1.1

PERFORMANCES

The aims of models related to buildings and heatysjems are:

» to verify the ability of the equipments to providegivenlevel of comfortto the
building occupants

» to yield a completdeat balanceof the building and of its system in order to et
propose different energy saving strategies and waluate their financial and
environmental impacts.

1.1. Comfort

1.1.1 Air quality requirements

Air quality requirement is generally translatednaigsimum fresh air flow rate. A 30 m3/h.occ
minimum value is required as a standard for workeogsection.

Standard values are also established per squarer mkfloor area as function of room
occupancy:

e residential : 3.6 m3/h.m?
* individual office : 2.9 m3/h.m2

» shared office : 2.5 m3/h.m2
* meeting room : 8.6 m3/h.m?2
e conference room: 23 m3/h.m2
e restaurant: 11.5 m3/h.m2
» classroom: 8.6 m3/h.m2
* kindergarten: 10.1 m3/h.m?

A fast way to verify air quality is to compute hdoy hour the cumulated deficits of air flow
rate.

A more accurate way to estimate air quality isaitofv CO, as a tracer gas knowing the £0
flow rate from occupants, if contamination is mgidlue to occupants. The balance of
ventilation CQ flow rates is written as:

dM\dtaUcoz,in = Iv'(:OZ,vent,su,room - IVICOZ,vent,ex,room + MCOZ,occ

. _ MMCOZ o .

IVlCOZ,vent,su,room = MM ' (Ma,ex,supplyduct ' XCOZ,ex,suppIyduct + IVla,infiltr' XCOZ,out)
a

. _ MMcoz ' .

|v'COZ,vent,ex,room - MM ' (Ma,su,returnduct + IVla,exfiltr) ' xCOZ,ex,room
a

The CQ flow rate produced by occupants can be deducexd fineir metabolism:

Mc o2, peroccupant = 105x107" - Em
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Internal CQ production is expressed kg/sand occupant metabolisky, in W.
E,, = 100 W at rest

A room air balance performs the integration fromratial concentration in order to follow
the room CQindoor concentration:

1)
AMcozin = J. (dMdtaucozin ) dt

T

Vin _ MMcoz2

M .
AMco2,in va MM,

© (Xcozin — Xco2,in,init)

Molar masses of CO2 and air are:
MMco, = 44 [kglkmol] MM, = 29 [kg/kmol]

Considering one occupant produde85. 10° kgeods at rest and received m3/hfresh air at

300 ppm CQ@concentration, the room G@oncentration stabilizes 802 ppm which means
a difference 0692 ppmbetween indoor and outdoor air. Belgian standaBiNNEN 13779

defines four categories of indoor air qualities hwitorresponding levels of indoor O
concentrations compared to outdoor concentratiein [37]):

Table 1.1: Indoor air quality classes as functidngpm CQ concentration
(NBN EN 13779 - Tables 8 and 9)

Difference ofppmCQO, concentration
Category Description between indoor and outdoor air
Range Default value
IDAL Excellent indoor air quality < 400 350
IDA2 Medium indoor air quality 400 — 600 500
IDA3 Moderate indoor air quality 600 — 1000 800
IDA4 Low indoor air quality > 1000 1200

1.1.2 Predicted Mean Vote

The Predicted Mean Vote Method (PMV) is correlatedhe thermal loadversusthermal
insulationimposed to the human body (ref. [41]):

L= Qm - Qa (1.1)

L: Thermal imbalance of the human boaty
Q... Fraction of metabolism not converted in work imat should be dissipated as héht

Q,: Heat flow dissipated to ambiance in comfort dbads through breathing process and
skin superficial heat exchanyé

The heat flows),, andQ, can be estimated through the following expressions

Qm = (1 - n)-Em Qa = HR+Hpersp + steat + ch + Qrad + Qconv (1-2)
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E,: Metabolismw

n: Mechanical efficiency

Hp:  Enthalpy taken away by the breathing\&ir
Hpersp: Perspiration i.e. steam diffusion through sWin

Hgyeqr: SWeating steam diffusiow
Q. : Heat flow through clothingVv
Q,qq: Radiation heat exchange with ambia¥é¢e

Q.onv: Convection heat exchange with ambia¢e

The Predicted Mean Vote Method (PMV) is computed as

PMV = C.— with € = 0.303.exp (—0.037.E—m) +0.0275 (1.3)
Ask Ask

Agr: Skin arean?
C: Occupansusceptibility

A Predicted Percentage of Dissatisfied (PPD) candkeduced assuming a Gaussian
distribution of individual votes (V) around the PMWith a standard deviatiom=1.
Discomfort is defined as |\R.

PPD = 100 — 95.exp(—0.2179.|PMV|* — 0.03353.|PMV|*)

The Predicted Mean Vote criterion involves a corldescription of air parameters
including temperature, relative humidity and aiesg.

1.1.3 Discomfort degree-days

Another comfort criteria is provided by computingsabmfort degree-days. Those are
obtained by adding the hour by hour degree dayslisfomfort, the computation being
performed only during the time periods where comifrequired:

I (fcomfort.profile - Max (tsetocc — tin, 0)) dt

Tinital

discomfortyq heat =

3600
(1.4)
feomfort, profile: Factor equal td when comfort is required, and @owvhen it isn’'t
tsetocc Set point temperature during occupancy petiod
tin: Indoor temperaturdC
T Time expressed i

Discomfort degree-hours can be evaluated only éattihg (1.4) and similarly for cooling. As
an order of magnitude, in Belgium, air conditioniilsgconsidered as necessary to achieve
summer comfort in residential buildings if coolidggree-hours exceed 17500 K.h/year (ref.
[43], Annexel “Méthode de détermination du nivealcdnsommation d’énergie primaire des
batiments résidentiels”,88.2, p 27722).
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Discomfort degree-days only involve air temperaaggarameter; they don’t account for air
humidity and air speed.

1.1.4 Air humidity requirements
Air humidity requirement is generally translated aaselative humidity ranging from 40 to

60%. The balance of air humidity flow rates canogten similarly to that of ventilation CO
flow rates:

] Ld L]
dM\dtan,in = IV'w,vent,su,room - Mw,vent,ex,room + IV'w,occ
Mw,vent,su,room = Ma,ex,supplyduct ' Wex,supplyduct + I\/Iw,infiltr + IVla,infiltr' Wout
Mw,vent,ex,room = ( Ma,su,returnduct + Ma,exfiltr) ' Wex,room

The water flow rate produced by occupants can beak from their metabolism:

\ \ Em - I.Em,o
Mw,peroccupant = Myo + 044 - | ————— 7
25x10

Occupant water production is expressekigfsand occupant metabolism VM.
Emo=100W M, ,=8.10"°kg/s atrest.

A room air balance performs the integration fromratial concentration in order to follow
the room indoor water mass:

T
AMun = | (dMdtauy, ) dt

T

AMwin = Fwin © Vin - Pa - (Wih - Win,l)

Fw.in is a fictitious surcharge of indoor moisture catyaevith a default valué,, i, =5, taking
into account the lack of homogeneity if indoor ntaie in a room.

Indoor relative humidity can be deduced directly:

R LI
w,in atm 0.622 + Wi,
e = exp| 17438 - tain + 6.4147
w,s,in p ' 239.78 + tyin .
RHin — pW,In

pw,s,in
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A comfort index related to humidity level requiremieould be simply built by adding the
number of hours when the relative humidity is exise@0 % or is lower than 40 %.

1.2. Energy Consumptions, CO, emissions and Cost

1.2.1 Net Energy Demand and Net Energy Consumption

The Energy Demand of a building is currently digtirshed from the Energy Consumption
incurred by its system. The ratio of those quastityields the system efficiency or the
coefficient of performance, depending on the préiducsystem:

Energy Demand Energy Demand

COP =

- Energy Consumption

n= (1.5)

- Energy Consumption

1.2.2 Primary Energy Consumption and CO, emissions

The energy consumptions of a building are trandlat& primary energy consumptionby
adding the supplementary energy necessary to peodnd transport the energy provided to
the building. The following factors are used tofpen that conversion:

Table 1.2: Conversion factor for primary energy somption estimation (ref [43], chapter
11, Art. 11, p 2768).

Energy Conversion factor
Fossil fuel 1

Electricity 2.5

Cogeneration electricity 1.8

Biomass 1

The energy consumptions of a building can alsadrestated in terms of carbon dioxide
emission through the following coefficients:

Table 1.3: CQ coefficient for estimation of carbon dioxide enusgqref [45])

Energy CO, coefficient
Natural gas 0.056 kg/MJ
Electricity 0.198

Fuel oil 0.073

Propane 0.062

Butane 0.062

Liquified Petroleum Gas 0.062

Coal 0.093

Wood 0
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1.2.3 Energy Cost

Energy cost is related to energy consumption.

Table 1.4: Energy consumption costs (February 2060&f,[44])

1.6

Electricity Rate : 0.12 €/kWh Fee: 58.00 €/an
Natural gas Rate : 0.05 €/kWh Fee: 126.24 €/an
Fuel Rate : 0.52 €/

Propane Rate : 0.47 €/I

Butane Rate : 1.36 €/kg

Liquified Petroleum Gas Rate : 0.40 €/

Coal Rate : 0.32 €/kg

Wood billets Rate : 50 €/stere

Wood pellets Rate : 0.22 €/kg

For electricity, energy cost is an average valwdugting low electricity rate that occurs on
week-ends and from 10 PM till 7 AM for ordinary dayl'he cost of energy consumption
should be added to the cost of peak power requimgnb®th depending on the time of the
day, high rate occurring during the day time and tate during the night time and week-

ends.
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