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Introduction

A growth of energy consumption in building sector is like a force to consider and estimate energy loads of buildings in the best possible way.
There are several cooling load calculation methods and approaches what are used but still there are not useful cooling load calculation methods
for Latvia. Local climatic conditions are essential parameters for buildings because the overall energy consumption in buildings interdependent
on climatic conditions. The main building cooling load components are: solar radiation transmission load, ventilation and infiltration load and
internal load. Prediction of hour cooling load in a building is fundamental for the optimal cost and energy use reduction.

Principles of cooling load calculation method

The efficient use and conservation of energy requires accurate predictions of energy consumption. This cooling load calculation method is based
on the Latvian standard LVS EN 15255:2007 “Thermal performance of buildings — Sensible room cooling load calculation — General criteria and
validation procedures” (identical to European standard EN 15255:2007) [0]. This standard sets out the level of input and output data, and
prescribes the boundary conditions required for a calculation method of the sensible cooling load of a single room under constant and/or floating
temperature taking into account the limit of the peak cooling load of the system. It includes a classification scheme of the calculation method and
the criteria to be met by a calculation.

In addition to draw out the calculation method was used also Latvian standard LVS EN 15265:2007 “Thermal performance of buildings —
Calculation of energy needs for space heating and cooling using dynamic methods — General criteria and validation procedures” for some
assumptions and basic information, for example, the energy flow in building (Figure 1.)
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Figure 1. Energy flow in building based on Latvian standard LVS EN 15265:2007

The cooling load calculation method is based on a network of resistances and capacity (HC three-node model) of the heat transfers between the
internal and external environment (Figure 2.). This calculation model is based on the simplification of the heat transfer between the internal and
external environment.

The method must provide complex thermal analysis of buildings and integrated (systemic) different heat transfer mechanisms interacting in a
complex manner [2].

The relevant nodes are defined related to internal air temperature (®;), star temperature (®;), mass temperature (®,,), external air temperature (®,)
and equivalent external sol-air temperature of external components (@, Ocn). The equivalent conductances H [W/K] and heat capacity C [J/K]
between the internal and the external environment are thermal conductance due to air ventilation (Hy), thermal conductances of external
components between outside and inside (Hes, Hem), thermal conductances corresponding to the heat exchange between the internal surfuces and
the internal air (Hjs, Hys), heat capacity of the enclosure elements (C,,) and the equivalent thermal mass area (A,,). The heat flows [W] are heat
flow to ®; node (®;), heat flow to @ node (®s) and heat flow to O, node (D).

The results (output data) of the calculation are hourly values of the room cooling load (P, [W]), the internal air temperature (®;, [°C]) and
operative temperature (O, [°C]).

The calculation consider number of assumptions as a minimum requirements, for example, ®; is uniform throughout the room, the long-wave
radiative and the convective heat transfer at the internal surface of each component are treated separately, thermal bridges are treaded by steady
state calculation etc.
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Figure 2. Cooling load calculation network []

The calculation of the internal temperatures and required cooling power is based on (1) the calculation of the room behaviour for a given time
step, the internal room temperature is a function of the applied cooling power and (2) the cooling system behaviour through its control device, the
applied cooling power is linked to the internal room temperature. The combination of both enables the calculation of the internal temperatures
and actual cooling power for each time step.

Accurate cooling load prediction in a building include adjusting the starting time of cooling to meet start-up loads, minimizing or limiting the
energy on-peak demand, energy and cost optimization [3].

Validation of cooling load calculation method

This process was started with a literature revision and analytical verification of method algorithm. Validation procedure includes the complying
with maximum simplification allowed in this standard under cyclic conditions for several cases and comparison of the calculated values with
those. This procedure check the room sensible heat balance model, taking account the internal, external surface and air heat balances, the
conduction through the building envelope, the effect of the thermal mass of the structure and the heat balance solution method.

The investigated method complies with this standard if each of the following three conditions is fulfilled using equations (1), (2) and (3).

abs(0,, )<0.5K (1)
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Where abs is the absolute value, 4

op,max,ref
and P, . is average reference cooling power [W].

Verification of developed cooling load calculation method using validation procedure show almost sensitive results, it is method is valid and
plenty accurate. Only in equation (1) the result was not equal or less 0.5 K, but 0.9 K.

is maximum reference operative temperature [°C], P, ..ris maximum reference cooling power [W]

ax,ref

Reference room

The internal dimensions of the reference room are: length 3.6 m, depth 5.5m, height 2.8 m. The external wall including glazing is exposed to the
West. The window frame fraction is assumed to be zero. Thermal transmittance of the glazing system U, = 2.69 W/(m*K) and total solar energy
transmittance (solar factor) S¢ = 0.77. For opaque components solar absorption of all external wall surface oy, = 0.6. All thermophysical
properties of the opaque components of reference room, included all layers, external radiant temperature is assumed to be equal to external air
temperature ©..
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Table 1.
Basic information about reference room

Components/ Characteristic/Parameters/Notes
Elements
Convective 20 W/m2
Internal gains Radiative 30 W/m2
From 08:00 to 18:00
Ventilation 0 air changes per hour of air at external temperature
Glazing With/without external shade
system
External/intern Layer thickness d, [m]
al walls Thermal conductance A, [W/(m*K)]
Ceiling Density p, [kg/m’]
Floor Specific heat capacity of air at constant pressure c,, [J/(kg'K)]
. The evolution during an hour is assumed to be linear between
Climatic data .
the previous and subsequent hour.

Approbation of cooling calculation method

Investigated cooling load calculation method with climatic data of Latvia and all parameters of reference room from standard was approbated in
several ways. Climatic data for location include hourly external air temperature, the intensity of solar radiation (direct normal, diffuse horizontal
and reflected component of the solar radiation reaching the surface) and the external radiant temperature (sky and surrounding). Implementations
of method allow making cooling load curve, cooling daily load curve (Figure 3.) and cooling load-duration curve.

For method work out platform was used MS Excel applications. The calculation method consists of several main blocks: parameters of building,
specific thermal conductances and coefficients, heat gains, heat flows and temperatures.

Relative daily (24h) cooling load curve

‘ m Relative daily (24h) cooling load

Relative cooling load
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Figure 3. Relative daily cooling load curve
Assumptions of cooling season based on fact that cooling appliances are needed to keep the indoor temperatures at specified levels (internal air

temperature) but length of the cooling season differs substantially from country to country and from region to region, basically for Latvia was
taken period from middle of March till middle of September.

Conclusion

In this paper, the application of the cooling load calculation based on standard is proposed and approved using Latvia climate conditions and
data. The preliminary results show that method is useful and need to be investigated further. This method can be used to preventive cooling load
of rooms or buildings and result draw on preventive load curve for further estimation related with cooling systems design to employ climatic data
of Latvia. Validation procedure shows that investigated cooling load calculation method is valid and plenty accurate.
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Jaunzems D., Veidenbergs I. Ekas aukstuma slodzes aprékina metodikas izstrade un parbaude Latvijas klimatiskajiem apstikliem

Preciza un reala ékas aukstuma slodzes noteiksana konkrétos klimata apstakjos ir nozimiga, nosakot nepiecieSamos ar aukstuma iekartam un sistemam saistitos parametrus.
Izstradatd aukstuma slodzes aprékinu metode ir balstita uz standartu LVS EN 15255:2007 “Eku energoefektivitate. Sajiitamas telpu dzeséSanas slodzes rékinasana.
Visparigie kritériji un validesana”, kas nosaka Sts aprékinu metodes galvenos obligatos pienémumus, kritérijus un validacijas procediiras. Ar izstradatas metodes palidzibu
var iegiit izejas datus, kas raksturo ékas vai telpas ikstundas maksimalo aukstuma slodzi un darba temperatiiras. Aprékinos tiek izmantoti Latvijas klimata dati (Saules
starojums, argaisa temperatiras u.c.). Aprékinu metodikas izejas dati dod iespéju konstruét konkrétas ékas vai telpas aukstuma slodzu diagrammas gan diennakts, gan ari
visas dzeseSanas sezonas griezumd. Izstradata aprékinu metode ir aprobéta un [auj turpmak veikt nepieciesamos éku vai telpu aukstuma slodzes aprékinus, ka ari noteikt
nepieciesamos dzesésanas iekartu un sistemu parametrus.

Jaunzems D. Veidenbergs 1. Development and verification of method for building cooling load calculation for Latvian climate conditions

Accurate and real cooling load prediction in specified climatic conditions is essential for further determination of required cooling equipment and systems parameters.
Developed cooling load calculation method is based on the standard LVS EN 155255:2007 “Thermal performance of buildings — Sensible room cooling load calculation —
General criteria and validation procedures”, which define general assumptions, criterions and validation procedures. Using this investigated method it is possible to get data
that characterize and result the hourly values of the building or room cooling load and operative temperatures. The climate conditions of Latvia (solar radiation, external air
temperature etc.) are used for calculations. The results of the calculation method make it possible to construct daily or cooling season cooling load curves for specific
buildings or rooms. This investigated calculation method is approved and allows necessary cooling load calculations and define required parameters of cooling equipment
and systems.

Aynzemc /I., Beuoenoepec H. Pazpabomka u anpooayus Memoouxu 01 pacuéma Hazpy3Ku oXaaxcoenus 30anuil 6 Kiumamuueckux ycnosusx Jlameuu

Onpedenenue MoOUHOU U peanbHOl XOIOOUNLHOU HASPY3KU 68 KOHKPEMHbIX KIUMAMUYECKUX VCAOBUAX BANCHO 0N ONpeoeleHUs napamempos, CE8A3aHHLIX C XOA0OUTbHbIM
obopyodosanuem u cucmemamu. Paspabomannas memoouxa pacuéma Xol00uibHOU Hazpysku ochosana Ha cmanoapme LVS EN 15255:2007 “Ouepzosgpgpexmusnocms
30anui. Pacuém owyymumou xonoounvhoil Hacpysku 6 nomewenuu. Obwue Kpumepuu u npogepka 0ocmosepHocmu’”, 8 KOMOPOM YKA3aHbl 2ld6Hble 0053amenbHble
NPeononodCcenUs, Kpumepuu u npoyeoypvl NPogepKu 00cmosepHocmu 0 0annou memoouxu. C nomowwpio paspabomanHHou MemoouKu MONCHO ONpedeums U Nowy4ums
BbIXOOHBIE OaHHble, XAPaAKmMepu3yiowue no4aco8yIo MAKCUMAIbHYIO XOJ0OUIbHYIO HASPY3KY 6 OQHHOM HOMeWeHUuY Ui 30anuu u pabouue memnepamypel. B pacuémax ovLiu
ucnonv3ogamsl Jlameulickue Kiumamuyeckue OaHHble (CONHEUHOe U3IYYeHue, GHEeWHss memnepamypa u np.).Bvixoouvle OanHble 0aAIOM BO3MONCHOCMb C030A6aMb
ouazpammuvl X0I00UNbHBIX HAZPY30K O/ KOHKDEMHbIX NOMeWeHUtl Uiy 30aHull N0 CYMOYHbLIM OAHHBIM UIU OISl 6Ce20 ce30Ha oxaadicoenus. Paspabomannas memoouxa
anpobuposana u 0aém 603MOACHOCHbL NPOBEOCHUS OANbHEUMUX PACUEMO8 XON0OUNLHOU HApY3KU O 30aHUll Ulu NOMEeWweHull, a makadice onpeoeisimsv HeobXooumbie
napamemput 015 X0100UTbHO20 000PYO0BAHUSL U CUCEM.
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