
PEL Electric energy loss on primary side %
p Pressure Pa,kPa
Peooiing Costs of thermal cooling energy € X (kWh)"
Preating Costs of thermal heating energy € X (kWh)"
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Table 3.1 (continued)

Symbol Term Uni
Prum Costs of thermal energy for humidification € x (kWh)'
Q Thermal energy and annual thermal energy consumption kJ and kWh x a”
qm Mass flow rate kg x s
qv Volume flow rate m®x s
p Density kg x m?®
SFP Specific fan power 10°xW xsxm?
t Temperature iC
th Period of time h
top Annual operation time hxa'
ts Period of time s
Vi Vapour load gxh'
w Annual electric energy consumption kWh x a”
X Moisture content kg x kg™
Subscripts
1 Warmer air (1st subscript) — inlet (2nd subscript)
2 Colder air (1st subscript) — outlet (2nd subscript)
11 Warmer air inlet
12 Warmer air outlet
21 Colder air inlet
22 Colder air outlet
aceq Air flow control equipment
ahu Air handling unit
air Air
an Annually
bp By-pass
C,c Cooling
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Table 3.1 (continued)

Subscripts
CAV Constant air flow
circ Circulation
coil Coll
d, day [Daytime (from 06:00 to 18:00)
des Design
dis District
distr Distribution
dry Dry
E Eurovent
ea Extract air
eha Exhaust air
el Electric
eq Equivalent
ext External air handling unit
f Fuel
fan Fan
filter Filter
fluid Fluid
H, h Heating
HE Heat exchanger
HRS Heat recovery system
hum Humidification
i, N Count number
im Impact losses (sytem effect generated in a discharge opening of a fan)
in Inlet
ini Initial

EUROVENT 6/8, 2005
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Table 3.1 (continued)

Subscripts
L, lat Latent
leak Leakage
loop Loop system
m Motor
man Manometric head
max Maximum
min Minimum
mom Momentary
n, night | Night time (from 18:00 to 06:00)
oa Outdoor air
op Operation
out Outlet
p Pump
REC Recovery
rl Room load
S, sens [Sensible
S Seasonal
sa Supply air
sat Saturation
shaft Shaft
t Temperature
throttle | Throttle
tot Total
tr Transmission
X Moisture
VAV Variable air volume

14
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Table 3.1 (continued)

Subscripts
w Water
wet Wet

Abbreviations

AHU Air handling unit

CAV Constant air volume

HVAC Heating, ventilation and air conditioning
LCC Life cycle costs

SFP Specific fan power

VAV Variable air volume

EUROVENT 6/8, 2005
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4 FANS

41 GENERAL

Fan energy is a large part of the energy usage of a ventilating system. A number of new terms, like
LCC (Life Cycle Cost) and SFP (Specific Fan Power), have been introduced into the HVAC vocabulary
as the economically and ecologically minded have begun making demands on the efficient use of ener-
gy and power in buildings.

The fan power is influenced by the overall efficiency of the fan, the resistances in the system and the
air flow velocity through the unit and ductwork.

As a fan mounted in a casing is affected by the air velocity field, the performance and sound level will
diverge from performance tests obtained from test results of a similar stand-alone fan. As such, the fan
performance must be tested with the fan mounted in a fan section in compliance with EN 13053. This
European Standard specifies requirements and testing for ratings and performance of air handling units
as a whole.

A fan section can comprise of more than one fan; in this paper a single fan in the section will be
assumed.

In an installation the electrical power to the motor of the fan is affected by the air flow to the power of
around 3 if the fan speed is to be changed proportionally. It is therefore extremely important to ensure
the accuracy of the stated air flow in a ventilating system.

Two of the most important parameters for fan control, and hence energy consumption, are the operat-
ing time and the use of VAV (variable air volume) instead of CAV (constant air volume). Correct set-
tings of operating time and a control device, which enables prolongation of the normal occupation time
for extraordinary use, gives energy savings, so does also the use of VAV which means that only the
required air volume is supplied.

42 ELECTRICAL POWER
The absorbed power supplied from the mains to each individual fan can be expressed as follows:

qv "APfan
e =T aann 4.1)
or N 1000
P
P | = shaft
° Ntr “Mm " Naceq (4.2)
where
P = The absorbed electrical power supplied from the mains (kW)
Qv = Air volume flow through the fan (m?®s)
Ap, = Total pressure rise from the fan inlet to the outlet (Pa)
Phatt = Mechanical power supplied to the fan shaft (kW)
MNe = Overall efficiency of the fan and motor system = Mgyan X Ny X Ny X Nageq
Nehatt = Fan shaft efficiency (includes bearing losses)
Ny = Efficiency of the mechanical transmission
Nm = Efficiency of the electric motor excluding any control
Naceq = Efficiency of the control equipment including its effect on motor losses
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All values are applicable to an air density of p,, = 1.2 kg/m®

The fan performance must be tested with the fan mounted in a fan section (factors influenced are;
APtany Pshattr Nshait @Nd sound level) because there is a forced air velocity field in a unit which does not
exist when the performance is tested as a stand-alone fan (see figure 4.1).

— R
_ﬂ’ _ﬂrl—

Figure 4.1 —Air velocity field in a fan section and around a stand-alone fan.

In a ducted air handling system two pressure drops, internal and external to the AHU, shall be estab-
lished. Pressure rise across the fan Apy,, must overcome the sum of those pressure drops. See figures
4.2 and 4.3.

RVAVATAUATLNAVATIVAVAT
FAVAVANAVATAVAVATAVAVANE
7
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Z
APim ’ Apsys
Apext 1 Aptan=APanuy Apext 2

Figure 4.2 — Pressure conditions in the ducting system (external pressure drop)

AP sound
APext 1 AP fan~APahu APext 2

b — COCU
>
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3

Figure 4.3 — Pressure conditions inside the air handling unit

The consultant or contractor has to determine the external pressure drop of the system and the design-
er of the air handling unit should calculate the internal pressure drop of the unit. Pressure losses should
be assigned to that part of the system where they are actually generated. Particularly at the bound-
aries of the air handling unit pressure drops arise with indistinct designation. Considering this, the fol-
lowing subdivision in pressure drops can be defined.
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Internal pressure drop:

- Pressure drop in all the functional sections of the air handling unit, including extra losses generated
by the installation sequence of the components in the unit. The filter pressure drop should be calcu-
lated for the average of initial and recommended final pressure drop. The pressure drop across all
components involved (e.g. heat exchangers, cooling coils and humidifiers) shall be calculated as the
mean value dry and wet at design point.

- Pressure drop at the unit inlet caused by inefficient static regain of velocity pressure in intake open-
ing/duct.

- Fan system effect caused by additional aerodynamic losses at fan inlet and discharge opening. The
system effect depends on the fan arrangement in the air handling unit and ductwork connection on
the fan discharge.

The system effect generated in a discharge opening of a fan (Ap,,,) with downstream components is
comprised in the internal pressure losses. If the fan is located at the end of the unit and the fan out-
let is the unit outlet; possible downstream system effects are not included in the internal pressure
drop.

External pressure drop:

- Pressure drop in any duct system upstream and downstream the AHU including the losses generat-
ed in any integrated appurtenance (balancing dampers, fire dampers, grilles attenuators, etc.).

- Fan discharge system effect, generated by inappropriate ductwork (tees, elbows, or abrupt cross
section changes) in the vicinity of the fan discharge. These external losses can only occur when the
fan outlet is the unit outlet.

Consult AHU-suppliers recommendations for proper ductwork connection.

The consultant or contractor has to supply the designer with the external pressure drop of the system.
Externally generated additional pressure losses at the unit discharge connection are never included in
the design internal pressure drop and are the responsibility of the contractor or consultant.

If the air handling unit includes a rotary heat exchanger, make sure that the leakage and purging air
flows are from the supply air side to the extract air side. The necessary extra throttling (Apyrottie)
upstream of the rotary heat exchanger to secure the right leakage flow to the extract air side can be
calculated as indicated in 4.2.1, and should be included in Ap,,.

When calculating the P, of the extract air fan, the leakage and purging air volume flows should be
included in the air volume flow of the extract fan, qy.

Transmission efficiency. n,,

The efficiency of the drive system, such as V-belt drives, flat belt drives, reduction gears, hydraulic cou-
plings and eddy current couplings should be determined by applying figures specified by the supplier of
the transmission.

If the fan impeller is directly mounted on the rotating motor shaft, specify ne = 1.

Motor efficiency, 0,
The efficiency of motors should be obtained from the motor manufacturers.

Efficiency of air flow control equipment 1.,

For systems that permit the incorporation of variable speed devices such as frequency inverters or volt-
age regulators, the performance data of these devices should preferably be obtained from the supplier.
The efficiency should include how the control equipment affects motor losses.

If the fans have controllable blades, pertinent performance data should be obtained from the supplier.
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421 CALCULATION OF EXTRATHROTTLING ON EXTRACT AIR SIDE OF THE ROTARY
HEAT EXCHANGER TO ENSURE THE CORRECT AIR LEAKAGE DIRECTION.

Ap throttle
\.Apext,eha ép filter | Ap ext,ea
| =)
. w
‘ ] \Q
7 > P2 X
7 i> s (D) §
N
Apext,oaL A pahu,sa Ap ext,sa

Figure 4.4 —Air handling unit with rotary heat exchanger and extra throttling

To ensure that the leakage across the rotary heat exchanger will be from the supply air to the extract
air, the pressure p3 must be lower than the pressure po as illustrated above.

Hence: p3 < po

p2 = '(Apext,oa + Apahu,sa) (43)
p3 = '(Apext,ea + Apthrottle + Apfilter) (44)
If p2 = ps
then:
Apthrottle = Apext,oa + Apahu,sa - Apext,ea - Apfilter (45)
SpeCify Apext,oa + Apext,sa = Apext,oa+sa and Apext,ea + Apext,eha = Apext,eaﬂaha thus
Aptho‘[tle = Apext,oa + Apahu,sa - Apext,ea+eha + Apext,eha - Apfilter (46)

The supplier of the air handling unit must calculate the Apasw and Apster used in the equations above.
The external pressure drops of the supply air, Apexocarsa and the external pressure drop of the extract air,

APyt catena are specified in the quotation documents. On the other hand, Ape,; oo @Nd Apey; chg are seldom
specified. In order to carry out a consistent calculation of Apy,.e, the following settings can be
assumed:

if APextoarsa > 150 Pa set Ap, .o = 50 Pa, otherwise set Apgy oa = APextoarsa / 3
If Apext,ea+eha > 150 Pa set Apext,eha =50 Pa’ otherwise set Apext,eha = Apext,ea+eha / 3

The degree of extra throttling required, Apiprottie Can then be calculated from the formula above.

The pressure drop, Aprier, refers to a unit with filters at the design pressure drop.
Negative Apwote means that no extra throttling is necessary.
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4.3 CONSTANT AIR VOLUME (CAV) vs. VARIABLE AIR VOLUME (VAV)

In a CAV system, the calculations related to energy consumption must be based on the nominal (maxi-
mum) air flow and nominal external pressure drop (pressure drop in the ducting).

In a VAV system, the calculations related to energy consumption must be based on an air flow, which is
a mean annual value, the partial air flow, and the related external pressure drop, specified by the cus-
tomer in each air handling unit specification or at another point in the reference documents of the
inquiry.

The air handling unit supplier must therefore specify data at nominal (maximum) flow and nominal
external pressure drop as well as the partial flow and the related external pressure drop.

If customer has not provided data concerning partial air flow and related external pressure drop, the fol-
lowing figures can be used in the energy calculations for VAV systems:

Design air flow: 65% of the nominal air flow
Design total pressure drop: 65% of the nominal total pressure drop.
Comments:

We have selected 65% of the nominal airflow rate, which we consider realistic as a mean annual value for normal comfort ventilation.

We have set the design total pressure drop at 65% of the pressure drop at nominal airflow rate using conventional calculation methods and assuming the following:
—_ 62% of the total pressure drop consists of the flow-dependent pressure drop

—_ 38% of the total pressure drop consists of the flow-independent pressure drop, equivalent to constant pressure control.

The reduction factor for variable air volume system; 1My/ay, can then be calculated to 0,42.

44 ENERGY CALCULATIONS

W = (Pel,sa + I:)el,ea ) top (47)

where

Annual energy consumption (kWh/a)

Peisa = The absorbed electric power supplied from the mains to the supply air fan (kW)
Pelea = The absorbed electric power supplied from the mains to the extract air fan (kW)
top = Annual operation time (h/a)

NOTE: In a CAV system Pel,sa and Pel,ea shall be calculated at nominal flow and nominal external pressure drop. In a VAV system Pel,sa and Pe|_ea shall be cal-
culated at 65% of nominal flow and 65% of nominal external pressure drop if nothing else is stated.

Rated values for P, ¢, and P, ., shall be specified in AHU manufacturer s specifications!

4.5 SPECIFIC FAN POWER (SFP)

The SFP value is defined as power divided by air flow. It can easily be proven that the value is also
total pressure drop divided by overall efficiency of the fan and motor system and this indicates how to
reduce the value.

SEp - el _ _ APfan (4.8)
qv  Me ~1000
where
SFP = The specific fan power of the air handling unit/fan [kW/(m?/s)]
P = The absorbed electric power supplied from the mains to the fan in the air handling
unit/fan (kW)
Qv = Air flow through the air handling unit/fan (m®s)
APsan = Total pressure rise from the fan inlet to the outlet (Pa)
Ne = Overall efficiency of the fan
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The demanded SFP value is intended for use during the planning stage for determining the absorbed
electric power demand and the energy consumption required for transporting air. By stipulating a SFP
value, the purchaser can quickly determine whether a given air handling unit will meet the overall
demands on power consumption. If the air handling unit consists of only one air stream the demanded
SFP value should be less than half the value of a unit with two air steams and heat recovery. To make
it easier for a supplier to offer air handling units or fans with the desired power efficiency, it is suitable to
specify the highest permissible SFP in connection with other fan performance data in the program
specification for example as SFP < 2.5 kW/(m?/s).

EUROVENT has defined the SFPE (index E for Eurovent), which makes it possible to assess how effi-
ciently individual air handling units utilize electric power.

4.5.1 HEAT RECOVERY AIR HANDLING UNIT WITH SUPPLY AIR AND EXTRACT AIR

The specific fan power, SFPE is the total amount of electric power, in kW, supplied to the fans in the
air handling unit, divided by the largest of supply air or extract air flow rate (note, not the outdoor air nor
the exhaust air flow rates) expressed in m?%s.

SFPE _ Pel,sa + PeI,ea (4'9)
qV max
where
SFP: = Specific fan power of a heat recovery air handling unit [kW/(m?s)]
Peisa = The absorbed electric power supplied from the mains to the supply air fan (kW)
Pelea = The absorbed electric power supplied from the mains to the extract air fan (kW)
QV max = Largest of supply air or extract air flow through the air handling unit (m?s)

Note that air handling units with liquid-coupled coil heat exchangers and separate supply air and extract
air sections also belong to the category of air handling units described in 4.5.1.

P ass @nd P, o, can be calculated as shown in Section 4.2.

4.5.2 SEPARATE SUPPLY AIR OR EXTRACT AIR HANDLING UNITS AND
INDIVIDUAL FANS

The specific fan power, SFPE is the electric power, in kW, supplied to a fan divided by the air flow
expressed in m¥/s.

P

SFPg — (4.10)
Qv
where
SFPe = The specific fan power of the air handling unit/fan [kW/(m?*/s)]
P = The absorbed electric power supplied from the mains to the fan in the air
handling unit/fan (kW)
Qv = Air flow through the air handling unit/fan (m?/s)

P, can be calculated as specified in Section 4.2.
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5 HEATING AND COOLING

51 GENERAL

The function of a heat exchanger in an air handling unit is to transfer thermal energy from one medium
to another. The energy costs for any form of heat transfer depends on many installation and building
parameters. Examination and calculation of all these variables for each individual installation would
take a lot of time and in some cases would even be impossible.

In these Recommendations realistic values have been established for the most common heating, venti-
lating and air-conditioning systems in Europe. The data specified in this chapter, shall only be applied if
the actual installation is in compliance with the assumed stipulations.

5.2 COSTS OF THERMAL HEATING ENERGY

This chapter should be used as a guidance to calculate the costs of thermal heating energy if no actual
prices in / kWh are available!
The price of thermal heating energy shall be established at the location of the consumer (heat exchang-
er) and depends on:
» Fuel price
* Overall efficiency of the boiler (heat output measured in water or steam leaving the boiler, divided by
input)
The table below lists overall efficiencies for various kinds of heat generation.

Table 5.1  Overall boiler efficiency at rated performance”

TYPE OF ENERGY SOURCE ATMOSPHERIC BURNERS POWER BURNERS?
Non condensing water boilers 81% 83%
Condensing water boilers 86% ° 87% °
Steam boilers 80% 82%

Electric boilers (water & steam) 95%
District heating 100%

1) Efficiency based on gross calorific value (higher heating value) of boiler fuel
2) Boiler with combustion air fan

3) At 80 ...C mean water temperature

Seasonal efficiency of thermal heat production

The seasonal efficiency is the actual operating efficiency that will be achieved during the heating sea-

son at various loadings.

Apart from the overall efficiency of the energy source, the seasonal efficiency also depends on:

- Type of boiler control (on-off, high-low-off, modulating, boiler sequence control).

- Water temperature control strategy (constantly high water temperature during heating season,
weather anticipating water temperature control system).

- Extensiveness of heating distribution pipe network (design and type of heating system).

Where no actual data for seasonal efficiency is available, table 5.2 recommends values for various

types of installation.
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Table 5.2 Seasonal efficiency of thermal heat production "
BURNER TYPE
INSTALLATION TYPE :
At'EOSP heric Power burners Others
urners
Mean water temperature 80°C |45°C| ~ |80°C|45°C| ~ |80°C|45°C
° Non condensing water boiler(s) | 77% |80% | — |81% |84% | — | — | —
c
5_2 £ | Condensing water boiler(s) 83% [89% | — |85% |9N0% | —| — | —
= Eg Steam boiler(s) — | —|76%| — | — |80%| — | —
2 -%% Electric boiler(s) — | — | =1 — | — | —|93% |96%
[on
® District heating — | —| = =] — | —|98% | 99%
Atmospheric Power burners Others
burners
Mean water temperature 80°C |45°C| ~ |80°C|45°C| ~ |80°C|45°C
s o°F Non condensing water boiler(s) | 74% | 78% | — |78% |82% | — | — | —
gg%%ﬁ Condensing water boiler(s) 81% |87% | — |82% |88%| — | — | —
8 9.8 2% [ Steam boiler(s) — | —lraw| — —[77%| — | —
s53%¢2
£ 25 £ 8 | Electric boiler(s) — | — | —| — | — | —|90% |94%
220
©  © 22 District heating — | —| = =] = | —195% |97%
Atmospheric Power burners Others
burners
Mean water temperature 80°C |45°C| ~ |80°C|45°C| ~ |80°C|45°C
© ol% Non condensing water boiler(s) | 72% | 77% | — |76% |80% | — | — | —
§§§§§ Condensing water boiler(s) 78% [ 85% | — |79% [86% | — | — | —
c:; g%i % Steam boiler(s) — | —|7T1%| — | — |75%| — | —
258 § Electric boiler(s) — | = = = — | —|87%|92%
- 0.2
© 23 District heating — | = =1 — | — | —192% | 95%

1) Efficiency based on gross calorific value (higher heating value) of boiler fuel
2) Distribution network indoor or outdoor installed

With the seasonal efficiency and the fuel price or price for electricity the costs of thermal heating energy
can be calculated with the following equations:

> Fuel fired boilers: p, .= (E,-3600)/H, ng,) (5.1)
» Electric boilers: Pheating = (Eelfﬂsh) (5.2)
> District heating: o _ (. fnn) (5.3)
where

Pheating™ costs of thermal heating energy in €/kWh

E; = fuel price per unit in €/m?* or €/kg or €/l

H, = higher heating value of boiler fuel in kJ/m® or kd/kg or kJ/I

Nsh = seasonal efficiency of thermal heat production in %/100

Eq = price for electricity in €/kWh

Egis = price for metered district heating in €/kWh

3600 = conversion factor in kJ/kWh
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5.3 COSTS OF THERMAL COOLING ENERGY

This chapter should only be used as a guidance to assess the costs of thermal cooling energy if no actu-

al prices in € / kWh are available!

The price of thermal cooling energy shall also be established at the location of the consumer (cooling

exchanger) and depends on:

* Price of primary energy (electricity, fuel or other energy source)

* Overall efficiency (C.O.P.-value) of refrigeration plant (cooling capacity measured in water or refriger-
ant leaving the refrigerating machine, divided by total primary input)
A complete refrigeration plant usually consists of several components. Since each component may be com-
bined with various kinds of equipment, a great variety of refrigeration plants is applied in the HVAC-industry.
Apart from the composition of the cold production, the performance with matching efficiency also
depends on refrigerant type, chilled water or refrigerant temperatures, condenser water temperatures
or outdoor temperature.
The great number of options makes it impossible to provide efficiency figures for all circumstances.
Table 5.3 shows total efficiencies of most commonly used refrigeration plants at rated standard per-
formance conditions.

Table 5.3 Overall refrigeration plant efficiency in % at rated performance
EVAPORATION
TYPE CONDITIONS CONDENSER CONDITIONS
OF _ _ Air temperature " Water
REFRIGERATION Evaporation | Chilled water °C temperatures
PLANT temperature | temperatures °C
OC OC
25 | 30 | 35 | 40 |30/35|35/40|40/45
Air-cooled 4° - 340 {300 |270 | 240| - - -
compressor- 8° - 360 | 320 | 285 | 260 - - -
condensing unit for 12° - 380 | 340 | 305 | 285 - - -
direct-expansion
coils
Water chillers with - 5°/10° 310 | 280 | 250 | 225 - - -
air-cooled - 7°112° 320 {290 |260|235| - - -
condensers - 10°/15° 335|300 | 270 | 240 - - -
Water chillers with - 5°/10° - - - - 365 | 320 | 280
(waste) water- - 7°112° - - - - 385 | 340 | 295
cooled - 10°/15° - - - - | 410 | 360 | 315
condensers ?
Water chillers with - 5°/10° - - - - 305 | 270 | 240
water-cooled - 7°112° - - - - 315 | 285 | 250
(circulation) - 10°/15° - - - 330 | 295 | 265
condensers ¥
Hot water - 5°/10° - - - - - - -
absorption - 7°/12° - - - - 75 - -
refrigerating - 10°/15° - - - - - - -
machine ¥
Direct fired - 5°/10° - - - - Data to be
absorption - 7°/12° - - - - specified by
refrigerating - 10°/15° - - - - manufacturer or
machine 9 supplier

1) Ambient air temperature at condenser inlet.

2) Cooling from natural source water or utility water. Water consumption not included in efficiency!

3) Water cooled condensers of water chillers consume additional energy if the cooling water is coming from an air cooled liquid cooler or cooling tower. The
listed efficiencies include the energy consumption of a liquid cooler and circulating pump between condenser and liquid cooler! Assumed ambient air tempera-
tures 10 K below water outler temper ature of liquid cooler.

4) Efficiency of thermal heat production not included in refrigeration efficiency (see chapter 7.1.1)

5) Absorbed electric power 0,5% of rated cooling performance

6) Efficiency based on higher heating value of fuel

24 EUROVENT 6/8, 2005



¥ Seasonal efficiency of cold production
The seasonal efficiency can be defined as the actual operating efficiency that can be achieved
during the cooling season at various loadings and matching outdoor conditions.

Although this figure is mainly dominated by the overall refrigeration plant efficiency, the seasonal

efficiency is also affected by:

- Type of controls on cooling equipment (on-off, high-low-off, modulating, chiller sequence
control)

- Relative location of cooling components, with respect to connecting pipe network.

- Extensiveness of chilled water or refrigerant distribution pipe system.

Where no actual data for seasonal efficiency is available, table 5.4 illustrates recommended

values for various types of refrigeration plants at several mean operational conditions.

Table 5.4 Seasonal efficiency of cold production

Integrated part load values for different types of cold production in development
Relevant data will be established by European working group
For the time being figures from table 5.3 should be applied

With the seasonal efficiency of table 5.4 and the price for electricity, price for thermal heating energy
(/ 5.1) or fuel price; the costs of thermal cooling energy can be calculated with the following equations:

» Compression type refrigerating machine: Pcooling = (Eel /Tlsc) (5.4)
» Hot water absorption refrigerating machine: Peooling = (Dheating /“sc) (5.5)
> Direct fired absorption refrigerating machine: ~ Peooing = € -3600)/H, -n.) (5.6)
> District cooling: Peooting = Eais Msc) (5.7)
where

Poooling = COsts of thermal cooling energy in €/kWh

Eq = price for electricity in €/kWh

Nsc seasonal efficiency of thermal cold production in %/100
Pheating = COsts of thermal heating energy in €/kWh

E; = fuel price per unit in €/m3 or €/kg or €/

H, = higher heating value of used fuel in kJ/m3 or kd/kg or kJ/I
Egis = price for metered district cooling in €/kWh

3600 = conversion factor in kJ/kWh

5.4 HEATING COILS

Air-heating coils are used to heat the air under forced convection. Related to the applied heating medi-
um the coils can be categorised into the following types:

- water coils

- steam coils

- electric heating coils

Energy can be consumed on the primary side and/or air side of the coil. In all cases, however, thermal
heating energy is consumed.
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54.1 ENERGY CONSUMPTION FOR THE PRIMARY SIDE

The energy consumption for the primary (water-, steam,- electric-) side is considered to be the required
energy to convey thermal heating energy from the source to the consumer. The primary energy con-
sumption to be taken into account basically depends on the type of heating coil.

¥ Water coils
The water flow through the coil is maintained by one or more circulating pumps. The hydraulic design
of the heating distribution pipe network and the water-side pressure drop across the coil determines
the energy consumption of the circulating pump(s).

The energy consumption of the pumps is also affected by:

- efficiency of the pump unit (size related)

- type of coil-control (variable water flow, variable water temperature)

- speed control on circulating pump(s)

Due to the number of parameters involved a simplification is made by assuming that the energy con-
sumption is proportional to the coil- and pump flow rate.

The basic equation to determine the annually consumed electric energy is given below:

» Consumed annual electric energy for circulation: W, = (p

circ

/1000)-t (5.8)

€q,0p

where
W, = consumed annual electric energy for circulation in kWh/a
P.. = absorbed electric power of heating coil related pump(s) in W
equivalent running time of pump(s) at full load in h/a

teq,op

The absorbed electric power P, shall be determined as described below; unless specified data is
available.

Where real data is unknown, the equivalent running time t
equal to the operating time of the air handling unit.

For pumps with speed control or in case of optimised heating plants a 50% reduction in running time
shall be allowed for.

eqop Of Circulating pump(s) is assumed to be

» Hence: Wcirc = (Pcirc /1 000) 05 top (59)
where

W, .. = consumed annual electric energy for circulation in kWh/a

P... = absorbed electric power of heating coil related pump(s) in W

top operating time of the air handling unit in h/a
An assessment of the absorbed electric power of pump(s) for water circulation through the coil can be
established with the equation below.

» Absorbed power for water circulation:  P.. =, o1 @ APy + AP gice )/np (5.10)
where

P.. = absorbed electric power of heating coil related pump(s) in W

Oveoi = Water flow through the coil in I/s

Apsy = water side pressure drop across the coil in kPa

Apgisr = cOIl related pressure drop in heating system in kPa

n, = total efficiency of pump(s) and electric motor(s) in %/100
The water flow rate through the coil (q, .,;) and water side pressure drop (Ap.,;) shall be taken from the
air handling unit specification.Guidelines for the pressure drop in the pipe section to the coil and the pump
efficiency are shown in table 5.5.
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| Table 5.5 Preszure drop and efficiency guidelines for circuiation pumgs for heating coils

PRESSURE DROF IN HEATING SYSTEM | EFFICIENCY OF PUNMP UNIT
Distanca between ensrgy APay, 0 Qo sy % [ 280w + DPasr )} U
solirce and healing coil in {r] [kPal [V att] [¥a]
ds 10 e Pairc x g = 10 15
Geds 18 (IS —= | 10 < PFcirt x 1], 5 16 20
18 <d=25 11 18 < Peire % 1), £ 23 30
25 <d =40 15 25 = Peirc x . 5.40 34

40 <d <63 20 40 < Pelre x 1], < A3 -
B3 <d=100 3 63'< Pgiro x = 100 34

100 <d < 125 36 | 100 = Poirc x 1 = 160 .
125 <d = 160 45 | B0 < Poirc x n, = 260 A3
160 <d s 200 B 55 | 250 = Pcirc xr, =400 A5
= 200 < d = 250 85 400 < Peirc % n, = 630 48
— 50 eds315 85 | G30<Pcrcxn, = 1000 £
{ d1b=:d=‘~4£:||:| 105 1000 < Peirc % 1y & 16040 £3
| A0 < d < 500 130 1604 = Peire % n, = 2500 Ed
5O < d < B30 160 2500 = Pgirg x 1), = 4000 56
a0 <d <800 206 4000 < Porexn. <6300 | &7 |
ROD < d = 1000 250 6300 < Poirc & iy < 10000 Bl |

¥ Electric heating coils

Primary side energy losses for electric heating coils are caused by heat generation in the power sup-
ply cables. The current to the heating element and the electric resistance of the cables determines the

loss. For safety reasons, the voltage drop with subsequent heat production in the electric cables is

limited by National and International Standards and Regulations.

Table 5.6 gives appropriate values to assess the energy consumption on the primary side of electric

heating coils; based on moderate cable diameters and voltage drops.

Table 5.6 Primary energy losses in power supply cables to electric heaters in % of
heater capacity
HEATER DISTANCE BETWEEN POWER PANEL AND ELECTRIC
CAPACITY HEATER
kW 10m | 16m | 25m | 40m | 63m | 100m | 160m | 250m | 400m
10 0,7 1,2 1,8 2,9 4,6 5,0 5,0 5,0 5,0
12,5 0,7 1,2 1,8 2,8 4,4 5,0 5,0 5,0 5,0
16 0,7 1,1 1,8 2,8 4,4 5,0 5,0 5,0 5,0
20 0,6 0,9 1,4 2,2 3,5 5,0 5,0 5,0 5,0
25 0,5 0,7 1,1 1,8 2,9 4,6 5,0 5,0 5,0
31,5 0,4 0,6 0,9 1,4 2,2 3,5 5,0 5,0 5,0
40 0,3 0,5 0,7 1,1 1,7 2,7 4,4 5,0 5,0
50 0,3 0,4 0,7 1,1 1,7 2,7 4,4 5,0 5,0
63 0,3 0,4 0,7 1,1 1,7 2,7 4,4 5,0 5,0
80 0,2 0,3 0,4 0,7 1,1 1,8 2,8 4,4 5,0
100 0,2 0,3 0,4 0,6 1,0 1,6 2,5 3,9 5,0
125 0,2 0,2 0,4 0,6 0,9 1,5 2,3 3,6 5,0
160 0,2 0,2 0,4 0,6 0,9 1,5 2,3 3,6 5,0
200 0,1 0,2 0,3 0,5 0,7 1,2 1,9 3,0 4,7
250 0,1 0,2 0,2 0,4 0,6 0,9 1,5 2,3 3,7
315 0,1 0,1 0,2 0,4 0,5 0,9 1,4 2,2 3,5
400 0,1 0,1 0,2 0,4 0,5 0,9 1,4 2,2 3,5
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The consumed additional electric energy on the primary side of an electric heating coil is calculated
with the equation:

W,, = (PEL/100): Q

ran (5.11)
where
W, = annual electric energy consumption on the primary side of an electric heating
coil (energy losses in power supply cables) in kWh/a
PEL = primary energy loss according to table 5.6 in %
Quan = annual thermal energy consumption of the electric heating coil in kWh/a

(see/5.4.3)

 Steam coils
Primary energy consumption for steam coils is considered to be included in the costs of thermal
heating energy. The steam pressure in the boiler will maintain the steam- and condensate flow.

54.2 ENERGY CONSUMPTION FOR THE AIR SIDE

To create the required air flow over a coil a certain differential pressure across the coil shall be main-
tained by the fan in the air handling unit. The energy consumption involved is included in the calculated
consumption of electric energy of the fan.

54.3 CONSUMPTION OF THERMAL HEATING ENERGY

To establish the thermal energy consumption 3 basic extract and supply air temperature scenarios are
presented for 3 different types of installation. The indicated supply temperatures could serve as typical
values for the particular installation type but are not mandatory. Extract air temperatures however are
supposed to be in accordance with the indicated values!

* Installation type [
- Central ventilation system
- Additional local heating and/or cooling in case of heating and/or cooling load

The function of the air handling unit(s)
INSTALLATION TYPE | in this installation type is merely to
30 supply the quantity of fresh air into
27 °C the building at fthe des!red sqpply '
25 temperature. Air handling units for this
] installation type are not usually
20 | 20 °C equipped with a cooling coil. Heating
and/or cooling loads are not covered
15 by the air handling unit.
: If the unit is equipped with a cooling
_Eﬁggfi} gilrr coil; some cooling capacity is
e obtained from a differential tempera-
20 10 0 10 20 32 40 ture between room and supply air.
Typical values for temperatures of
Outdoor temperature°C supply and extract air are often in
compliance with the graph on the left.

Indoor temperature °C

10

Figure 5.1 —Temperature scenario, type |
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* Installation type Il
- Central ventilation and cooling system
- Additional local heating in case of heating load
- Additional local cooling in case of high cooling load

INSTALLATION TYPE Il

o 30

°¢D : 27 °C
525

E 4

o ]

g 20

Qo 1

S 15+ 14°C
3 1 Extract air

£ 10 | Supply air

20 10 0 10 20 32 40

Outdoor temperature®C

Figure 5.2 —Temperature scenario, type |l

« [nstallation type Il

In this type of installation the air handling
unit supplies the air in such a condition that
moderate cooling loads are compensated
for by the temperature difference between
room and supply air. Heat losses are not
covered by the air handling unit.

The adjacent graph illustrates a typical rela-
tionship between outdoor temperature and
supply- and extract air temperature. Supply
temperatures may be changed, if
appropriate.

The indicated extract temperatures on the
other hand are supposed to be fixed
values.

- Central air conditioning system for ventilation, heating and cooling

- Additional local heating in case of high heating load

- Additional local cooling in case of high cooling load

INSTALLATION TYPE Il
40 -
O 35
o ]
2 30 1
© E ~N
o) ] 27 °C
& 25 - ~.
2 1 \
5 20 -
S ]
£ 15 Supply air 14°C
II— Exﬁgcyt air
10 +——F—F+— : : :
-20 -10 0 10 20 32 40
Outdoor temperature°C

Figure 5.3 —Temperature scenario, type Il

The air handling unit in this type of installa-
tion ventilates and conditions the building
completely. The air is supplied in such a
condition that moderate heating and cooling
loads are covered by the temperature dif-
ference between room and supply air. For
extreme loads additional local heating or
cooling may be applied.

A typical temperature scenario for this
installation type is shown in the graph on
the left. The indicated extract temperatures
are fixed. The supply temperature scenario
however may be adapted by altering the
supply temperatures at —10;C, +20;C and
the maximum outdoor temperature.

The momentary thermal energy consumption of a heating coil is calculated with the equation:

Qmom =Qqy p- (hout - hin ) ts

(5.12)

where

Qrom = energy consumption for a time period tg in kJ

Qv = air flow rate over the coil in m%s

P = density of the considered air flow rate in kg/m?

Rout = enthalpy of the air at the outlet of the coil in kd/kg

hin = enthalpy of the air at the inlet of the coil in kd/kg

ts = period of time with steady in- and outlet conditions in s
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Since the moisture content of the air does not change, (hg;t —j,) may be substituted
by Cp X (tout _tin):

Qurom =Gy PG * (our =t ) o (5.13)
where

Qrmom = energy consumption for a time period tg in kJ

ay = air flow rate over the coil in m3/s

P = density of the considered air flow rate in kg/m3

Cp = gpecific heat of the air in kd/kg*jC

tout = temperature of the air leaving the coil in °C

t, = temperature of the air entering the coil in °C

tg = period of time with steady in- and outlet conditions in s

Strictly considered the sensible heat increase of the water vapour is disregarded in the last formula.
This is an acceptable assumption for normal applications in comfort installations where the moisture
content of the air is relatively small.

The annual thermal energy consumption of a heating coil shall be established taking into account the
following factors:

- geographic location of the air handling unit with matching outdoor conditions

- the effectiveness of any heat recovering device characterised by its dry temperature efficiency

- the selected appropriate temperature scenario

- the operating time of the unit

A correct valuation of the aforementioned factors enables an accurate calculation of the momentarily ther-
mal energy consumption for the duration of any outdoor condition during the operating time of the unit.
The annual energy consumption of the heating coil then is the sum of the momentary energy consump-
tions according to:

i= Qmo i n
QH,an = Qmom, i /3600) (5.14)
i= mom, 1
where
Qyan = annual thermal energy consumption of the heating coil in kWh/a
Qmom,i = energy consumption during time tg ; in kJ/a

t

s, | period of time with fixed in- and outlet conditions during annual operation

time of unitin s
3600 = conversion factor in kd/kWh
For further information on this topic see also chapter 8.

5.5 COOLING COILS

Cooling coils are used for air cooling under forced convection, with or without accompanying dehumidi-
fication. The dehumidification rate depends on the coil construction, the dew point of the entering air,
the water flow and the water temperatures. The sensible heat ratio of the coil, defined as the ratio of
sensible heat to total heat removal, can be used to evaluate the dehumidification rate. Based on the
applied cooling fluid the coils can be divided into the following types:

- water coils

- direct expansion coils

To avoid freezing in cold climates during winter time, a coolant based on a mixture of water and
antifreeze, may be applied in water coils.

Similar to heating coils, energy may be consumed on the primary side and/or air side of the coil. In all
cases however thermal cooling energy is consumed.
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5.5.1 ENERGY CONSUMPTION ON PRIMARY SIDE

The energy consumption on the primary (water-, refrigerant-) side is considered to be the required
energy to convey thermal cooling energy from the source to the consumer. The primary energy con-
sumption to be taken into account, principally depends on the type of coil.

» Water (coolant) coils
The water circulation through the coil is achieved by one or more circulating pumps. The hydraulic
design of the chilled water distribution system and the water-side pressure drop across the coil (and
refrigerating machine) determine the energy consumption of the circulating pump(s).
The energy consumption of the pumps is also affected by:
- efficiency of the pump unit (size related)
- type of coil-control (variable water flow, variable water temperature)
- speed control on circulating pump(s)
Due to the number of parameters involved a simplification is made by assuming that the energy con-
sumption is proportional to the coil- and pump flow rate.
The basic equation to determine the annually consumed electric energy is given below:

» Consumed annual electric energy for circulation: W __ = P, /1 000): teqop (5.15)
where

W, = consumed annual electric energy for circulation in kWh/a

Ps. = absorbed electric power of cooling coil related pump(s) in W

teqop = €quivalent running time of pump(s) at full load in h/a

The absorbed electric power P, shall be determined as described below; unless specified data is
available.

Where real data is unknown, the equivalent running time t.,,, of circulating pump(s) is assumed to
be equal to the operating time of the air handling unit.

For pumps with speed control or in case of optimised cooling plants a 50% reduction on running time
shall be allowed for.

> Hence: W = Py /1000)x 05 *t,, (5.16)
where

W,. = consumed annual electric energy for circulation in kWh/a

P.s. = absorbed electric power of cooling coil related pump(s) in W

top = operating time of the air handling unit in h/a

An assessment of the absorbed electric power of pump(s) for water circulation through the coil can be
established with the equation below.

» Absorbed power for water circulation: P = Qy i x(2* APcoil + APgistr )/Ylp (5.17)
where
P.s. = absorbed electric power of cooling coil related pump(s) in W
Oveoi = Water flow through the coil in I/s
Ap.,y = water side pressure drop across the coil in kPa
Apgisiy = coil related pressure drop in chilled water system in kPa
Mp = total efficiency of pump(s) and electric motor(s) in %/100

The water flow through the coil (q, .;) and water side pressure drop (Ap..;) shall be taken from the air
handling unit specification.

Guidelines for the pressure drop in the chilled water pipe section to the coil and the pump efficiency
are shown in table 5.7
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| Table 5.7 Pressure drop and efficency guidelines for circulation pumps for cool ng coils
PRESSURE DROP IN CHILLED WATER o ;
ekl EFFICIENGY OF PUMP LINI

Distance between rafrigamaling DR g IV o ot # (Z A0+ APy s | My
maching and cooling coll in Jm] [kPa] [VWatt] {8k
o =10 22 25 = Paire ®x ny & 40 34
10<d 516 27 40 = Poirg ® 1) 5 83 a7

16 < =25 32 B3 < Peirc « n, £ 100 39 1

25<d =40 34 | 100 =Poirgsne =183 4 .
A<d=<63 48 160 < Pairc x i, £ 250 43
63 <d=100 Bl 250 < Poirc ¥ r = 400 45
100 =d =125 0 40D = Peirg x 1, = 530 48
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| 530 < d < 800 260 16000 < P x nu<26000 | 67
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¥ Direct expansion coils

The primary energy consumption required to maintain the refrigerant flow through the coil shall be
included in the costs of thermal cooling energy. The compressor in the refrigerating machine creates
the differential pressure across the coil and subsequent refrigerant pipe network.

5.5.2 ENERGY CONSUMPTION ON AIR SIDE

To create the required air flow over a coil a certain differential pressure across the coil shall be main-
tained by the fan in the air handling unit. The energy consumption involved is included in the calculated
consumption of electric energy of the fan.

5.5.3 CONSUMPTION OF THERMAL COOLING ENERGY

The thermal energy consumption of a cooling coil is not only affected by entering and leaving air tem-
peratures but also by the moisture content of in- and outlet air, in those cases where the water inlet
temperature (or evaporation temperature) is below the dew point temperature of the entering

air (dehumidification).

To calculate the sensible thermal cooling energy consumption 3 basic extract and supply air tempera-
ture scenarios are presented for 3 different types of installation. The indicated supply temperatures
could serve as typical values for the particular installation but are not mandatory. Extract air tempera-
tures, however, should be in accordance with the indicated values.

For the computation of the latent cooling energy consumption the corresponding basic moisture scenar-
ios are provided. For comfort installations, which are controlled on temperature, the moisture content of
the supply air during the cooling period is physically related to the supply temperature and the maxi-
mum moisture content of the outdoor air for the location of interest!

This relationship will be explained later.
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« [nstallation type |

- Central ventilation system
- Additional local heating and/or cooling in case of heating and/or cooling load
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Figure 5.4 —Temperature and moisture scenario, installation type |

« |nstallation type Il

- Central ventilation and cooling system

- Additional local heating in case of heating load
- Additional local cooling in case of high cooling load
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Figure 5.5 —Temperature and moisture scenario, installation type Il
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* Installation type Il

- Central air conditioning system for ventilation, heating and cooling
- Additional local heating in case of high heating load
- Additional local cooling in case of high cooling load
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Figure 5.6 —Temperature and moisture scenario, installation type Ill

These installation types have been explained in chapter 5.4.3.

The humidity scenarios are valid for both humidification and dehumidification.

Installation types Il & Il have identical humidity scenarios if the temperature scenarios for summer
operation are the same.

The difference in absolute humidity between extract and supply air has been fixed on 1 g/kg of dry air,
caused by internal moisture gains.

As previously stated; the moisture scenario for latent cooling is related to the selected temperature sce-
nario for summer operation. The following considerations explain how the appropriate moisture sce-
nario for the cooling period shall be defined in accordance with the selected temperature scenario for
the cooling period.

34

Since high outdoor moisture content generally corresponds to high outdoor temperatures; an
inversely proportional relationship between moisture content of outdoor air and supply air has
been assumed from the point where dehumidification starts.

» The first important point to take into consideration is at what outdoor temperature dehumidifica-
tion is likely to commence.

It is obvious that the selected supply air temperature at 20;C outdoor temperature is determina-
tive for this value!

If one selects e.g. (t;;-1) maxc =18iC; the maximum moisture content is 13 g/kg. The scenario dic-
tates that outdoor air of 20;C with any moisture content, has to be cooled down to 18;C in the
cooling coil. Although there is no physical need for dehumidifying the outdoor air as long as the
moisture content is below 13 g/kg; some dehumidification will already occur at lower moisture
content in the outdoor air, because a part of the external coil surface will have a temperature
below the dew point of the entering air! Therefore it is realistic to assume that for this case dehu-
midification is likely to commence at an outdoor moisture content of 11 g/kg.

Similar reasoning for lower supply temperatures at 20 jC outdoor temperature lead to lower val-
ues for the outdoor moisture content where dehumidification starts.

It is obvious that for this particular point the moisture content of the outdoor air is equal to the
moisture content of the supply air since the dehumidifying process just starts.

» The second important point in the moisture scenario for the cooling period is the moisture con-
tent of the supply air at maximum outdoor moisture content for the location of interest.
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The moisture content of the supply air at maximum outdoor humidity is considered to be more or
less equal to the moisture content of saturated supply air at rated minimum temperature.

An extra table in chapter 8 or Annex A recommends values for the moisture content of the supply
air at 20;C outdoor temperature and maximum outdoor temperature, depending on the corre-
sponding values of the desired supply air temperature.

Stipulated figures are in accordance with practical values, established for commonly operating
cooling coils.

The conditions of the supply air (temperature and moisture content) at 20;C outdoor temperature,
plotted in the Mollier diagram, are in between 80% and 90% relative humidity (the lower the sup-
ply temperature, the higher the relative humidity). The plotted values represent the assumed max-
imum relative humidity of the supply air at initial condensation!

The same exercise for the supply condition at maximum outdoor temperature shows air condi-
tions around 95% relative humidity. These conditions represent the maximum relative humidity of
the supply air at minimum temperature!

For additional information on temperature and humidity scenarios see also chapter 8 and
Annex A of this document.
The method to determine the annual thermal cooling energy has been split up in two parts

5.5.3.1 ENERGY CONSUMPTION FOR SENSIBLE COOLING

The momentary thermal energy consumption for sensible cooling of air in a cooling coil is calculated
with the equation:

Qmom = av P (hin - hout)' ts (5.18)
where

Qmom = energy consumption for a time3 period tg in kJ

ay = air flow rate over the coil in m/s ,

P = density of the considered air flow rate in kg/m

hi = enthalpy of the air at the inlet of the coil in kd/kg

Pout = enthalpy of the air at the outlet of the coil in kd/kg

tg = period of time with steady in- and outlet conditions in s

Since the moisture content of the air in the case of sensible cooling does not change, (h;, —h,,;) may
be substituted by Cp X (tin —tout):

Qmom =q, p- Cp ’ (tin _tout ) ts (519)
where

Qmom = energy consumption for a time period tg in kJ

o = air flow rate over the coil in m3/s

P = density of the considered air flow rate in kg/m3

Cp = specific heat of the air in kd/kg*jC

t, = temperature of the air entering the coil in °C

tout = temperature of the air leaving the coil in °C

ts = period of time with steady in- and outlet conditions in s

Strictly considered the sensible heat decrease of the water vapour is disregarded in the last formula;
which is allowed for normal applications in comfort installations where the moisture content of the air
is relatively small.

The annual thermal energy consumption of a cooling coil for sensible cooling shall be established
taking into account the following factors:

- geographic location of the air handling unit with matching outdoor conditions

- the effectiveness of any energy recovering device mainly characterised by its dry temperature efficiency
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- the selected appropriate temperature scenario
- the operating time of the unit
A correct valuation of the aforementioned factors enables an accurate calculation of the momentarily ther-
mal energy consumption for the duration of any outdoor condition during the operating time of the unit.
The annual energy consumption of the cooling coil then is the sum of the momentary energy
consumptions for sensible cooling according to:

i= Qo

QC,S,an = . gr@mom, i /3600) (5.20)

m, 1

where
Qcsan = annual thermal energy consumption of the cooling coil for sensible cool
ing in kWh/a
Quom i = energy consumption during time ts i in kd/a
ts i = period of time with fixed in- and outlet conditions during annual operation
time of unitin s
3600 = conversion factor in kJ/kWh

For further information on this topic see also chapter 8.

5.5.3.2 ENERGY CONSUMPTION FOR LATENT COOLING (DEHUMIDIFICATION)

The momentary energy consumption for latent cooling (dehumidification of air in a cooling coil) is
established with the formula:

Qmom = qv-p- (Xin = Xout )2500 “ts (521)
where

Qmom = energy consumption for a time period tg in kJ

a, = air flow rate over the coil in m®/s

p = density of the considered air flow rate in kg/m®

Xin = moisture content of the air at the inlet of the coil in kg/kg

Xout = moisture content of the air at the outlet of the coil in kg/kg

2500 = condensation (evaporation) heat of water vapour at moderate coil outlet

temperatures in kd/kg
t; = period of time with steady in- and outlet conditions in s

The annual thermal energy consumption of a cooling coil for latent cooling shall be established taking
into account the following factors:

- geographic location of the air handling unit with matching outdoor conditions

- the effectiveness of any energy recovering device characterised by its moisture recovery efficiency

- the selected appropriate humidity scenario

- the operating time of the unit

A correct valuation of the aforementioned factors enables an accurate calculation of the momentarily ther-
mal energy consumption for the duration of any outdoor condition during the operating time of the unit.
The annual energy consumption of the cooling coil then is the sum of the momentary energy consump-
tions for latent cooling according to:

i=Qmo ;N
QC,L,an = Qmom, i /3600) (5-22)

I=Wmom, 1
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where
Q¢ an = annual thermal energy consumption of the cooling coil for latent cooling

in kWh/a

Qnom,i = energy consumption during time t ; in kJ/a

ts i = period of time with fixed in- and outlet conditions during annual operation time
of unitin s

3600 = conversion factor in kJ/kWh

For further information on this topic see also chapter 8.
5.5.3.3 TOTAL ENERGY CONSUMPTION FOR SENSIBLE AND LATENT COOLING

From the previous information it will be evident that the total annual thermal energy consumption of a
cooling coil is the sum of the energy consumption for sensible and latent cooling!
Hence:

QC,tot,an = QC,S,an + C)C,L,an (5.23)
where
Qcitan = total annual thermal energy consumption of the cooling coil in kWh/a
Qcsan = annual thermal energy consumption of the cooling coil for sensible cooling in
kWh/a
QcLan = annual thermal energy consumption of the cooling coil for latent cooling in kWh/a
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6 ENERGY RECOVERY

6.1 GENERAL

The application of energy recovery devices in air handling systems is a widely used method to
decrease the thermal energy consumption of air handling units. A reduction of energy consumption is
attained by transferring thermal energy (latent and/or sensible) from one air stream to another.

This Recommendation describes the following most frequently applied energy recovery systems:

¥ Run around coils

¥ Plate heat exchangers

¥ Rotary heat exchangers

For other energy recovery systems (e.g. heat pipes); the calculation rules for one of the described sys-
tems may be applied if both systems are technically comparable.

The presented data, as specified in this chapter, shall only be applied if the actual installation is in com-
pliance with the stipulations. In these cases the described methods enable a proper assessment of the
net energy savings that will be accomplished with the computed energy recovery system.

6.2 RUN AROUND COILS
6.2.1 GENERAL

Run around coils are used to recover heat from the extracted air (winter operation) or to transfer sensi-
ble energy from the outdoor air to the exhaust air (summer operation).

A run around coil system basically consists of a coil in the extract air and a coil in the supply air; with a
pipe system in between to transfer the recovered energy from one air stream to another.

The sketch below shows a run around coil system with circulating pump and three way-control valve in
winter operation.

EXTRACT  —p» —_— —p EXHAUST This hydraulic design facilitates defrosting of the
coil in the extract air, by closing the control valve
and increasing the water inlet temperature to this

() (cooling) caoil.

The efficiency decrease during defrosting periods,
due to the reduced flow over the heating coil, shall
be taken into account in the seasonal heat
- recovery efficiency factor of the system. Actual val-

ues for seasonal efficiency will be stipulated

in the next clause.

——————m— -

SUPPLY  — i «4— OUTDOOR

Figure 6.1 — Run around coils system

6.2.2 HEAT RECOVERY EFFICIENCY

The heat recovery efficiency is defined as:

ty, —t
» Winter operation (cold side): My = % (6.1)
11~ 21
where
N2 = heat recovery efficiency factor (temperature ratio) for air stream being heated
too = supply air temperature (outlet colder air stream) in jC
4 = outdoor air temperature (inlet colder air stream) in |C

thq extract air temperature (inlet warmer air stream) in jC
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» Summer operation (warm side): 1, = b=t (6.2)

t-|-1 _t‘u

where
M = heat recovery efficiency factor (temperature ratio) for air stream being cooled
T” = outdoor air I.E!llp{-.‘rdll.IrE tIﬂIEl warmer air srr.am) in*C
t» = supply air temperature (outlet warmer air stream) in °C
Ly = exiract air temperature (inlet colder air stream) in °C

Al lower outdoor temperatures combined with a relatively high moisture content in the extracted air con-
densalion may occur on the surface of the cooling coil giving a corresponding rise of the recovery effi-
ciency. Under extreme conditions the return water temperature will drop below zero and a potential risk
of the condensate freezing occurs.

The graph below demonstrates the basic relationship between the efficiency for winter operation and
the lower temperature of the heat transfer fluid (water or freeze preventive solution) at decreasing fluid
temperature.

-
deerensing
Muad retum start of coOmmencemeant coulant
temperatirs frecze of temperature

ut design contral eondensation
Figure 6.2 — Temperature efficiency versus outdoor temperature

A freeze protection will have to control the valve in such a way that the cooling coil does not freeze up.
This device will limit the increase of total heat recovery efficiency to its maximum practical value. In
case of a continuous modulating freeze control on the basis of a fixed minimum fluid return set point
temperature; the maximum efficiency is achieved when the freeze control is initiated. At lower fluid
return temperatures the efficiency diminishes!

For an on/off defrosting device (e.g. activated when a maximum coil pressure drop is exceeded), the

e
efficiency during the defrosting cycle will decrease substantially, depending on the flow ihrc-..;u,. the

heating coil. At normal operation however the total efficiency will vary with the entering air conditions of
the run around coils and may reach its maximum value.

Technical data for run around coils usually specify the temperatures and efficiencies at design outdoor-
and extract temperatures for winter and summer operation. As the graph shows the efficiency at winter
design condition is the maximum theoretical value when no freeze control Is required. This maximum
value is defined as the total efficiency of the system n,, and includes the efficiency increase (An) due to
condensation on the cooling coil in the extract air.

When the freeze protection is activated the efficiency diminishes.

During dry operation (no dehumidification of extract air), the effectiveness is lower and defined as the
dry heat recovery efficiency n,. The dry efficiency hardly changes with varying water temperatures but
be aware of change when there are extremely low outdoor temperatures.
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Between commencement of condensation and initiation of freeze control the efficiency shifts between n;,
and n,. Or between (n, and n,); depending on the type of freeze control.

The seasonal efficiency used for energy calculation purposes has to represent the mean value that will
be achieved during the season whilst the unit is running; taking into account:

- frequency distribution of outdoor temperature

- humidity of the extracted air

- minimum outdoor temperature.

For summer operation the seasonal effectiveness will not vary with the air inlet conditions, since the
cooling coil is likely to operate under dry conditions. The seasonal efficiency will be equal to the design
temperature ratio.

During winter operation however, the efficiency may vary; depending on outdoor temperature, extract
air conditions and the influence of a freeze protection control if applicable.

Table 6.1 Seasonal effectiveness of run around coil systems

Kind of operation and installation type Seasonal efficiency Ny

Winter operation
+ Without humidification Nt

¢ With humidification

* No freeze control required g M I:]]totg ;g
* Freeze protection required Nt " tot
t

Summer operation

The upcoming table specifies seasonal heat recovery efficiencies to be used for coil energy recovery
calculations in common installations.

The outdoor temperature below which a potential need for freeze control is required can be derived
from the dry efficiency and the rated fluid flows, by substituting the formula below.

to - Qy(air) * Cp(air) * Pairy "Mt — (Cp(liquid) ) qm(liquid)). t (6.3)
21F = " -
Qyv(air * Cp(air) * Pairy "Mt + (Cp(liquid) ) qm(liquid))

where
e = outdoor air temperature at which freeze control starts in jC
tiq = extract air temperature in jC
Quaiy = air flow rate in m3/s
Coan = specific heat of the air in kdJ/kg-K
P@in = air density in kg/ms3
M = sensible heat recovery effectiveness in % / 100

Coiquiay = Specific heat of heat transfer fluid in kJ/kg-K
Omgiquiey = rated mass flow rate of heat transfer fluid in kg/s

Note that the numerator is always negative and the denominator is always positive; hence higher
extract temperatures lead to lower outdoor temperatures with the potential risk of the condensate freezing!

The equation is only valid if the following conditions are met:

- two coil system with identical coils

- cross — counterflow heat exchange in coils

- initiation of freeze control at 0;C fluid temperature

- equal air mass flow rate through heating and cooling coil

Further more it has been assumed that there is no condensation until the freeze control starts!

This assumption keeps the calculation on the safe side because condensation above the calculated -
freeze protection start temperature, results in higher fluid temperatures.
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6.2.3 ENERGY RECOVERY

For any heat recovery system not only the thermal energy savings, but also the additional energy con-

sumption shall be taken into account.

The difference between annual thermal energy savings and additional electric energy consumption has

to be sufficiently high to compensate the extra investment and installation costs of the twin coil system.

The profits of the thermal energy savings can be derived from the equations and tables in chapter 8

and the information on energy costs in chapter 5.

Basically the following procedure should be applied:

1) Calculate the total annual demand for heating without heat recovery by substituting 1, = 0 in the
relevant equations of chapter 8.4.4.

2) Carry out the computation again with heat recovery, using the seasonal effectiveness 1, in
compliance with chapter 6.2.2.

3) Subtract both heating demands 1) & 2) and multiply the result with the costs of thermal heating
energy established in accordance with chapter 5.2.

4) Repeat, if applicable, the procedure for the annual demand of sensible cooling energy by applying
ncapable to carry over any moisture and the supply air in the recovery coil will not be dehumidified.

5) Determine the sum of the profits obtained from the annual thermal energy savings with the coil
energy recovery system.

6) Deduct the costs for additional energy, consumed to operate the system (see next clause).

6.2.4 ENERGY COSTS FOR RUN AROUND COILS

* Primary side
The energy consumption on the primary (fluid) side is the required energy to pump the heat
transfer fluid through the heat recovery system.
The annual energy consumption of the circulating pump depends on the hydraulic design of the
connecting pipe network and the water side pressure drops across the coils.
Other parameters affecting the energy consumption are:
- efficiency of the pump unit (size related)
- type of coil control (variable water flow / variable water temperature)
- speed control on circulating pump
- optimised switch off control in case of inefficient energy recovery
Basically the annually consumed electric energy of the pump is calculated with the equation:

VVcirc = (Pcirc /1 000) 1:eq;op (64)
where

W,. = consumed annual electric energy for circulation in kWh/a

P... = absorbed electric power of run around coil related pump(s) in W

teqop = €quivalent running time of pump(s) at full load in h/a

If the loop system is delivered by the AHU manufacturer, the rated absorbed electric power of the pump
(P4re) should be specified in the technical data of the heat recovery system. Where no actual data on
power consumption is available the following equations and table should be used to determine the
absorbed power consumption of the circulating pump(s).

» Absorbed power for fluid circulation:  Peirc = Qy-fuia - (3 “APgoiy + APjgep )/le (6.5)
where

P... = absorbed electric power of run around coil related pump(s) in W

Quvauig = rated fluid flow through the system in I/s

Aoy = fluid side pressure drop across the recovery coil in kPa
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Apoop = pressure drop in the loop system, excluding control valve in kPa
Mp total efficiency of the pump(s) and electric motor(s) in %/100

For this equation a two coil system has been assumed with identical coils. For multiple coil systems

with parallel coils in the extracted air, 3:Ap.; shall be substituted by the highest fluid side pressure drop
of any coil in the extract air plus twice the fluid side pressure drop of the coil in the supply air.

> Hence: 3:APcoit=APmax,ea+2-APcoit,sa (6.6)

The liquid flow through the system (=flow through coil in supply air) and pressure drop(s) shall be taken
from the air handling unit specification.

Guidelines for the pressure drop in the coil connecting pipe system and pump efficiency are provided in
table 6.2

Table 6.2 i
Matwark pressure drop & efficiency guidelines o purmps in ol snary racovary [oops |
PRESSURE DROP IN PIPE LOQP SYSTEM EFFICIENCY OF PLUMP UNIT
Distance between ool in =supply sirand | Apu. -
most remete coil in extract air I el % [vlﬁgﬁj Ve [Ea:]
[rm] [kPa]
d.= 10 4 100 < Porc xn.= 160 41
'J*’d‘=1ﬁ & 180= Poirc x n, = 250 43
1G<d=25 10 260 = Pore 1 n, = 400 45
25<ds40 g 1 400 = Peire ¥ 1, = 630 48
40 =d =453 i) B30 = Peire « g 5 1000 1
Bl<ds 100 40 1000 = Pairs x . = 1630 53 |
3 100 <d =126 50 1600 <Poircx n, 22500 | 54
{25 <d =180 B4 2500 < Pzirc x n, < 4000 i
160 =d =200 BO 4000 < Pirc x n, < 5300 =z
200 < d = 260 | 100 - 6300 < Peirc x 1, = 10000 Fl
eoll=d =315 126 0000 = Peire x g s 18000 G4
315 < ¢ <400 160 16000 = Pairc % 1, = 25000 67
400 < ¢ = 500 200 | 25000 = Porc np = 40000 a8

The equivalent full load running time of the pump is related to the operating time of the air handling
unit.

Depending on single (winter or summer) or dual (winter plus summer) application and assuming an
effective control regime; the equivalent full load running time is considered to be:

_ teqop = 0,4 - t,, —for single operation application (6.7)
_ teqop = 0,8 - t,, —for dual application (6.8)
where
teqop = e€quivalent running time of pump(s) at full load in h/a
top = operating time of the air handling unit in h/a
¥Air side

The differential pressure to overcome the resistance of the coils is generated by the fans in the
corresponding air handling units. As such, the energy consumption involved is included in the
calculated electric energy consumption of the fans.
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If a separate additional air side energy consumption for the run around coil system has to be

established; it shall be derived from the annual electric energy consumption of the fans in the
units that comprise an energy recovery coil.

The calculation procedure for fans has been described in chapter 4.

The supplementary annual air side energy consumption of the run around coil system is calcu
lated with the equation:

fan i A ) A .
Weer = 2 Poot Wean 1 + veveeee. + Peoii . Wian i (6.9)
an 1 Ap fan1 Apfan i
where
Weer = supplemantary annual air side energy consumption of coil energy recovery

system in kWh/a

Apsii1 = air side pressure drop of considered coil (where applicable mean

Aprny = total fan curve pressure of matching fan in Pa

Wi« = annual energy consumption of the considered fan in kWh/a (calculated in
compliance with chapter 4).

b = sum of individual supplementary air side energy consumptions of energy

recovery related coils (usually only 2 coils).

6.3 PLATE HEAT EXCHANGER

6.3.1 GENERAL

For heat recovery in air handling systems plate heat exchangers, can be used. In a plate heat exchang-
er, sensible heat is transferred through corrugated plates from a warm airflow to a cold airflow. During
wintertime the heat flow is from the extract air to the fresh air. In summer time it can be the other way
round. The heat transfer is realised by conduction through these corrugated plates. In this chapter the
heat exchangers are cross flow heat exchangers.

6.3.2 DESIGN

Aluminium is most common material for the corrugated plates although other materials such as plastic
are sometimes used. The plates are stacked in parallel and maintained secured by a frame on each cor-
ner (see figure 6.3).

Figure 6.3 — Airflows through plate heat exchanger (winter operation)
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6.3.3 HEAT RECOVERY

The most important relation for calculating the energy performance of a plate heat exchanger is the
temperature efficiency ratio of the exchanger. This ratio depends on several parameters like: air veloci-
ty, mass balance, type of corrugations, plate thickness, condensation, etc.

The heat recovery efficiency is defined as:

t,, -t
> Winter operation (cold side): iz = -2—2- (6.10)
11~ L21
where
Nio = heat recovery efficiency factor (temperature ratio) for air stream being heated
too = supply air temperature (outlet colder air stream) in |C
4 = outdoor air temperature (inlet colder air stream) in |C
tiq = extract air temperature (inlet warmer air stream) in jC
» Summer operation (warm side): ), = :11 _:12 (6.11)
11~ L2
where
N1 = heat recovery efficiency factor (temperature ratio) for air stream being cooled
thq = outdoor air temperature (inlet warmer air stream) in jC
tho = supply air temperature (outlet warmer air stream) in jC
1Y) = extract air temperature (inlet colder air stream) in |C

At lower outdoor temperatures in combination with relatively high moisture content in the extracted air
condensation may occur on the surface of the plates of the heat exchanger.

It is important for some cases to install a freeze protection system. The necessity for such a system
depends on the lowest expected fresh air temperature in relation to the air conditions of the extract air,
the type of corrugations and the mass balance. If condensation occurs a simultaneous rise of the heat
recovery efficiency will result due to the condensation heat released from the water vapour in the
extract air. At very cold conditions the plate temperature can drop below zero and a potential risk of
freezing of condensate exists! Icing in the channels affects the performance of the heat exchanger,
through increased pressure drop and reduced heat transfer rates, and can lead to damage of the
plates.

Figure 6.4 gives the highest temperatures when freezing starts. For systems where the temperature
gets below these values it is recommended to install a proper freeze protection system.
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Figure 6.4 — Highest outdoor temperature with risk of freezing versus temperalure efficiency

Figure 6.4 is valid for a conventional aluminium plate heat exchanger with equal mass balance between
extract and supply air and extract air conditions: 22°C and 25% RH. This is the warst case for a plate
heat exchanger. At a higher or lower relative humidity or at higher temperatures of the extract air, the
highest temperature when freezing starts is lower. It is also assumed that the plate heat exchanger is
positioned in a vertically so that condensate will flow out in a drain pan below it.

This curve may not be used to control defrosting systems in general. This has to be checked with the
actual supplier of the plate heat exchanger first.

The three most common solutions to prevent damage by freezing are: 1/ to provide a bypass damper in
the supply air, 2/ sectional defrosting and 3/ to preheat the fresh air. The preferred solution depends on
the outdoor climale where the system is installed. Looking only at the energy consumption, preheating

the air to the highest outdoor temperature, according figure 6.4, is the best way (see figure 6.5 and
6 A1
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Figure 6.5 — Duration diagram for Sweden for a freaze protection system with pre-heater

The function cf the bypass on the cold air flow is to change the mass balance between extract air and
supply air in a way that the surplus energy in the extract air is used for defrosting the plates.

The same physical process is used for sectionalised defrosting. This system uses a moving plate or a2
series of small dampers to cover and close off approximately 10 to 25 % of the heat exchanger surface
area cn the cold air entering side. As the plate moves or each damper clases, the covered area
changes. The covered area will get a momentary redigf from the cold air. The extract air passages next
to the covered cold air passages can defrost themselves.

For these systems the consequeance is that the overall temperature efficiency ratio goes down. This
shall be taken into account in the seasonal heat recovery efficiency factor of the system.
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Figure 6.6 - Duration diagram for Sweden for a freeze protection system with bypass damper

Comparing figures 6.5 and 6.6 it's clear that a freeze protection system with pre-heater requires less
energy.

Technical data for plate heat exchangers usually specify the temperatures and efficiencies at design
outdoor- and extract temperatures during winter operation. As the next graph shows the efficiency at
winter design condition is the maximum theoretical value if no freeze control is required.

This maximum value is defined as the total efficiency of the system n,,,. During dry operation (no dehu-
midification of exhaust air), the effectiveness is lower and defined as the dry heat recovery efficiency 1,
When the freeze protection is activated the efficiency achieves its maximum practical valug yms:

Between commencement of condensation and initiation of freeze protection control the efficiency
between the two extremes {1, and ).
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Figure 6.7 — Simplified relationship between the efficiency and the lower temperature of the plates.

The seasonal efficiency used for energy calculation purposes has to represent the mean value that will
be achieved during the whole season when the unit is running; taking into account:

¥ frequency distribution of outdoor temperature

¥ humidity of the extracted air

¥ minimum outdoor temperature.

For summer operation the seasonal effectiveness will be equal to the dry efficiency since the plate heat
exchanger operates under dry conditions.

During winter operation the efficiency may vary; depending on outdoor temperature.

Table 6.3 specifies seasonal heat recovery efficiencies to be used for energy recovery calculations in
common installations. (this is equalin the seasonal efficiency of run around coils in table 6.1 the differ-
ence will be the absolute values of the efficiencies).

Table 6.3 Seasonal effectiveness of systems with plate heat exchangers

Kind of operation and installation type Seasonal efficiency MNis
Winter operation
+ Without humidification My
+ With humidification

* No freeze control required g " Inm‘g ; g

‘» Freeze protection required (pre-heater) 3 _Ht +nt°‘) /4

' Freeze protection required (sectionalised) 4 ! +nt°t /5

‘e Freeze protection required (bypass) (4" M+ Mot
Summer operation "t

As it shows in table 6.3 the extra losses because of the freeze protection with a pre-heater are negligi-
ble in relation to the total amount of recovered energy. This is especially true for lower efficiencies.

6.3.4 ENERGY RECOVERY

For any heat recovery system not only the thermal energy savings, but also the additional energy con-
sumption shall be taken into account. The difference between thermal energy savings and additional
electric energy consumption on an annual basis, has to be sufficiently high to compensate the extra
investment of the plate heat exchanger. The profits of the thermal energy savings can be derived from
the equations and tables in chapter 8 and the information on energy costs in chapter 5. To calculate the
net annual saved energy see chapter 6.2.3
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6.4 ROTARY HEAT EXCHANGER

6.4.1 GENERAL

In the rotary heat exchanger, sensible and latent heat is transferred by means of a matrix structure with
micro channels. This structure rotates, between the supply air and exhaust air ducts. Heat exchangers
are regenerative and operate according to a counter-flow airstreams, which gives them very high recov-
ery ratio. The matrix must contain a large heat and mass transfer surface and at the same time should
provide a low pressure drop as air passes through it. The most common material used in rotors is alu-
minium.

Performance, leakage and carry-over tests are made according to EN 308 category lIlla and llib.
Design

The rotor rotates inside a casing equipped with sealing strips that separate the supply air and exhaust
air passages. A drive motor with drive belt is required for operating the section. Changing its speed of
rotation can control the recovery ratio of the rotor.

Purging

@O )
< <—

Supply air Outdoor air
5 <—
< <—
g - el

TE
O E===009
i N N

Extract air Exhaust air

Casing

 Supply air
Purging
.sector

Extracting

I

" Rotor

Motor

P22 - P11 > 20 Pa

Figure 6.8 —Airflows through rotary heat Figure 6.9 — Parts in a rotary heat exchanger
exchanger (winter operation)

To prevent the polluted extract air from being carried over to the supply air side, most rotary heat recov-
ery sections are equipped with a purging sector. The sector opens up an air passage between outdoor
air and extract air and by means of a pressure differential, the rotor passages can be emptied of extract
air before they pass into the supply air duct. The angle of the sector is adjusted according to the rotor
speed and the pressure differential between outdoor air and extract air.

Regarding ability to recover moisture three different types of rotors can be defined, see chapter 7.5 for
details.
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6.4.2 HEAT RECOVERY EFFICIENCY
Ratios

The ratios are defined as:

» Winter operation (cold side):

Temperature ratio:

ty, —t
e = 222 (6.12)
11~ 121
where
N = heat recovery efficiency factor (temperature ratio) for air stream being heated
too = supply air temperature (outlet colder air stream) in jC

to4 outdoor air temperature (inlet colder air stream) in jC

t‘I1

extract air temperature (inlet warmer air stream) in jC

Humidity ratio:

X22 = Xa1 (6.13)
N2 =7 -
X114 = Xpq
where
N2 = moisture recovery efficiency factor (humidity ratio) for air stream being humidified
Xo2 = supply air moisture content (outlet colder air stream) in kg/kg
Xo1 = outdoor air moisture content (inlet colder air stream) in kg/kg
X1 = extract air moisture content (inlet warmer air stream) in kg/kg

» Summer operation (warm side):

Temperature ratio:

ti1 -t (6.14)
A
where e
Ni1 = heat recovery efficiency factor (temperature ratio) for air stream being cooled
ti = outdoor air temperature (inlet warmer air stream) in jC
o = supply air temperature (outlet warmer air stream) in |C
to4 = extract air temperature (inlet colder air stream) in jC
Humidity ratio:
X119 = Xq2
Ny =T (6.15)
1 Xqq = X1
where
Myt = moisture recovery efficiency factor (humidity ratio) for air stream being
dehumidified
X141 = outdoor air moisture content (inlet warmer air stream) in kg/kg
X4 = supply air moisture content (outlet warmer air stream) in kg/kg
Xo1 = extract air moisture content (inlet colder air stream) in kg/kg

The rotary heat recovery section has an extremely high temperature ratio. In a sorption design, it can
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also transfer moisture (latent heat) at approximately the same ratio, which in certain applications is of
great value. Condensation rotors (non hygroscopic) and enthalpy rotors (hygroscopic) are, to a certain
extent, also capable of moisture transfer; depending on the inlet and outlet conditions.

With increasing supply air flow at a constant exhaust air flow the heat recovery ratios decrease. The
reduction is between 4 to 5 percent units per 10 percent supply air increase.

Anti-frosting protection

A combination of high moisture content in the extracted air and low outdoor temperature can give rise
to an excess amount of water in the rotor. If the mean temperature of the rotor during one revolution is
below zero, the water may freeze and form ice in the rotor. After a while, this will cause unacceptable
high pressure drop across the rotor and a poor energy recovery.

Excess water

It is hard to specify general and precise limits for conditions that do not give rise to excess water form-
ing inside the rotor. The following approximate limits can be used:

Hygroscopic rotor

If the heat exchanger is fitted with a fully hygroscopic rotor, excess water will form as soon as the inter-
connecting line between the inlet conditions for the extract air and outdoor air intersects the saturation
line in the Mollier diagram.

We can define this by indicating maximum moisture content in the exhaust air as a function of the
extract air and outdoor air temperature.

Xeamax = f1 (toa tea) (6.16)
If Xea < Xeamax €XCESS Water and frosting can be avoided
Non-hygroscopic rotor
A non-hygroscopic rotor transfers moisture only by means of condensation/evaporation and reaches a

state of excess water on its surfaces at a lower moisture content in the extract air than a hygroscopic
rotor.

Xea,max = f2 (toa, 1:ea) (617)

If X, < X excess water and frosting can be avoided.
Sorption rotor
A sorption rotor is hardly sensitive to excess water since the rotor transfers moisture in vapour phase.

Only extreme conditions may lead to excess water.

Consequences for L CC calculation

There is no basic data for calculating how much heat recovery is annually lost due to defrosting. It is
probably insignificant in comparison with the amount heat recovered. On the other hand, however, it is
highly significant for the heat power that has to be installed, since a heating coil should make up for the
power that is temporarily lost in the heat recovery section.

In a normal comfort ventilation situation there is no need for defrosting, however, if the exhaust air rela-
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tive humidity is above 40 % and the outdoor temperature is below -15 jC the rotor may need defrost-
ing. During the defrosting period, the temperature ratio of the rotor is only 20 — 30 percent. A typical
defrosting time is 15 — 20 minutes and the time between two defrosting periods is several hours. The
defrosting impact on seasonal efficiency is neglible.

6.4.3 LEAKAGE

Supply air @ < da < @ Outdoor air
n rimin
P22 qe2 € / P21

[N

. /,
dp /x\<qR

_ P qei
Extract air @_> — @ Exhaust air
P11 0
12
_Pprda
——

da = By-pass flows
Js = Leakage flow (throw sealings etc.)
Jde1 = Transferred flow by rotation (on the opposite side of the purge sector)
dc2 = Carry-over flow(from extract to supply air side)
do = Purging flow (throw the purging sector)

Figure 6.10 — Leakage in a rotary heat exchanger

By-pass flows lower the temperature and humidity ratios. There are no other disadvantages. They are
indirectly included in the ratios indicated by the supplier.

The amount of leakage flow depends on the size of the rotor, the quality of the seals, the differential
pressure p,; —P¢, and the pressure drops across the rotor. To provide the leakage from supply air to

extract air, the pressure differential between the supply air and extact air ducts, p,, —p4; should for all

operating conditions be at least 20 Pa. It may be necessary to utilize a balancing damper in the extract
air duct in order to accomplish this.

The approximate leakage flow can be calculated as follows:

s =D (kg +kp (P21 —P1q) 1073 (6.18)
where

ds = leakage flow in m3/s

D = rotor diameter in m

k, and k, = constants depending on the quality of the seals and adjustment of the rotor
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Ki
k

0.02 - 0.04
0.08 - 0.15

The transfered flow qg4 from the supply air to the exhaust air side can be expressed as follows:

Qc1 = » " (D2—d2)/4 -n /60 - f, - L (6.19)
where

Jc1 = transfered flow in m*/s

D = rotor diameter in m

d = hub diameter in m

n = rotor speed in r/min

f, = porosity of the rotor structure

L = length of the rotor in the direction of air flow in m

The carry-over flow q¢, from extract to supply air side will be zero if the purging sector works in an ideal
manner. If the heat recovery section lacks a purging sector then q¢, = q¢4

The angle of the purging sector should be adjusted so that qc, = 0 whenever the rotor rotates at full
speed n = npgx. The angle that gives a zero carry-over flow at full speed n,, is

nma>< L

B0 =50 30 —" (6.20)
where

0, = angle of purging sector to accomplish no carry-over flow in j

Ninax = maximum rotor speed in r/min

L = length of the rotor in the direction of air flow in m

Viront = velocity on the front area of the purging sector in m/s

f, = porosity of the rotor structure
The pressure drop coefficient k = Fzm—_p? gives iff 1 1:

Vfront

0, = Nmax . 360 - L - f (6.21)
e 80 G T

0, = angle of purging sector to accomplish no purging flow in j

Ninax = maximum rotor speed in r/min

L = length of the rotor in the direction of air flow in m

P21 = pressure at outdoor air side in Pa

P11 = pressure at extract air side in Pa

k = pressure drop coefficient

f = power factor that characterize the connection between pressure drop and

velocity
f = porosity of the rotor structure

Without purging sector or an angle of the purging sector, 6 < 6, polluted exhaust air will be carried over
to the supply air side, which must be avoided.

Consequences for LCC calculations

The exhaust air fan performance shall include the leakage flow gg
The exhaust air fan shall also include the transfered flow g4 and the purging flow gy reduced with the
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carry over flow q¢,. Here is assumed that the fans are located downstream the rotor.

The air leakage flows q¢, qc, and qp are all dependant of the speed of the rotor.
However it can be shown that the total leakage to the exhaust air side, qg + qcy —dce + dp IS

independent of the speed of the rotor and can be written:
1

P21—P1q |
Qvjeak =0dB + g [ L Y P (6.22)
180 {P21-P22
where
Qv leak = total leakage flow in m¥/s
O = leakage flow throw sealings etc. in m¥s
0 = angle of purging sector in j
P.1,P11,P22 = air pressures according to fig 6.10 in Pa
f = power factor that characterize the connection between pressure drop and

velocity. For normal rotor structures the power factor is very close to 1.
(o = supply air flow rate in m3/s

If a balancing damper is needed, its pressure drop will burden the exhaust air fan.

Rotor leakage and balancing damper pressure drop should be included in the manufactures selection
programs, see chapter 4 (Fans)

6.4.4 ENERGY RECOVERY

Heating recovery
8760 m,

Q =1.2-1.0- : —toaj)
RECH Gvsa 8760 E(ea' 0ai) 705 (6.23)

if (tea,i _toa,i) T 0 set (tea,i _toa,i) =0
if toa,i + (tea,i _toa,i) ) nt/1 00 :t tsa,i set (tea,i _toa,i) ) nt” 00 = tsa,i _toa,i

where
Qrecn = recovered heating energy in kWh/a
top = annual operation time in h/a
taysa = supply air flow rate in m¥/s
tea = temperature of extract air in °C
toa = temperature of outdoor air in °C
i = temperature ratio in %
teq = temperature of supply air in °C
Cooling recovery 8760
Qrec.csens =12°1.0° 0y a W E (toa — tea,)” 1Tg)t0 (6.24)
if (toa,i —tea,i) T O set(togi—teai) =
Q 1.2 % _ 2500 3 ( )- D x
=1.2- . . . X =X..:)"
REC,Cat Qv sa 8760 ; oa,i ea,i 100 (6.25)

If (Xoa,i _Xea,i) T 0 set (Xoa,i _Xea,i) =0
Here is the sensible heat of the steam neglected
If non-hygroscopic rotor Qgeccjat = 0
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where
QREC,C,Sens
QREC,C,Iat
top
qv,sa

toa
Xoa

tea
Xea
Nt

MNx

recovered sensible cooling energy in kWh/a

= recovered latent cooling energy in kWh/a
= annual operation time in h/a

= supply air flow rate in m¥/s

= temperature of outdoor air in °C

= moisture content of outdoor air in kg/kg

temperature of extract air in °C

= moisture content of extract air in kg/kg
= temperature ratio in %

humidity ratio in %

For more accurate calculation the day may be split up in day-time operation and night-time operation.

Calculations of heating and cooling demands at different scenarios and locations are done according to

chapter 8.

6.4.5 ENERGY COSTS

Power consumptions for rotary heat exchangers

a. Extra fan power to overcome the pressure drops in the rotor
Pel,pressure = (qv,sa ﬁépsa) /(T]sa ’CE1 000 ) + (qv,ea @pea + Apdamper )) / (nea ’CE1CKD)

where
I:)el,pressure
Qv,sa
Apsa
Nsa
Qv,ea
Apea
Apdamper
Nea

extra fan power to overcome the pressure drops in the rotor in kW

= supply air flow in m*/s

pressure drop over rotor on supply air side in Pa

= total efficiency of fan, supply air side
= exhaust air flow in m?¥/s

pressure drop over rotor on exhaust air side in Pa

= pressure drop over balancing damper on extract air side in Pa

total efficiency of fan, exhaust air side

b. Fan power to exhaust fan due to rotor leakage
= (qv,leak / QV,ea )LEDeI

I:)el,leak
where

IDel,leak

qv,leak

qv,ea
PeI

= fan power to exhaust fan due to rotor leakage in kW

leakage flow in rotor from supply air side to exhaust air side in m*/s
exhaust air flow in m%/s
fan power to exhaust fan without rotor leakage in kW

c. Rotor motor drive

IDel,drive
where

IDel,drive

k
D

kAD?/1000

= power to rotor motor drive in kW

constant, 25 — 35 depending on type of seal
rotor diameter in m
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Normally the electrical energy to the drive motor during a year is less than 0.5 % of recovered heat-
ing energy.

The annual energy consumptions can be calculated as:

W = (Pel,pressure + F>eI,Ieak ﬁop,AHU + IDel,drive /Eop,rotor (629)
where
w annual additional energy consumption in kWh

Pel pressure extra fan power to overcome the pressure drops in the rotor in kW
Pelleak = fan power to exhaust fan due to rotor leakage in kW

Pel drive = power to rotor motor drive in kW

top.AHU = annual operation time for the AHU in h

top,rotor = annual running time for the rotor in h

7 HUMIDIFICATION

71 GENERAL

The function of a humidifier in an air handling unit is to increase the moisture content of the supplied
fresh air. A moisture rise is required if the prevailing moisture content in the outdoor air is insufficient to
achieve the desired relative humidity in the building.

Detailed calculations (not in the scope of these recommendations) should establish the relationship
between desired relative humidity in the building and required absolute moisture content of the supply
air; depending on outdoor condition, building occupancy and building characteristics.

In this chapter a uniform calculation procedure, based on a pre—selected moisture scenario, will be pre-
sented.

7.2 HUMIDIFIER TYPES

Humidifiers can be classified accordingly the humidification process (steam or water) and/or depending
on the principle of operation.
Particularly for water humidification a great variety of humidifier types has been developed since the
need for comfort humidification has been acknowledged.
This Recommendation only deals with (modern) types of humidifiers, frequently applied nowadays in air
handling units.
> Steam humidifiers: m life steam humidifier with (steam jacketed) dispersion pipes
m electric steam generator with steam distribution pipe(s)
m gas fired steam generator with steam distribution pipes
> Water humidifiers: = air washers
m atomising humidifiers: - water/compressed air nozzles
- ultrasonic
- high pressure nozzles

7.3 ENERGY CONSUMPTION
For humidification purposes three kinds of energy are consumed:

@ energy consumption on primary side (if appropriate)
@) energy consumption on air side
® thermal energy consumption
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7.3.1 ENERGY CONSUMPTION ON PRIMARY SIDE

Energy consumption on the primary side of a humidifier is considered to be the energy required to
operate the humidifier; excluding the energy to evaporate the water (thermal energy).

Usually electrical energy is consumed to run the humidifier (pumps, compressor, etc.).

As a basis for computation the absorbed power consumption at rated performance shall be taken from
supplier s specification.

Where no actual data on power consumption is available, the specified values in this chapter shall be
used. In all cases a proportional ratio between primary energy consumption and humidifier performance
shall be assumed!

* Life steam humidifier
The primary energy consumption is basically the required energy to transport the steam from the
steam boiler to the air handling unit, including heat losses of the pipe network.
The steam pressure in the boiler induces the steam and condensate flow. All the energy consumption
involved, however, is included in the seasonal effectiveness of the energy source (boiler).

* Electric steam generator
Although the steam is electrically generated primary side energy losses of electric steam generators
incorporate only losses caused by heat generation in the power supply cables (identical to electric
heating coils).

Table 7.1 Primary energy losses in power supply cables to electric steam generators in %
of generator capacity
GENERATOR DISTANCE BETWEEN POWER PANEL AND ELECTRIC STEAM
CAPACITY GENERATOR
kW 10m 16m 25m 40m 63m 100m
10 0,7 1,2 1,8 2,9 4,6 5,0
12,5 0,7 1,2 1,8 2,8 4.4 5,0
16 0,7 1,1 1,8 2,8 4,4 5,0
20 0,6 0,9 1,4 2,2 3,5 5,0
25 0,5 0,7 1,1 1,8 2,9 4,6
31,5 0,4 0,6 0,9 1,4 2,2 3,5
40 0,3 0,5 0,7 1,1 1,7 2,7
50 0,3 0,4 0,7 1,1 1,7 2,7
63 0,3 0,4 0,7 1,1 1,7 2,7
80 0,2 0,3 0,4 0,7 1,1 1,8
100 0,2 0,3 0,4 0,6 1,0 1,6

These energy losses are proportional to the length of the power supply cables and the capacity of the
generator. For extensive systems with many electric steam generators, values from the following table
may be used.

The consumed annual primary energy for an electric steam generator is calculated with the
formula:

Wel,hum = (PELﬂOO)'Qhum (7.1)
where
Wenam = annual electric energy consumption on the primary side of an electric steam
generator in kWh/a
PEL = primary energy loss according to table 9 in %
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Qhum = annual thermal energy consumption for humidification in kWh/a
(see chapter 7.3.3)
Where no particular installation data is available, a PEL—value of 1% may be presumed!

Gas fired steam generator

Gas fired steam generators have been developed as stand—alone units for local application on single
air handling units, as an alternative for electric steam generators.

As the steam output is relatively small, the generators are equipped with atmospheric burners.

Energy consumption on the primary side is essentially the energy required to transport natural gas from
the gas meter to the burner. The gas main supply pressure will maintain a continuous gas flow on
demand. Hence, no additional energy on the primary side is consumed (electric power supply to control
box is negligible)!

 Air washers
Primary side energy consumption for air washers is the energy consumption required to operate the
spray water pump. The annually consumed electric energy of the spray water pump is computed with
the equation:

Wire = (Pcirc /1 000)' teq,op (7.2)
where
Woire = consumed annual electric energy to run the spray water pump in kWh/a
circ = absorbed electric power of spray water pump in W
teq.op = equivalent annual running time of pump at rated load in h/a

The equivalent annual running time can be derived from the yearly evaporated amount of water and
the evaporated water rate per unit of time at design conditions. Assuming an optimised moisture con-
trol strategy, where the power consumption of the pump is proportional to the evaporated water quan-
tity, the equivalent running time is calculated with:

Qhum ° 3600ﬁ<
fo 2500 ~ Qhum (7.3)
eqop - =
P (Xsa_xoa)'qv'p'3600' 2500'(Xsa_xoa)'qv'p
where
teq.op = equivalent annual running time of pump at rated load in h/a
Qnum = annual thermal energy consumption for humidification in kWh/a
3600 = conversion factor in kdJ/kWh
2500 = evaporation heat of water at moderate wet bulb outlet temperature in kJ/kg
Xsa = moisture content of supply air at design condition in kg/kg
Xoa = moisture content of entering/outdoor air at design condition in kg/kg
ay = air flow rate through humidifier in m3/s

p = density of the considered air flow rate in kg/m3
3600~ conversion factor in s/h

The rated absorbed electric power of the pump (P,.) should be specified in the technical data of the air
washer.

Where no actual data in the quotation is provided, the absorbed power of the spray water pump is cal-
culated with the formula:

Peirc = Py X Pman /Ylp

(7.4)
where
Pirc = absorbed electric power of spray water pump in W
qy = gpray water flow in /s
Prman = manometric head of spray water pump in kPa
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Mp = total efficiency of pump and electric motor in %/100

Table 7.2 Efficisncy guidelines for spray water pump-units for gir washers
EFFICIENCY OF PUMP UNIT
| Oy % P [V ] g [l
] 100 = Peire % ny = 160 33
r 160 < Peir » 1, = 250 i O
250 < Peirc x 1, = 400 49
400 = Poire ¥ r), = 630 42
B30 = Paire % f, = 1000 43
1003 < Pgirc x rg < 1800 44 |
1600 < Peirc x , = 2500 E 48
2500 < Pgirc 5 1, = 4000 55
40CC < Peirc 1, = 6300 : B0
i §300 = Peirc x n, = 10000 g
. 10000 = Porc x n; 5 16000 Eifd |
i 16000 < Pers % n, = 25000 BT
i 25000 < Peirc % 1, = 40000 g4

The total efficiency for pump and electric motor is size related and can be taken from the table below.
¥Atomising humidifiers
— Water/compressed air nozzles
Atomising humidifiers with water/compressed air nozzles use compressed air to produce finely
atomised sprays which evaporate completely to raise the humidity of the passing air.
Besides the power consumption of the control panel; the majority of primary side energy is con
sumed to operate the compressor unit. The actual power consumption of the compressor unit
will depend on:
- capacity and type of compressor
- efficiency of the electric drive motor
- design of compressed air pipe system
- nozzle type
As a realistic guideline (based on 0,6 m3/h compressed air per I/h evaporated water) the pri
mary energy consumption can be valued at:

Wel =01 'Qhum
(7.5)
where
W, = yearly consumed electric energy on the primary side of the humidifier in
kWh/a
Q;.m = annual thermal energy consumption for humidification in kWh/a

— Ultrasonic humidifiers

The ultrasonic humidifier generates atomised water by means of ultrasonic vibrations of approximate-
ly 1,7 MHz. A humidity unit consists basically of a number of small vibration elements. In each ele-
ment an ultrasonic vibration of a diaphragm below water level introduces small water particles into the
air stream.

The electrical energy required to generate the ultrasonic vibrations, is considered to be the energy
consumption on the primary side.

With sufficient accuracy the primary energy consumption for this type of humidifier is appraised at:
Wel = 0075 'Qhum

(7.6)
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where

W, = yearly consumed electric energy on the primary side of the humidifier in
kWh/a
Qhum = annual thermal energy consumption for humidification in kWh/a

— High pressure nozzles

Humidifiers using high pressure nozzles to atomise the water, are equipped with a high pressure
pump unit with control panel and electric motor. The power input to the pump unit results in a yearly
energy consumption on the primary side.

Most of the high pressure nozzle humidifiers (often called cold fog humidifiers) operate with a sur-
plus of water. The ratio between the amount of atomised and evaporated water mainly depends on
the required relative humidity at the humidifier outlet. Nozzle and humidifier type are also influencing
factors.

In spite of the great variety of affecting parameters; the primary energy consumption of a cold fog
humidifier can be reliably computed with the equation:

We =002 Qhum (7.7)
where
W, = yearly consumed electric energy on the primary side of the humidifier in

kWh/a
annual thermal energy consumption for humidification in kWh/a

Qhum
7.3.2 ENERGY CONSUMPTION ON AIR SIDE

The required air flow through the humidifier is maintained by a pressure difference across the section.
The supply fan in the air handling unit sustains the required differential pressure across the component.
The energy consumption involved is included in the calculated consumption of electric energy of the fan.

7.3.3 CONSUMPTION OF THERMAL ENERGY

All humidifiers consume thermal energy to evaporate the water required to raise the moisture content of

the passing air. Steam humidifiers produce or use steam which is introduced into the air stream in the

humidifier. The air temperature will slightly increase, caused by the steam distribution pipes and the

down—cooling of the steam to air temperature.

In a water humidifier the water evaporates in the passing air stream. The required evaporation heat is

extracted from the air flow which leads to a substantial reduction of the air temperature.

Similar as for the calculation of thermal energy consumption for heating and cooling; a (moisture) sce-

nario is needed to compute the annual energy consumption for humidification. The moisture scenario
for humidification is independent of the installation

type. An example is depicted in the next graph.
S 20 Humidification is required as long as the moisture
5 content of the outdoor air is below the desired
T 15 moisture content of the supply air. During the
g 13 humidification season a constant set point condi-
.fEf 10 12 tion of the supply air has been assumed!
3 In this graph the set point for the supply air is 6
S 5 g/kg. It has been presumed that the moisture pro-
2 Extract air duction in the building results into a moisture gain
Z bl e in the extract air of 1g/kg during the entire year.
= 0 6=Xs 12 18 When the humidification stops, the moisture con-
Moisture contéht outdoor air [gr/kg] tent of the supply air and the extract air will follow
the outdoor condition until the cooling coil com-

_ _ mences to dehumidify.
Figure 7.1 — Moisture scenario
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The momentary energy consumption for humidification is calculated with the equation:

Qmom =dv P '(Xout = Xin ) 2500 ts (7.8)
where

Qrmom = energy consumption for a time period tg in kJ

Qy = air flow rate through the humidifier in m®s

P = density of the considered air flow rate in kg/m?

Xout = moisture content of the air at the humidifier outlet in kg/kg

Xin = moisture content of the air at the humidifier inlet in kg/kg

2500 evaporation heat of water at 0jC in kJ/kg

t; period of time with steady in- and outlet conditions in s

The annual thermal energy consumption of any humidifier shall be established taking into account the

following factors:

- geographic location of the air handling unit with matching outdoor conditions

- seasonal latent effectiveness of any energy recovering device, characterised by its moisture recovery
efficiency

- the selected set point of the supply air leaving the humidifier

- the operating time of the unit

A correct valuation of the aforementioned factors enables an accurate calculation of the momentary

thermal energy consumption for the duration of any outdoor condition during the operating time of the

unit.

The annual energy consumption of the humidifier then is the sum of the momentary energy consump-

tions for humidification, according to:

I=Qmom n

Qhum = QE (Qmom,i/3600) (79)
i= mom, 1
where
Qhum = annual thermal energy consumption of the humidifier in kWh/a
Qom, i = energy consumption during time ts, iinkd/a
ts i = periods of time with fixed in- and outlet conditions during annual operation time
of unitin s
3600 = conversion factor in kdJ/kWh

For further information on this topic see also chapter 8.

7.4 COSTS OF THERMAL ENERGY FOR HUMIDIFICATION

The cost price of thermal energy for humidification shall be established at the location of the considered
air handling unit and shall include the overall efficiency for steam or heat production.

In all cases, the fuel price and/or price for electricity must be provided by the public utility, responsible
for delivery!

7.4.1 COSTS OF THERMAL ENERGY FOR STEAM HUMIDIFIERS

* Life steam
Life steam humidifiers obtain steam from a central steam boiler in a plant room. For the seasonal effi-
ciency and energy costs we refer to chapter 5.2.

* Electric steam generators
The seasonal efficiency of an electric steam generator is affected by:
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- drain frequency of the cylinder(s), depending on water quality

- heat loss of the steam cylinder(s)

- stand by periods

Unless otherwise specified, a seasonal efficiency of 95% for moderate use of local steam gen
erators may be assumed. The costs for thermal energy follow the equation:

_ Eel
Phum = (7.10)
MNs hum
where
Prum = costs of thermal energy for humidification in €/kWh
Eq = price for electricity in €/kWh
Nepum = seasonal efficiency of humidifier in %/100

* Gas fired steam generator
For the seasonal efficiency of a local gas fired steam generator, the same considerations can be

made as for an electric steam generator. The seasonal efficiency is valued at 80% unless stated
otherwise.

The costs for thermal energy can be calculated with the formula:

EeI

Phum = (7.11)
s,hum

where

Prum = costs of thermal energy for humidification in €/kWh

E; = fuel price in €/m?

3600 = conversion factor in kd/kWh

Hy, = higher heating value of gas in kdJ/m?

Nsmum = Seasonal efficiency of humidifier in %/100

7.4.2 COSTS OF THERMAL ENERGY FOR WATER HUMIDIFICATION

As described in 7.3.3, the necessary heat to evaporate the water is extracted from the air stream.

To maintain the desired air supply temperature, an additional heat input in the heating coil is required;
equal to the extracted evaporation energy.

Hence, the thermal energy for water humidification is coming from the same source as the thermal
energy for heating. The calculation procedure therefore is the same.

For seasonal efficiency and energy costs see chapter 5.2.

7.5 MOISTURE RECOVERY

The only energy recovering device (within the scope of this Recommendation) that also recovers mois-
ture during the humidification season, is a rotary heat exchanger (or any other recovery device, operat-
ing according to the same physical principle).

Depending on the rotor type, the moisture recovery efficiency will vary with the in— and outlet conditions
of the air streams. For a proper assessment of the seasonal efficiency for moisture recovery, three dif-
ferent rotor types have to be considered:

» Condensation rotor
A condensation rotor (non hygroscopic rotor) will transfer moisture from the extract air to the supply
air as long as water vapour condensates on the rotor material in the extract air.
If and how much water vapour condensates, depends on the moisture content in the extract air and
the moisture content of the outdoor air at saturation.
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The diagram shows that the temperature of the outdoor air
(0a) must be lower than the dew point temperature of the
extract air (ea).
' It is obvious that for a fixed extract air condition the effi-
ciency varies with the outdoor condition.
Accurate calculations demand a computer program linked
to selection software from rotor suppliers, where for each
outdoor condition in the Mollier diagram the efficiency and
? accompanying moisture recovery are established.
A summation of all the individual computer calculations
results in the total amount of recovered moisture during

_r the humidification season.
condensation As a guidance for comparative calculation purposes, the
parameter seasonal moisture efficiencies (as a percentage of the

latent efficiency at desigN conditions) have been tabulated
in table 7.3. The efficiencies are sufficiently reliable if the
conditions, mentioned below the table, comply more or
Figure 7.2 — Condition for condensation less with the actual situation!

* Hygroscopic rotor
A hygroscopic rotor (enthalpy rotor) is basically a condensation rotor with a porous layer on the
rotor material. This surface treatment is accomplished by submerging the entire rotor in a chemi
cal liquid.
Due to the hygroscopic layer, moisture is not only transferred by condensation but also by
absorption of moisture in the extract air. Condensed and adsorbed moisture are released in the
supply air.
For the impact of condensation on moisture transfer, the same fundamentals as for condensa
tion rotors apply.
The contribution of the hygroscopic layer to the moisture recovery strongly depends on the
applied chemical process; hence on the rotor manufacture. Now even more a computer pro
gram, as described before, is required to compute accurate seasonal moisture recovery.
For comparison purposes, however, within the scope of this Eurovent Recommendation; a sea
sonal moisture efficiency (as a percentage of the latent efficiency at design conditions) has
been tabulated in table 7.3. The same restrictions as for condensation rotors are valid; in gener
al results may diverge more, depending on the quality of the hygroscopic layer!

Sorption rotor
A sorption rotor has a moisture efficiency almost independent of the entering air conditions. The

rotor material has a solid desiccant (e.g. silica gel) on the surface, which will adsorb water
vapour from the extracted air stream. Desorption of an equal amount of water vapour in the out
door air stream raises the humidity of the supply air. Adsorption and desorption are induced by
changes in relative humidity of the air during the rotor passage.

The seasonal efficiencies of the sorption rotor, as submitted in table 7.3, are in fact reduction
factors (as a percentage of the latent efficiency at design conditions) to compensate the
inevitable surplus of moisture recovery when the absolute humidity of the outdoor air is close to
the desired value of the supply air.

This phenomenon only occurs in case of higher latent efficiency in combination with a moisture
gain in the extract air. In reality a speed control on the rotor will reduce the efficiency to the
appropriate level.

The lower the humidifier set point, the more calculation compensation is needed!

Precise calculation results can only be accomplished with a computer program as described
before.
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The accuracy of calculated results obtained with the figures of table 7.3, depends on how close
the stipulated conditions below the table are met!

Table 7.3 Seasonal rotor efficiencies’ for moisture recovery
Humidifier set point X, of the supply air
Rotor t
OOTYPe  I33kg [4gkg |59kg |6gky |7gkg |8gkg ]9 gkg
condensation 519 |44%  [43%  [44%  [47%  [50%  |53%

Hygroscopic rotor | 78% 71% 67% 64% 63% 63% 63%
Sorption rotor 82% 87% 90% 93% 94% 94% 95%
' As a percentage of the latent efficiency at design conditions!

Following design conditions have been assumed:

outdoor air : —10 °C at 1 g/kg

pressure drop rotor: —150 Pa

moisture gain: 1 g/kg

Figures valid for western European climates

Percentages have been derived from western European outdoor conditions.

To achieve best possible accuracy, it is strongly recommended to use the same design conditions.
Values for intermediate set points may be interpolated!

The profits of a rotary heat exchanger (or similar device), recovering moisture, can be derived from the
equations and tables in chapter 8 and the data on thermal energy costs for humidification in chapter 7.4.
Additional energy consumption to operate the energy recovery device (pressure drop, drive system)
shall be taken into account with the application (heating, cooling or humidification) where the highest
savings are achieved (usually heating).

To compute the financial benefits of the moisture recovery device, the following procedure should be
conformed to:

1) Calculate the total annual thermal energy demand for humidification without moisture recovery by
substituting n, = 0 in the relevant equations of chapter 8.

2) Carry out the computation again with moisture recovery, using the seasonal efficiency as established
in this chapter.

3) Subtract both energy demands 1) & 2) and multiply the result with the costs for thermal energy for
humidification in accordance with chapter 7.4

4) Deduct the costs for additional energy, consumed to operate the system (if applicable).

7.6 HUMIDIFIER WATER ECONOMY

The costs for water consumption and water treatment (if appropriate) are relatively low compared to the
thermal energy costs for humidification. However to evaluate the application of different types of humid-
ifiers in all it s aspects; this chapter gives appraising guidelines on expenditures for water consumption
and water treatment.

7.6.1 WATER CONSUMPTION

All humidifiers will consume more city water than the amount of water required to humidify the air. The
ratio between the two depends on the humidifier type, controls and required water quality!
In general, humidifiers demand the following water quality:

» Steam humidifiers : city water or softened water
» Water humidifiers
¥ air washers : city water or softened water
¥ atomising humidifiers : demineralised (reverse osmosis) water

Exceptions for special applications have been allowed for. The quality of the required feed water shall
be specified in manufacturer s quotation!
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A better water quality on the one hand reduces the drain rate or bleed off rate of the humidifier, but on

the other hand raises the amount of city water needed for a proper economic water treatment.

The following table enables a quick appraisal of the water consumption for different types of humidi-

fiers, depending on the required water quality.

The table has been based on the following assumptions:

— Medium hard city water (14iD) is supplied by the public utility

— Feed water factor is the assessed ratio between totally supplied feed water to the humidifier and
annually evaporated water quantity in the air stream

- FWQ is the demanded feed water quality to be considered

— Ratio between soft water supply and demineralised water production is 1,5 (due to reject and flush
water for R.O. unit).

— Ratio between consumed city water and produced soft water is 1,05 (due to drain water for regener
ation)

Table 7.4 Water consumption ratios for different types of humidifiers
Humidifier type Feed water Demioneralised Softened City
factor (RO)'water water water
1,10 — — FWQ
Steam humidifiers 1,05 — FWQ 1,05
1,00 FWQ 1,50 1,05
2,00 — — FWQ
Air washers 1,50 — FWQ 1,05
1,10 FWQ 1,50 1,05
Atomising humidifiers* | 1,10 FWQ 1,50 1,05

*Lower water qualities are strongly dissuaded!

City water consumption is computed by multiplication of the yearly evaporated water quantity with the
factors, valid for the applied water quality (indicated FWQ).

The yearly evaporated amount of water or steam supplied into the air stream, is calculated with the
equation:

Qpum - 3600

Qy = —o500 (7.12)
where

Q, = yearly evaporated amount of water or absorbed steam in the outdoor air stream
in kg/a

Qhum = annual thermal energy consumption for humidification in kWh/a

3600 = conversion factor in kJ/kWh

2500 = evaporation heat of water at moderate temperatures in kJ/kg
Example:

What is the annual water consumption of an atomising humidifier which consumes 120.000 kWh/a of
thermal energy?

Evaporated amount of water in the air stream: Q,, = (120.000 x 3600) / 2500 = 172.800 kg/a

- demineralised water consumption :172,8 x 1,1 = 190,1 m3/a

- soft water consumption :172,8 x 1,1 x 1,50 = 285,1 m3/a

- city water consumption :172,8 x 1,1 x 1,50 x 1,05 = 299,4 m3/a

The price for city water must be provided by the public utility, responsible for delivery.

Prices for treated water should be derived from actual technical specifications and data of the R.O.
installation.
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7.6.2 EXPENDITURES FOR WATER TREATMENT

When prices for treated water are not available (which usually is the case), the additional costs for
water treatment have to be assessed; based on the information in this chapter.
The brine tank of a water softener has to be filled with salt for regeneration of the unit.

» The salt consumption for soft water production is valued at 0,5 kg/m3.
The power consumption of a water softener may be disregarded!

A reverse osmosis unit consumes electric energy for the production of demineralised water. The maijori-
ty of energy is used by a water pump required to force the feed water through a semi—permeable mem-
brane and a booster pump needed to supply the consumer(s) with product water (permeate). The ener-
gy consumption for the production and distribution of R.O. water strongly depends on:

- the size of the reverse osmosis unit

- the extension of the pipe network for product water

In general the required water production for humidification purposes is rather low; hence R.O. units with
low performances are often applied.

» As a guideline 4 kWh of electricity per m® R.O. water should be used to compute the energy costs for
the production of demineralised water.
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8 GENERAL GUIDELINES FOR THE CALCULATION OF ENERGY
DEMANDS IN AHU

8.1 TYPES OF ENERGY USED IN AHU

The thermal and physical treatment of the air in air handling units (AHU) requires different types of
energy, depending on the utilised systems and components:

¥heating of air: air can be heated by means of thermal energy (heat exchangers fed with hot water
from fuel fired boilers or district heating) or by means of electrical energy (electrical
heat exchangers). In addition electrical energy is demanded to run the utilised pumps

¥cooling of air: air can be cooled by means of cooling systems based on compression cycles using
electrical energy for running the system, or based on absorption cycles using thermal
energy for operating the absorption cycle process or based on evaporation processes
like adiabatic cooling. In addition electrical energy is demanded to run the utilised pumps

¥humidification of air: air can be humidified by means of water (evaporation humidification) or vapour
(steam humidification). In case of steam humidification, thermal energy is
required for the generation of the steam. In case of evaporation humidification,
electrical energy is demanded to run the injection pumps. Evaporation heat is
withdrawn from the passing air (thermal energy)

¥ air transport: in AHU air is transported by means of fans, using electrical energy

¥auxiliary devices for AHU: to operate AHU properly, a number of auxiliary devices such as damper
motors, control equipment, lighting systems and pumps are needed. All of
these devices require electrical energy

The above list shows, that the overall demand of energy for AHU«s can be summarised into two class-
es of energy:

¥ electrical energy
¥ thermal energy

Further information on the demand of energy, the utilised classes of energy and the different systems
and components for air treatment including efficiencies and systems effects have been given in chap-
ters 4 to 7 in this recommendation.

The price levels for fuel and electrical energy are very much depending on national, international and
temporary circumstances due to politics and economics. Therefore reliable prices for 1 kWh of energy
(fuel or electricity) must be ascertained individually.
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8.2 BOUNDARY CONDITIONS FOR THE CALCULATION OF ENERGY CONSUMPTION

8.2.1 CRITERIA REFERRING TO PHYSICAL PROPERTIES
density: The density of the air is fixed to p = 1,2 kg/m®

air flow rate: The air flow rate q, [m%s] shall always be given under standard conditions accord-
ing to EN 13053.

heat recovery: The temperature ratio n, and humidity ratio n, [%] shall always be given under
standard conditions according to EN 308.

8.2.2 CRITERIA REFERRING TO LEVELS OF AIR TEMPERATURE AND MOISTURE
CONTENT

The temperatures of the air in the AHU play the most important role, as the calculation of the annual
energy demand for thermal air treatment is very much linked to the question, how much the tempera-
ture of the outdoor air (0a) has to be changed by means of heating or cooling, to fit to the requirements
of the supply air (sa). In case of heat recovery, the extracted air (ea) supports the thermal treatment of
the outdoor air. So the temperature levels of the extract air, which are very much linked to the room air
temperatures, are important to know.

As each AHU is operating under different ambient conditions with different demands concerning the
room air temperatures, overall valid temperature levels cannot be fixed. Nevertheless general scenarios
for temperature levels can be defined in principle. These scenarios show the temperatures of the sup-
ply air and of the extract air on the air handling system depending on the actual outdoor air tempera-
tures.

Three basic supply and extract air temperature and moisture scenarios are presented below for three
different types of installation.

These installation types have been explained in chapter 5.
Installation type [

- Central ventilation system
- Additional local heating and/or cooling in case of heating and/or cooling load

INSTALLATION TYPE | INSTALLATION TYPE |
30 £ 20
[©] @© ]
® 27 °C 5 1
5 25 S ] 15
® 2 15 14
o) o P
g. 20 20°C § g 10 1
[0] c = i
b 8=
o 15 4 7 [ 1
t S % Exndar
= qo |NRRYER] 2, Supply air
2 :
20 -10 0 10 20 32 40 0 6=Xe 12 18
Outdoor temperature°C Moisture content outdoor air [gr/kg]
Temperature scenario Moisture scenario

Figure 8.1 —Temperature and moisture scenario, installation type |
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Installation type Il

- Central ventilation and cooling system

- Additional local heating in case of heating load

- Additional local cooling in case of high cooling load

INSTALLATION TYPE Il
30

g 27°C

5 25

© ]

o ]

e 20+

2 ]

g 151 , 14.°C

g | —— Extract air

= 018 ‘Sl‘Jp;‘)Iy‘alr ‘ ‘ ‘

20 10 0 10 20 32 40

Outdoor temperature °C

Temperature scenario

Figure 8.2 —Temperature and moisture scenario, installation type Il

Installation type Il

- Central air conditioning system for ventilation, heating and cooling

- Additional local heating in case of high heating load
- Additional local cooling in case of high cooling load

INSTALLATION TYPE Il
40
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g
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g 27°C
g 25
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3
£ 15 - Supplyair 14°C
Extract air
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Qutdoor temperature °C

Temperature scenario
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Moisture content outdoor air [gr/kg]
Moisture scenario

INSTALLATION TYPE Il
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2
5 ]
E 1 10,5
C b )
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|5 1 ,
c
3 5
2 1 ——Supply air
® 1 Extract air
S 0 |
=

0 6=Xg 12 18

Moisture cont&éht outdoor air [gr/kg]

Moisture scenario

Figure 8.3 —Temperature and moisture scenario, installation type Il

In these installation types it is assumed that the heating period is at outdoor temperatures below
20 ...C and cooling period at outdoor temperatures above 20 ...C.

In the heating and cooling calculation method in chapter 8.4 and 8.5 the supply and extract tempera-

tures and moisture contents are variables which can be changed. Nevertheless values according to the

scenarios above are suitable default values.

More detailed information on the different temperature and moisture levels is given in chapter 5.
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8.2.3 CRITERIA REFERRING TO LEVELS OF AIR HUMIDITY

The actual humidity s of the outdoor air, the supply air and the extract air influence the operation condi-
tions and the demand of the energy for thermal air treatment in the air handling system. Thereby not
the relative humidity ¢ [%] but the moisture contents of the air x [kg H,O/kg dry air] is of importance.

In case of the utilization of humidification systems and/or dehumidifying cooling coils in the AHU the
actual moisture scenarios have to be taken into account. Thereby the relative humidity ¢ is the leading
parameter for the humidification of the supply air. Depending on the utilization of the room or building,
the relative humidity of the supply air (pg5) has to be within a well defined range. For human comfort,

the relative humidity of the room air should be between 30% and 60%, with a moisture content not
higher than 13 g H,O/kg air . In industrial processes, the relative humidity of the room air depends very
much on the type of process and can vary in principal between 0% and 100%.

For energy calculations the moisture content of the supply air (x,) is important, and can be calculated
using the relation:
Psa

x 0622100 = (8.1)
101300 — :pgg Pesa
where
Xsa = moisture content of supply air in kg vapour/kg dry air
Psa = relative humidity of the supply air in %
Ps.sa = saturation pressure of the water vapour in Pa
0,622 = ratio between molecule weight of water and dry air
101300 = atmospheric pressure at sea level in Pa

Thereby, the saturation pressure of the water vapour in the air is depending on the supply air tempera-
ture and can be calculated by:

8,02
¢ ,
Pssa = 288,68- (1,098 + 1?;0) 0tt,135..C (8.2)
where
Ps.sa = saturation pressure in Pa
tea = supply air temperature in |C

The moisture content of the extract air (x.,) is linked to the moisture content of the supply air by taking
into account the vapour loads of the room or building. The vapour loads () are the amounts of water
vapour which are emitted into the room air by persons, plants, areas of liquid water inside of the room
(swimming pools, indoor ponds, etc.) and production processes:

¥ ¥ ¥ ¥ ¥

v = Vperson + Vprocess *+ Vwater areas t Vplants (83)
where

v = total vapour load of the room or building in g/h

¥ person = vapour emitted into the room air by persons in g/h

¥ process = vapour emitted into the room air by processes in g/h

¥ water areas = vapour emitted into the room air by areas of liquid water in g/h

¥ plants = vapour emitted into the room air by plants in g/h

Concerning common building technologies, vapour diffusion through exterior walls can be ignored.
The vapour loads induced by persons are depending on the degree of physical work and can be
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assumed as follows:

vapour
‘\¥person =50 g vapour E
Frorson = 130 LYAPOUT
Taking into accdunt the vapour loads, the moisture content of
the extract air can be calculated as:

(8.4)
Xea = Xga t qy - 12
where
Xea = moisture content of the extract air in g H-O/kg air
Xsa = moisture content of the supply air in g H20/kg air
v = total vapour loads of the room or building in g/h
Qv = air flow rate in m%h

For a typical office building, the calculation indicates an increase of the moisture contents between sup-
ply air and extract air by Ax = 1 g H20 /kg dry air.

More information on the humidification and on the influence of humidification on the overall energy con-
sumption has been given in chapter 7 of this recommendation.

8.2.4 CRITERIA REFERRING TO THE DESIGN OF THE AHU

Casing air leakage:
The air leakage of the casing can be neglected in the calculation of the energy consumption of the AHU
if the leakage class is equal to or better than class L3 according to EN 1886.

Thermal transmittance of the casing:

The thermal transmittance of the casing can be neglected in the calculation of the energy consumption
of the AHU if the thermal transmittance is equal to or better than class T4 according to EN 1886. If the
thermal transmittance is of class T5, it has to be taken into account.

Airside pressure drops of the components in the AHU:
The airside pressure drops of the components in the AHU have to be taken into account under the
design conditions of the unit:

¥ air filters are taken under average design conditions, depending on the filter class:

_ A _ A, +150
¥ filter class G1 to G4: ) des = — 5 (8.5)
_ _ N Dy +200
¥ filter class F5 to F7: D des = — 5 (8.6)
¥ filter class F8 and higher: A g = X2 +300 (8.7)
2

where
Apges = design pressure drop of filter in Pa

Ap;,i = initial pressure drop of filter in Pa
heat exchangers are taken under average design conditions:
A> dry + A>
2

A ges = wet (8.8)
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where

APges = design air side pressure drop of heat exchanger in PA

APgry = air side pressure drop of dry heat exchanger, i.e. without condensing
water on fins in Pa

APyet = air side pressure drop of wet heat exchanger, i.e. with condensing

water on fins in Pa
¥ humidifiers are assumed to work under design conditions

Fans:
The performance of the fans and the fan motors shall always be given under the condition that they are
installed inside of the casing of the AHU.

8.2.5 CRITERIA REFERRING TO THE OPERATION CONDITIONS OF THE AHU

Operation time:

The operation time t,, [h/a], i.e. the annual running time of the AHU, is very much dependent upon the
application of the air handling system. Apart from the overall annual operation time, the ratio of daytime
to night-time operation of the AHU is important to know. Therefore the annual operation time should be
defined in 2 parameters:

¥t,,4 [N/a]: annual operation time during daytime from 6.00 to 18.00
¥t,,n [N/a]: annual operation time during night-time from 18.00 to 6.00

If the actual annual operation time is not known, following figures can be assumed:

Table 8.1 Assumed annual operation time
annual operation time | annual operation time | total annual
type of building during daytime from | during night-time from | operation time
6.00 to 18.00 18.00 to 6.00 top [N/a]

topa [N/2] top.n [N/2]
office buildings
(open from 6.00 to 20.00) 2800 h/a 400 h/a 3200 h/a
office buildings
(open 24 h a day) 3100 h/a 3100 h/a 6200 h/a
industrial plants
(1 shift; 5 day a week) 2200 h/a 400 h/a 2600 h/a
industrial plants
(2 shifts, 5 days a week) 3100 h/a 1600 h/a 4700 h/a
industrial plants
(3 shifts, 5 days a week) 3150 h/a 3150 h/a 6300 h/a
shops

3750 h/a 1550 h/a 5300 h/a
restaurants

1900 h/a 3400 h/a 5300 h/a
hotels and hospitals

4380 h/a 4380 h/a 8760 h/a
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Variable air volume (VAV):

When using VAV, the total consumption of energy for thermal treatment and air transportation will be ¥ ¥
¥ reduced by:

¥ reduction of air flow to be cooled and / or heated

¥ reduction of air flow to be transported

¥ reduction of airside pressure losses due to reduction of air flow velocities

To take into account the reduced energy consumption when using VAV, reduction factors shall be intro-
duced in the calculations:
¥NvavHc: reduction factor for heating and cooling energy

¥Mvav fan: reduction factor for fan energy consumption

If no actual data is available, the following default values can be used:
¥ average reduction of the air flow rate by 35% over the year
(qv,VAv = 0,65 qv,CAv)
¥Nvavrc = 0,65
¥Nvavfan = 0,42

If the AHU operates with constant air volume (CAV), the reduction factors are equal to 1:
¥NvavHe = McaviHe =1,0
¥Nvavfan = Meavfan =1,0

8.2.6 CRITERIA REFERRING TO THE AUXILIARY DEVICES

Energy consuming auxiliary devices for AHU are:

¥ pumps for humidifiers, heating coils, cooling coils and heat recovery systems
¥ damper motors

¥ motors for rotary heat exchanger systems

¥ lighting of the casing

¥ control equipment

¥ defrosting devices

The consumption of electrical energy for damper motors, lighting and control equipment can be neglect-
ed. All other devices have to be taken into account with respect to the nominal power input, the load
function and the annual operation time of the device.

8.3 AMBIENT CONDITIONS ON SITE

The demand of heating and cooling energy for the thermal treatment of the air is very much depending
on the ambient conditions on site such as temperature and humidity of the outdoor air. As temperature
and humidity vary over the year, the annual energy consumption for heating and cooling has to be
determined by taking into account the annual frequency of the outdoor conditions, as defined in the ref-
erence year of the location. The reference year provides typical temperatures and humidities for each
hour of a year at the location of interest.

With these data the specific enthalpies of the outdoor air (h,,) [kJ/kg]) can be determined for each hour
of the year:

hoa,i = 1’0 'toa,i +Xoa,i '@500"' 1’86'toa,i) (8.9)
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Noa it = specific enthalpy of the outdoor air at the hour i of the reference year in kd/kg
toa,is = temperature of the outdoor air at the hour i of the reference year in ...C

Xoai- = moisture content of the outdoor air at the hour i of the reference year in kg/kg
1,0: = specific heat of dry air in kg/kg'K

2500: = evaporation heat of water at 0;C in kJ/kg

1,86: = specific heat of moisture in kg/kg'K

8.4 CALCULATION OF THE ANNUAL CONSUMPTION OF HEATING ENERGY

8.4.1 ASSUMPTIONS FOR CALCULATION PROCEDURE

For the calculation of the annual consumption of heating energy (Q,) the following assumptions are
made:

¥The heating period of the year is defined by outdoor air temperatures (t,,) below 20;C:

t,<20iC

¥ For the standard calculation scheme the following set-up of the AHU is taken as a basis:
Figure 8.4 — Air Handling Unit assumed in the calculation of heating energy

< < €2
H heating (extract air)
R coil
S
oa sa  p
(outdoor air) A (supply air)

Qyl

The heating coil is located between the heat recovery system (HRS) and the supply air fan.
The supply air fan induces a temperature rise of At,,, - 1K of the air flow.

The exhaust air fan is located downstream of the heat recovery system and does not affect the
thermal treatment of the supply air

The heat recovery system is defined by the temperature ratio (nt), which has to be determined

under standard conditions according to EN 308. The temperature ratio is taking into account system

factors and system effects like defrosting etc. More information on this is given in chapter 6 of this
recommendation.

¥The moisture content of the air (x) is defined not to vary in the air handling system. This means that
the moisture content of the supply air (xg,) is equal to the moisture content of the outdoor air (x,,)

Xoa = Xsa

In case of humidification of the supply air, the calculation procedure for the additional annual energy
consumption for humidification is given in chapter 8.6 of this recommendation.
The supply air temperature (t,,) depends on the applied heating scenario. In general, these heating
scenarios are defined by:
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maximum supply air temperature tg, ., at t,, = -10;C
minimum supply air temperature tg, i, at t,, = 20;C

% supply air (sa)
<C’: samax | |t e=== extract air (ea)
5
g ~.
8_ tea ] tsa,min
R PR EEP A N
2
-10 0 10 20 30 40 .
outdoor temperature t, [iC] gggure

Temperature scenario, heating

In order to calculate the annual demand of heating energy, the supply air temperature shall be taken as
a function of the outdoor air temperature:

¥t < -10iC: tsa= tsa,max (8.10)
¥-10iC =< t,, = 20;C: ten = tes max — (tsa,max ~ tsa,min )'(toa N 10) (8.11)
' 30
where
tea = temperature of the supply air in jC
tsamax = max. temperature of the supply air in jC
tsa.min = min. temperature of the supply air in jC

¥The extract air temperature (t.,) is constant below 20°C outdoor air temperature and fixed at 22;C in
the manual calculation method.

8.4.2 GENERAL CALCULATION OF ANNUAL HEATING ENERGY DEMAND

Taking into account those assumptions the demand of heating power is calculated as:

P =vaviic " Cp Ay | tsa = 1)-to —1Y]Tt0' (tea ~ toa Jo | -0 (8.12)

if no heat recovery: ny =0
where

Py = demand of heating power in kW

p = density of the air; p = 1,2 in kg/m?

Cp = specific heat of air; Cp = 1,0in kd/kg/...C

a, = air flow rate in m%s

toa = temperature of the outdoor airin ...C

te, = temperature of the supply airin ...C

tea = temperature of the extract airin ...C
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" = heat recovery temperature ratio (see chapter 6) in %
reduction factor for variable air volume (VAV)

MvAav,HC

To get the annual demand of heating energy, the total sum of the individual heating energies for each
hour of the reference year (mean value over a period of 10-30 years) has to be calculated, taking into
account the annual operation time of the air handing system during daytime (t,, yJand during night-time

(topn): 4380 op g 4380 Op N
= P, - .
where
Qy = demand of annual heating energy in kWh/a
Ph.a, = demand of heating power during daytime at the hour i in kW
Pun, = demand of heating power during night-time at the hour i in kW
top.d = annual operation time during daytime in h/a
topn = annual operation time during night-time in h/a

—_
|

= timeinh

Total annual costs for heating:

The total annual energy costs for heating (E) can be calculated as:

Ey =Qy “Pheating (8.14)
where
Ey = total annual energy costs for heating in €/a

Qy total demand of annual heating energy in kWh/a
Pheating = price for heating energy [€/kWh] taking into account system
effects and efficiencies (see chapter 5)

8.4.3 CALCULATION METHODS

The calculation of annual heating demand can be done either by means of the software program
EUROVENT-AHU (see Annex C ) or manually according to method below.

Accuracies: Manual method — 5 % in relation to software program.
In case of high temperature ratio and low supply air temperature the deviation may be higher.
8.4.4 MANUAL CALCULATION PROCEDURE FOR ANNUAL HEATING DEMAND

To take into account the significant difference of the heating energy demands for buildings with respect
to the daily operation times it is recommended to calculate the annual energy demands for two periods

each day:
¥ daytime operation: 6.00 — 18.00
¥ night-time operation : 18.00 — 6.00

Each air handling system will have an individual mix of daytime and night-time operation, depending on
the type and utilization of the building. Therefore it is necessary first to calculate the general heating
energy demands for daytime operation (Q, 4) and night-time operation (Qy,,) and then to add those
figures to take into account the typical operation times of the system.
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Annual demand for heating energy during daytime:

Introducing the following correlation factors for heating during daytime:

4380
¥ Hsa,d = E (tsa,i - 1) for toa = (tsa; —1)
1=1
4380
¥ Hoa,d = Etoa,i for toa,i = (tsa,i _1)
=1

4380
¥ (Hea - Hoa)d = (tea,i _toa,i) for (tsa,i _1)_toa,i $0.38 (tea,i _toa,i)

i=1

where
¥Hga g = heating correlation factor, supply air, daytime in K-h/a
¥Hoaq = heating correlation factor, outdoor air, daytime in K-h/a

¥(Hea'Hoa)d

daytime in K-h/a
tsai = temperature of supply air at the houriin jC
toai = temperature of outdoor air at the hour i in |C
t = temperature of extract air at the hour i in jC

a summation limiting factor to increase the accuracy.

ea,i

0.38

The annual demand of heating energy during daytime operation can be calculated as:

M t
Qua =1.2 *“MvavHe " Qv "Cp * [Hsag —Hoaa - %(Hea —Hoa )g '%
where
Qu g = demand of annual heating energy during daytime in kWh/a
ay = air flow rate in m%s
NvavHC = reduction factor in case of VAV
Cp = specific heat of air; ¢, = 1.0 in kd/kg'K
Hsad = heating correlation factor, supply air, daytime in K-h/a
Hoad = heating correlation factor, outdoor air, daytime in K-h/a
(Hea - Hoa)g = heating correlation factor, difference between extract air and outdoor air,
daytime in K-h/a
top.d = annual operation time during daytime from 6.00 to 18.00 in h/a
Nts = seasonal temperature ratio in %

Note that the correlation factors for heating during daytime; Hy, 4, Hoo g @nd (He, - Hoa)g are

dependent upon the location of the AHU and on the supply air temperature scenario.

Annual demand for heating energy during night time:

Introducing the following correlation factors for heating during night-time:

4380

e H = E(t ) _1) for toa,i = (tsa,i _1)
=
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heating correlation factor, difference between extract air and outdoor air,

(8.15)

(8.16)

(8.17)

(8.18)

(8.19)
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° Hoa,n = toa,i for toa,i = (tsa,i _1) (820)

4380

o (Hea =Hoa)o = 2<tea,i = toa)) for (ta; —N—toa; = 0.38 (too —ta)  (8.21)
where
Hsan = heating correlation factor, supply air, night-time in K-h/a

Hoan = heating correlation factor, outdoor air, night-time in K-h/a

(Hea - Hoa)n = heating correlation factor, difference between extract air and outdoor air, night-
time in K-h/a

tsai = temperature of supply air at the hour i in jC

toa, = temperature of outdoor air at the houriin jC

tea, = temperature of extract air at the houriin jC

0.38 = a summation limiting factor to increase the accuracy.

The annual demand of heating energy during night-time operation can be calculated as:

n Lopn

QH,n =12 "Nvav,He "9y "Cp - Hsa,n - Hoa,n - ﬁ(Hea _Hoa)n : 42’)80 (822)
where

Qu, = demand of annual heating energy during night-time in kWh/a

ay = air flow rate in m®%s

NvavHe = reduction factor in case of VAV

Cp = specific heat of air; Cp = 1.0 in kJ/kg'K

Hsan = heating correlation factor, supply air, night-time in K-h/a

Hoan = heating correlation factor, outdoor air, night-time in K-h/a

(Hea - Hoa)n = heating correlation factor, difference between extract air and outdoor air,

night-time in K-h/a
topn = annual operation time during night-time from 18.00 to 06.00 in h/a
Nis = seasonal temperature ratio in %

Note that the correlation factors for heating during night-time; Hg, ,, Hoan @and (He, - Hoe),, are dependent
upon the location of the AHU and on the supply air temperature scenario.

In Annex A the correlation factors for heating Hg, 4; Hoa ¢: (Hea—Hoa)a: Hgan Hoan: (Hea=Hoa)a as a func-
tion of the supply air temperature scenario are given for a number of European locations.

Total annual demand for heating energy:

The total annual demand for heating energy is calculated by adding the annual demand during daytime
and during night-time:

Qu= Qg +Qup (8.23)
where

Qy = total demand of annual heating energy in kWh/a

Qp g = demand of heating energy during daytime in kWh/a

Qu demand of heating energy during night-time in kWh/a
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8.3 Calculation of the Annual Consuption of Cooling Energy

8.5.1 Assumptions for Calculation Procedure

For the calculation of the annual consumption of cooling energy (Qp) the following assumptions are

rmade;

* The cooling period of the year is defined by outdoor air temperatures t,, above 20°C:

t,, > 20°C

+ For the standard calculation scheme the following set-up of the AHU is taken as a bhasis:

oa
{outdoor air) -

o

LLL 4 e

coofing

coil

1.

O

Qg

« €8
{extract air}

84
(supply air)

Figure 8.6 - Air Handling Unit assumed in the calculation of cooling energy

The coaling coil is located between the heat recovery system (HRS) and the supply air fan. The
supply air fan induces a temperature rise of At,. = 1K of the air flow.

The exhaust air fan is located downstream of the heat recovery system and does net affect the
thermal treatment of the supply air.

The cooling recovery system is defined by the temperature ratio (n,) and the humidity ratio {1,

which has to be determined under standard conditions according to EN 308. More information on
this will be given in chapter & of this recommendation.

Temperature scenario

Temperature in AHU

A supply air (sa) tea./ma.'[
= - - extract air (za) i R
- - .E - ;
tea,min - [ .
:tsa%min
i L
10 20 30 t,max 40

outdoor temperature 5 I°C}

Figure 8.7 — Temperature scenario, cooling
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The supply air temperature (t,,) and the extract air temperalure (t,,) are depending on the applied cool-
Ing scenario. In general, these cooling scenarios are defined by:

* maximum supply air temperature t, .., att,, = 20°C

* minimum supply air temperature t,, ., at t,, = maximum outdoor temperature (toa max)

* maximum extract air temperature t,, ..., at t,, = maximum outdcor temperature (t_. ...}

= minimum extract air temperature t,, ... at t,, = 20°C

* in the manual calculation method the extract temperatures are fixed at 22°C and 27°C

at respectively 20°C and 32°C outdoor temperature

In order to calculate the annual demand of coaling energy, the supply air temperature and the extract
air temperature have to be taken as a function of the outdaor air temperature:

supply air temperature;

o {t,, - 20}

* 20°C <1, < g max =t M At ~tg mi (8.24)

tsa <A M m ( 53,max 54, mi n)
. tea= toamin
* b > boe ma (8.25)
where

t., = temperature of the supply air in *C
| I = max. temperature of the supply air in *C
Lsa min = min. temperature of the supply air in °C
tos = temperature of the outdoor air in °C
Loa.man = max. temperature of the outdoor air in °C

extract air temperature: - . (toa —20) ) _ .

- 20°C £, < tz.m tea = leamin + m (teamax — taamin} (8.26)
t. =t

't > toa_rna:r.: Ea” ‘ga,max (3.2?}

whera

tea = temperature of the axtract air in °C
beamax = max. temperaturs of the extract air in *C
tea min = min. temperature of the extract air in °C
t.a = temperature of the cutdoor air in "C
| SR = max. temperature of the outdoor air in °C

Moisture scenario:
Comfort climate:

g |
= . R R
M= _
T oa . :
@ ©
= &
- = s Xoaming
= 8 ! Xza,maxC SR
-
3 = Xg 1
# B L —— e |

g ——Extract air, xea

Supply air, xsa
Q Xs ¥oa l Zoamax,C

Moisture content autdoor air, x., [kg/kg)

Figure 8.8 — Moisture scenario, comiort climate
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The moisture content of supply air (x..) and its dependence upon moisture content of cutdoor air (X,,)

can be defined by:

Xs = humidification set point downstream the humidifier. If there is no humiditier and no
moisture recovery, the moisture content of the supply air is equal o the moisture
content of the outdoor air up to the point x... ~. The line x... will intersect the oriain of

e yraprn.

Kpn o = moislure conlent of outdoor air when dehumidification commences in the cooling

Xomma ¢ = Maximum moisture content of ouldoor air for the location of interest.

FrREAAY LD

Xeomne = Moisture content according to tables below (see alsa chapter 5 and appendix A):

(if no latent cooling recovery X, .. = Xoac)

|  Table 8.2 Moisture content in supply air at different max and min supply air temperatures
= (tua '1} max,C
22°C | 2M4°C | 20°C | 18°C | 18°C | 17°C| 16°C| 15°C| 14°C
13,0 12,5 12,0 11,5 11,0 10,5 10,0 9,5 8.0
(tsa =1) min,c
19°C | 18°C | 17°C | 16°C | 15°C | 14°C| 13°C| 12°C| 11°C
13,0 12,0 11,5 11,0 10,0 9.5 9.0 8.5 8.0

Between these defined points the moisture content of supply air can be calculated as linear in
relation to the moisture content of the autdoar air.

xea = K“I xﬁ.

2 = moisture content in extract air in ka/ka
> A = moisture content in supply air in kg/kg
Xa = axpected increase of moisture content due to room loads in kg/kg

fixed at 1 g/kg in manual calculation method

|
|
J

Liupply/extrac
n oi ture cantent

| | - —— Extract air. xea |
——Supply air, xsa |

n Ke Xoamax.C

Moisture content outdoor air, Xga [KQ/KG]

Figqure 8.9 — Moisture scenario, industrial climate
ELUROVENT B/8. 2005
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The moisture content of supply air (xs,) and its dependence upon moisture content of outdoor air (X,,)
can be defined by:

X = humidification, set point downstream the humidifier.

Xoamaxc = Maximum moisture content of outdoor air for the location of interest.

= Moisture content design value of supply air at X4 maxc
This value is always lower than the moisture content of the saturated supply air at
minimum temperature

Xsa,des

Between these defined points the moisture content of supply air can be calculated as linear in relation
to the moisture content of the outdoor air.

8.5.2 GENERAL CALCULATION OF ANNUAL COOLING ENERGY DEMAND

Two operation modes can be defined:

1. Temperature control: Outdoor air is cooled down to the required temperature of supply air.
The moisture content follows the supply air temperature and
and is not controlled. Some dehumidification will occur, depending on
selected temperature scenario.

2. Moisture control: Outdoor air is cooled down to the required moisture content of supply
air. If the supply air temperature is below the required temperature the air
is reheated.

The two operation modes in the Mollier-diagram :

A
t Xoa

toa
[°C] Xea
tea After recovery
Saturation line

te- 2. 1

tysa +0.5

x [kg/kg]
Figure 8.10 — Operation modes in the Mollier-diagram

Taking into account assumptions as above the cooling demands (split up in a sensible and a latent
part) and reheating if required, are calculated as below.
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Temperature control:

Pc,s =Nyav,Hc P Ay 'Cp'koa - RECg- (tsa_1)J

Pc. =Myav e P dy -2500- (X. —~REC| Xy )

PHI'E = 0

Moisture control:

Pes =Mvavsc P Gy Cp[toa— RECs - (tgss +0.5)]
Pe.L =Mvavhe “P- 0y’ 2500'(Xoa -REC| —Xg, )
PHre =nVAV,HC p 'qv[(tsa - 1)_ (tdsa+05)]

MNvav,HC

Y

RECs =

REC, =

2500 =

= sensible cooling demand in kW

= latent cooling demand in kW

= reheating demand in kW

= reduction factor for variable air volume (VAV)
= density of the air; p = 1,2 in kg/m®

qV =
tya + 0,5 =

supply air flow rate in m?/s

(8.29)
(8.30)
(8.31)

(8.32)
(8.33)

(8.34)

dew point temperature at x.,+ 0,5 °C to compensate the saturation deficit

(=95 %) in the outlet of the cooling coil in °C
sensible cooling recovery in °C

— n
RECs = Cp “(toa — tea)itso ﬁ

if no cooling recovery: RECg = 0

Latent cooling recovery in kg/kg

REC, (Xoa —Xea )if0 * 17]0_x

if no latent recovery system: REC| =0
supply air temperature in °C

= extract air temperature in °C

outdoor air temperature and fixed at 22;C in the manual calculation
method in °C

= moisture content of supply air in kg/kg
= moisture content of extract air in kg/kg
= moisture content of outdoor air in kg/kg
= temperature ratio in %

humidity ratio in %
specific heat of air; Cp = 1,0 in kJ/kg'K
latent heat of moisture in kd/kg

Here the sensible heat of water vapour is neglected

To get the annual demand of cooling energy, the total sum of the individual cooling energies for each
hour of the reference year (mean value over a period of 10-30 years) has to be calculated, taking into
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account the annual operation time of the air handing system during daytime (t,, 4) and during
night-time (t,, ,):

4380 top.a 4380 topn

Q¢ = ;(PC,S,d,i +PC,L,d,i)'1)'m+( ;(PC,S,n,i +Pcpni) 1 m (8.35)
where

Qc = total demand of annual cooling energy in kWh/a

Pcsai = sensible cooling demand during daytime at the hour i in kKW

Pcsni = sensible cooling demand during night-time at the hour i in kW

PcLai = latent cooling demand during daytime at the hour i in kW

PcLni = latent cooling demand during night-time at the hour i in kW

top.d = annual operation time during daytime in h/a

topn = annual operation time during night-time in h/a

1 = timeinh
Annual reheating:

4380 4380
d kWh

Qpyre =( ;PHre,d,i' ) 4?;;30 ( 2 Hre,nji ’ ) 4;’:;(‘) [T] (8.36)
where

Qure = total demand of annual reheating energy in kWh/a

Phredi = demand of reheating power during daytime at the hour i in kW

Phreni = demand of reheating power during night-time at the hour i in kW

top.d = annual operation time during daytime in h/a

topn = annual operation time during night-time in h/a

1 = timeinh

total annual costs for cooling:

The total annual energy costs for cooling (E¢) and reheating (E,..)can be calculated as:

Ec =Q¢ “Pcooling (8.37)

Ehre = Qure - Pheating (8.38)
where

Qc = total demand of annual cooling energy in kWh/a

Pcooling = price for cooling energy [€/kWh] taking into account system

effects and efficiencies (see chapter 5)
Qpre = total demand of annual reheating energy in kWh/a
Pheating: = Price for heating energy [€/kWh] taking into account system

effects and efficiencies (see chapter 5)

8.5.3 CALCULATION METHODS

The calculation of annual cooling demand can be done either by means of the software program
EUROVENT-AHU (see Annex C) or manually for temperature controlled systems according to method
below.

Accuracies: Manual method — 10 % in relation to software program.
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8.5.4 MANUAL CALCULATION PROCEDURE FOR ANNUAL COOLING DEMAND

To take into account the significant difference of the cooling energy demands for buildings with respect
to the daily operation times it is recommended to calculate the annual energy demands for two periods
each day:

¥ daytime operation: 6.00 — 18.00

¥ night-time operation :  18.00 — 6.00

Each air handling system will have an individual mix of daytime and night-time operation, depending on
the type and utilization of the building. Therefore it is necessary first to calculate the general cooling
energy demands for daytime operation (Qc 4) and night-time operation (Q¢ ,) and then to add those

figures to take into account the typical operation times of the system.

annual demand for cooling energy during daytime:

Introducing the following correlation factors for sensible and latent cooling during daytime:

Sensible cooling:

4380
CS,oa,d = Etoa,i (8.39)
1=1
4380
CS,sa,d = (tsa,i _1) (8.40)
i=1
4380
8.41
(CS,oa - CS,ea )d = E (toa,i _tea,i) ( )
where =
Csoad = sensible cooling correlation factor, outdoor air, daytime K-h/a
Cssad = sensible cooling correlation factor, supply air, daytime K-h/a
(Csoa-Csea)a = sensible cooling correlation factor, difference between outdoor air and extract
air, daytime K-h/a
toai = temperature of outdoor air at the hour i in |C
tsai = temperature of supply air at the houriin jC
teai = temperature of extract air at the houriin jC
The annual demand of sensible cooling energy during daytime operation can be calculated as:
n Lop, 8.42
Qcs.a =12 Mvavic "9y "Cp | Cs.0a,d = Cs sad — 700 (;B (Csoa = Csea )d ‘—4;‘;:) ( )
where
Qcsg = demand of annual sensible cooling energy, daytime in kWh/a
a, = air flow rate in m%s
Cp = specific heat of air in kd/kg'K
NvavHe = reduction factor in case of VAV
top.d = annual operation time during daytime from 6.00 to 18.00 in h/a
Csoad = correlation factors for sensible cooling during daytime, outdoor air in K-h/a
Cssad = correlation factors for sensible cooling during daytime, supply air in K-h/a
(Csoa-Csea)s = correlation factor for sensible cooling, difference between outdoor air and
extract air, daytime K-h/a
Nis = seasonal temperature ratio in %
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Note that the correlation factors for sensible cooling during daytime; Cs ., 4, Cssag @nd (Cs s - Csea)g are
depending on location of the AHU and on the supply air temperature scenario.

Latent cooling:

4380

CL,oa,d = Exoa,i (8.43)
=

4380 (8.44)
CL,sa,d = Exsa,i

i=1

4380 (8.45)
(CL,oa - CL,ea)d = 2 (Xoa,i _Xea,i)
where =1
Cload = latent cooling correlation factor, outdoor air, daytime K-h/a
Clsad = latent cooling correlation factor, supply air, daytime K-h/a
(CLoa-CLea)s = latent cooling correlation factor, difference between outdoor air and extract air,
daytime K-h/a
Xoai = moisture content of outdoor air at the hour i in jC
Xsai = moisture content of supply air at the hour i in jC
Xeai = moisture content of extract air at the hour i in jC
Xea, = Xga;+ 0.001
The annual demand of latent cooling energy during daytime operation can be calculated as:
t
Nx,s [o]oX

QcLa =12 "Mvavhc “Qv "2500 | Cpoag = Crsaa - m(CL,oa -Clea)d | 43deO (8.46)

WhGFSC’L,d = demand of annual latent cooling energy, daytime in kWh/a
ay = air flow rate in m%s
Cp = specific heat of air in kJ/kg-K
MNvAV.HC = reduction factor in case of VAV
top.d = annual operation time during daytime from 6.00 to 18.00 in h/a
Cload = correlation factors for latent cooling during daytime, outdoor air in K-h/a
Clsad = correlation factors for latent cooling during daytime, supply air in K-h/a

(CLoa-CLea)g = correlation factor for latent cooling, difference between outdoor air and extract

air, daytime K-h/a
Nys = seasonal humidity ratio in %

Note that the correlation factors for latent cooling during daytime; C, .4, C saq @nd (C oo —C\ ca)q are
dependent upon the location of the AHU and on the supply air temperature (moisture) scenario.

Annual demand for cooling energy during night-time:

Introducing the following correlation factors for sensible and latent cooling during night-time:
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Sensible cooling:

4380
CS,oa.n = zlaa,i
i=1

4380
CS, sanm Z &sa.l
1=

{Cs.oa - Cs.ea )n

(8.47)

-1) (8.48)
4380

= g(taa.i—tea.i) (8.49)

where

Cs san = sensible cooling correlatien factor, outdoor air, night-time K-hfa

Cssan = sensible cooling correlation factor, supply air, nighi-time K-h/a

{Ceoa - Cawadn = sensible cooling correlation factor, difference between outdoor air and extract

air, night-time K-h/a

toai = temperature of cutdoor air at the hour i in °C

teai = temperature of supply air at the hour i in °C

taai = temperature of extract air at the houriin °C
The annual demand of sensible cooling energy during night time operation can be calculated as:

My, =

Qesn 1.2 Nygyne "9y Gy '(Cs.oa.n -~ Csgan - 1&:3'(35.03 B CS,ea}n} ' 4;?[) (8. (8.50)
where

Qeen = demand of annual sensible cooling energy, night-time in kWh/fa

q, = air flow rate in mifs

Cp, = specific heat of air in kJ/kg-K

M e = reduction factor in case of VAV

toon = annual operation time during night-time from 18.00 to 6.00 in h/a

Csosa = correfation factors for sensible cooling during night-time, outdoor air in

K-hfa
Cssan = correlation factors for sensible cooling during night-time, supply air in

{Cs.na - Cs.ea)n

an =

K-hfa

= correlation factor for sensible cooling, difference between outdoor air and

extract air, night-time K-h/a
seasonal temperature ratio in %

Nete that the correlation factors for sensible ceoling during night-time; Cg ., o, Cs .0 and (Cs o, - Cseals
arg dependent upon the location of the AHU and on the supply air temperature scenario.

Latent cooling:

4330
CL,u-a,n = Zxoa.i
=1
4380
CL.oa.n = zxca.i
4::;30

CL,oa.n = Z Xoa, i
i=1

(8.51)

(8.52)

(8.53}
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Cloan = latent cooling correlation factor, outdoor air, night-time K-h/a

Clsan = latent cooling correlation factor, supply air, night-time K-h/a
(CLoa - CLea)n = latent cooling correlation factor, difference between outdoor air and extract air,

night-time K-h/a

Xoa,i = moisture content of outdoor air at the hour i in jC
Xgai = moisture content of supply air at the houriin jC

Xea, = moisture content of extract air at the houriin jC

Xeai = Xg; + 0.001

The annual demand of latent cooling energy during night time operation can be calculated as:

t

QC,L,n —1,2 T]VAV,HC qv 2500 CL,oa,n CL,sa,n 100 (CL,oa CL,ea)n 4380 (854)

where
Qcin = demand of annual latent cooling energy, night-time in kWh/a
a, = air flow rate in m%s
Cp = specific heat of air in kd/kg-K
NvavHe = reduction factor in case of VAV
topn = annual operation time during night-time from 18.00 to 6.00 in h/a
ClLoan = correlation factors for latent cooling during night-time, outdoor air in K-h/a
Clsan = correlation factors for latent cooling during night-time, supply air in K-h/a

(CLoa-CLea)n = correlation factor for latent cooling, difference between outdoor air and

extract air, night-time K-h/a
Ny,s = seasonal humidity ratio in %

Note that the correlation factors for latent cooling during daytime; C, .4, C saq @nd (C| oa —C\ ca)q are
dependent upon the location of the AHU and on the supply air temperature (moisture) scenario.

In Annex A the correlation factors for cooling Cs sa4; Cs 0ad; (Cs,0a—Cs ea)d; CLsa d; Croads (CLoa —Cuea)s;
Cssan Csoan (Csoa —Csean: CLsan Cloan and (CL,.—Cy ca)n @s a function of the supply air temperature
scenario are given for a number of European locations.

Total annual demand for cooling enerqgy:

The total annual demand for cooling energy is calculated by adding the annual demand during daytime
and during night-time:

Qc=Qcsg+QcLa +Qcsn +QcLn (8.55)
where

Qc = total demand of annual cooling energy in kWh/a

Qcs g = demand of annual sensible cooling energy, daytime in kWh/a

Qcrq = demand of annual latent cooling energy, daytime in kWh/a

Qcsn = demand of annual sensible cooling energy, night-time in kWh/a

Qcin = demand of annual latent cooling energy, night-time in kWh/a
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8.6 Calculation of the Annual Thermal Energy Consumption for Humidification

8.6.1 Assumptions for Calculation Procedures

ga
H . E
{exhaust air) @ heat;ng humidifier {extract ain
cot
oa sa
T ———
(outdoor airy A @ e

al !

D=

Figure 8.11 — Air Handling Unit assumed in the calculation of energy consumption for
humidification

For the caleulation of the annual consumption of thermal energy for humidification {Qhim). the
following assumptions have been made:
*  The thermal energy consumption is considered to be the expended energy to evaporate the water,
required to achieve the desired moisture content of the supply air during the humidification seasen.
The definition makes it irrelevant whether steam or water humidifiers are considered!
= The humidification season is defined by the hours during which the moisture content of the
outdoor air is below the set point for moisture content of the supply air.
+ The moisture production in the building
results inte a moisture gain in the extract
set point 1 ghkg — air of 1 grkg.
hurnidifier » For the standard calculation scheme the
following AHU configuration has been
taken as a basls:
The humidifier is located between the
heating cofl and the supply fan. A moist
ure recovery system (MRS, if applied) is
always located upstream the heating coil.
The performance of any moisture
0 % —» gky . recovery system is defined by
moisture content outdoor air : the seasonal moisture recovery
efiiciency n, ; as described in chapter 7.
« The meisture scenario for humidification is
based on a constant set point condition of the supply air during the humidification season.
In order to calculate the annual demand for thermal energy for humidification the moisture content
of the supply air shall he taken as a function of the moisture content of the outdoor air,
Moisture content of the extract air is always 1 g/kg higher than set point moisture content of
supply air.

& —p gikg
|
I
|

humidification stops
when X, > X,

maisture content indoor air

I 1}
I

Figure 8.12 - Humidification season

8.6.2 General Calculation of Annual Energy Demand for Humidification

The momentary (power)consumption of thermal energy for humidification is calculated with:

Prem = Mvay - Qv -p- 2500 'hxsa - % 0a }_';ITB(KEE - X0a ]] (8 56)
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w here

P mom = momentary thermal energy power demand in kW
MNvay = reduction factor for variable air volume system (VAV)
qy = air flow rate in m*/s

P = density of the air, established at 1,2 kg/m?

2500 = evaporation heat of water in kd/kg

Xsa = moisture content of the supply air in kg/kg dry air

Xoa = moisture content of the outdoor air in kg/kg dry air
Xea = moisture content of the extract air in kg/kg dry air

My = humidity ratio at considered condition in %

To establish the annual consumption of thermal energy for humidification, the total sum of the individual
energy demands for each hour of the reference year has to be computed, taking into account the annu-
al operation times of the air handling system during day time (t,, 5) and during night time (t,, ,):

4380 topd 4380 topn
Qhum =[ ;Pmom,d,i '1] 7380 * ( J;F’mom,n,j '1) 1380 (8.57)
where
Qhum = annual thermal energy consumption for humidification in kWh/a
P mom = momentary thermal energy power demand in kW
1 = timein h

Total annual costs for humidification:

The total annual energy costs for humidification (E,,,,) can be calculated as:
Ehum = Qhum @hum (858)

= total annual energy costs for humidification in €

= annual thermal energy consumption for humidification in kWh/a
Phum price for thermal energy for humidification, taking into account

system effects and efficiencies (see chapter7) [€/kWh]

m
=
c
3

|

[®)
=
c
3

|

8.6.3 CALCULATION METHODS

The calculation of annual energy demand for humidification can be done either by means of the soft-
ware program EUROVENT-AHU (see Annex C) or manually according to method below.

Accuracies: Manual method — 5 % in relation to software program.

Note that in case of moisture recovery the accuracies can not be specified.
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8.6.4 MANUAL CALCULATION PROCEDURE FOR ANNUAL HUMIDIFICATION
ENERGY DEMAND

To take into account the different frequency distributions of outdoor moisture content during day time
and night time it is recommended to calculate the annual energy demand for two periods a day:

¥ day time operation: 6.00 — 18.00

¥ night time operation : 18.00 — 6.00

The daily operation time is split up in periods falling into the specified day time operation and periods
falling into the night time operation.

Each air handling system will have a mix of daytime and night time operation, depending on the type
and utilization of the building. Therefore it is necessary to calculate separately the humidification energy
demands for daytime operation (Q,,,, ¢) and night-time operation (Qy,,,,) and then to sum those figures,
taking into account the corresponding operation times of the system.

Annual demand for thermal energy for humidification during daytime
To calculate the energy consumption on a yearly basis the following correlation factors for humidifica-
tion during the day time period (6.00 — 18.00) are introduced:

4380
¥Khum sad = sza,i (8.59)
=
i=4380
¥Khum oad = 21Xoa,i (8.60)
=
i=4380
¥Khum ead T era,i (8'61)
where |
Kiwumsad = correlation factor for humidification, supply air, daytime in kg/kg-h/a
Kiumoad = correlation factor for humidification, outdoor air, daytime in kg/kg-h/a
Kiwumead = correlation factor for humidification, difference between extract air and outdoor air,
daytime in kg/kg-h/a
Xsa,i = moisture content of supply air at the houriin jC
Xoa,i = moisture content of outdoor air at the hour i in jC
Xeai = moisture content of extract air at the houriin jC

The applied calculation rules to establish these cumulated figures are given in Annex B.
With these correlation factors, the annual demand of thermal energy for humidification during day time
operation can be calculated as:

Qnim,¢ = Myay "9y "p-2500- ‘khum sad ~ Khumoad )‘ %‘khum ead ~Knum oa,d) :;Lsdo (8.62)
where

Qhumg = annual thermal energy consumption for humidification during daytime in kWh/a

MNvav = reduction factor for variable air volume system (VAV)

a, = air flow rate in m%s

p = density of the air, established at 1,2 kg/m?

2500 = evaporation heat of water in kd/kg

Kiumsag = correlation factor supply air during day time in kg/kg-h/a (see Annex A)
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Khum oa,d
Khum ea,d
MNx,s

top,d

4380

= correlation factor outdoor air during day time in kg/kg-h/a (see Annex A)

= correlation factor extract air during day time in kg/kg-h/a (see Annex A)
= seasonal moisture recovery efficiency in %
= annual operation time of the air handling system during day time in h/a

= day time hours per year for continuous operation in h/a

Annual demand for thermal enerqy for humidification during night time

To calculate the energy consumption on a yearly basis the following correlation factors for humidifica-
tion during the night time period (18.00 — 6.00) are introduced:

Khum san =

Khum oa,n ~

Khum ea,n =

where
Khum,sa,n

Khum,oa,n

Khum,ea,n

Xsa,i

Xoa,i
Xea,i

i=4380
; Xsai (8.63)

i=4380
Xoa,i (8.64)

i=éllz180

Exea,i (8.65)

correlation factor for humidification, supply air, night-time in kg/kg-h/a

correlation factor for humidification, outdoor air, night-time in kg/kg-h/a
correlation factor for humidification, difference between extract air and outdoor
air, night-time in kg/kg-h/a

moisture content of supply air at the hour i in jC

moisture content of outdoor air at the hour i in jC

moisture content of extract air at the hour i in jC

The applied calculation rules to establish these cumulated figures are given in Annex B.
With these correlation factors, the annual demand of thermal energy for humidification during night time
operation can be calculated as:

t
N x, op,n
Qhum,n =Nyay Ay P -2500- khumsa,n - Khumoa,n )_ ﬁkhum ean Khum oa,n) ﬁ (866)
where
Qhumn = annual thermal energy consumption for humidification during night-time in kWh/a
MNvav = reduction factor for variable air volume system (VAV)
qy = air flow rate in m¥/s
p = density of the air, established at 1,2 kg/m?
2500 = evaporation heat of water in kd/kg
Kimsan = correlation factor supply air during night-time in kg/kg-h/a (see Annex A)
Khumoan = correlation factor outdoor air during night-time in kg/kg-h/a (see Annex A)
Kiumean = correlation factor extract air during night-time in kg/kg-h/a (see Annex A)
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Nxs = seasonal moisture recovery efficiency in %
topn = annual operation time of the air handling system during night-time in h/a
4380 = night-time hours per year for continuous operation in h/a

Total annual demand for thermal energy for humidification
The total annual demand for humidification is calculated by adding the annual demand during daytime
and during night time:

Qpym = Qhum,d + Qhum,n (8.67)
where

Onum = total annual demand for thermal energy for humidification in kWh/a

Onum,a = annual thermal energy consumption for humidification during daytime in kWh/a

Onum,n = annual thermal energy consumption for humidification during night-time in kWh/a

8.7 CALCULATION OF THE ANNUAL CONSUMPTION OF ELECTRICAL ENERGY

The devices, which consume a considerable amount of electrical energy in AHU are:
¥ electrical motors for the fans including speed control system (Pg)

¥ pumps for heat exchangers and humidifiers (P,)
¥ motors for rotary heat exchangers (Pgye)
¥ water treatment system (P, yreatment)

The chapters 4 to 7 provide detailed information on each single energy consumer.

The calculation of annual electrical energy and total costs can be done by means of the program
Eurovent-AHU, see Annex C
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