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Abstract

Because of their low cost, small air conditioning systems (AC) like split air conditioning systems are often installed
without a proper study of building envelope performance. Furthermore, these systems are sometimes installed by
tradesmen who neglect to comply with the appropriate rules and regulations. Finally, when routine maintenance is not
rigorously carried out (as so often happens), the energetic performance of the system is compromised over time. This
article presents a practical, global approach to diagnose the performance of existing small air-conditioning
installations in buildings applied in Reunion Island. This tropical Island aspires to become electricity self-sufficient..
This approach relies on a numerical tool and dynamic simulations of buildings equipped with AC. The simulations,
which take account of the building envelope, a description of the system as well as the practices of the users, are
based on the kernel calculation EnergyPlus. They also take into account the climatic conditions and provide an
estimate of the annual electricity consumption related to the cooling of the zone. This global analysis helps to qualify
the entire system by assigning an energy label. In addition to the tool, a diagnostic procedure is proposed, helping an
auditor defining guidance to improve the building envelope and to install and maintain the system.

© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Applied Energy Innovation Institute
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1. Introduction

Buildings account for over 42% of consumption of final energy [1] in France and between 20 and 40%
in other developed countries. Perez Lombard [2] reports that the share of HVAC system for heating,
ventilation and air conditioning has now become the largest energy end use in the residential and non-
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residential sector. Wong [3] estimates that its represents one third of the total energy consumption for
residential housings in Hong Kong. Improving the design of buildings and of the AC systems in order to
reduce cooling loads is the subject of a great deal of research in southern hemisphere tropical climates. A
large body of expertise has evolved, especially in respect to French overseas departments, like Reunion
Island [4], [5]. As a result of this work, specific recommendations to design buildings adapted to the
tropical climate have been established. The PERENE tool [6], was established in 2004 and modified in
2009. Its application was not mandatory. The first thermal regulation for overseas departments, called
RTAADOM, was published in 2009 [7]. Reunion Island as many isolated areas, is faced with specific
energy issues. Residential and small commercial buildings are almost exclusively equipped with small air
conditioning units. Small room air conditioning units (RAC) are freely available for purchase in shops and
in most cases, few regulations control their installation. In the European country attempts have been made
to define global procedures to rate and label buildings and/or their components [8] [9] [10] [11] as well as
in the US [12], [13]. Beside comprehensive energy assessment performance methodologies dedicated to
large buildings like those developed by Richalet [14], Zmeureanu [15], Siaw Eang [16], there is a need for
a specific methods, dedicated to small housing or offices equipped with room air conditioners. The
challenge is to develop a method allowing the audit of small office buildings which are mostly equipped
with split system. This paper presents a pragmatic and combined approach for the labeling and for the
improving of existing buildings based on a noncommercial numerical tool. It was developed for tropical
territories in the southern hemisphere where only space cooling is necessary in buildings. It is based on
hourly dynamic simulations over a period of one year but with a specific simplified interface, that helps
the auditor describing the installation and the building in a very short time. Although the time to complete
the installation description is short, the results proposed are sufficiently comprehensive to guide the
auditor to improve the installation. The specificity of this approach is that the duration of the audit is
shortened in order to reduce its cost. The aim is to make the auditing cost consistent with the cost of the
room air conditioner, which is very low. For the audits be undertaken on a significant scale and in a short
time, it must remain simple in its implementation and involve the use of computer programs.

2. The simulation tool
2.1. Input and output

The main objective of the simulation program is to establish a rapid but global diagnostic of air
conditioners and of the building envelope. The program also helps to determine the size of the system
needed by considering the premise’s thermal loads and evaluating the optimum cooling power required.
This program is based on the EnergyPlus simulation code [17], which provides the simulation core. A
graphical interface allows the rapid entry of input variables as well as the display of the generated output.
Since the simulation program is pitched at auditing premises with a small air conditioning unit such as a
split system type, the building studied is considered as a single thermal zone. The software architecture is
as follows:

o A user interface for entering parameters to define the building and the system characteristics (Fig 1).
To perform a fast audit, the building description must be simplified. Therefore, many input data are
predefined in the software according to the most common construction methods used in Reunion
Island. This interface allows the description of all characteristics of the building envelop (roof, walls,
windows) including the solar protection for walls and windows, the internal sensible and latent loads
(lighting, equipment, peoples...), the ventilation devices, the infiltration of air inside the building, and
of course all the characteristics related to the air conditioning system (power, efficiency ratio, set point
temperature, implementation, maintenance procedure...).
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¢ An interface for viewing the simulation results (Fig 1). The output values of the software are of three
types: Energy labels for classifying from A to F the main features of the facility, the rating for each of
the walls and windows, the level of infiltration and the global label to qualify the overall building
envelope. Some numerical output values are proposed to the auditor, ¢.g. maximum inside
temperatures, optimum cooling capacities, EER and solar factor calculated by EnergyPlus, average
power consumption, etc. It also possible editing hour by hour evolutions of the figures characterizing
inside and outside conditions of the room, provided in a “.CSV” file.

e A core calculation which performs a first "design run", to determine the required cooling capacity on a
specific weather data file characteristic of a hot summer day. The second simulation run is performed
on an annual weather data file in order to evaluate the overall performance of the installation with its
electricity consumption, its Energy Efficiency Ratio (EER), its Seasonal Energy Efficiency Ratio
(SEER) using the reference to the Eurovent certification of air conditioning systems [18], etc.

While the program is designed to evaluate the behaviour of an air-conditioned room, it also allows the

simulation of buildings operating without air conditioning system.
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Fig. 1. Main tabs of the user interface. (From the top left to bottom right: site location and climate tab, building geometry
description tab, building components description tab, solar protections description tab, HVAC system description tab, output tab)

2.2. Envelop labelling

The determination of target values for the qualification of the envelope relies on the definition of the solar
factor for windows and walls. This indicator is relevant in tropical climates because it takes into account
both the long wave and short wave thermal fluxes. Solar factor can be estimate in steady state with the
formula for walls or windows provided in the Perene tool [19]. It can be also evaluated from dynamic
calculation of thermal fluxes provided by Energyplus. Thus, the solar factors are obtained when dividing
transmitted fluxes through a wall by the incident radiation on this wall. The target values to assign a label
and to define the quality of the walls and the windows expressed by the solar factor depend on the
orientation of the wall. The targets to allocate the label of a wall are set out in the table 1 and defined
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according to the values of solar factor reported in the Perene tool [19] and the thermal regulation for
French overseas territories RTAAdom [7].

Table 1: Solar factor F for envelop components

Roof wall window
North, west, South North West East South Label
east
F<0.012 F<0.045 F<0.06 F<0.225 F<0.15 F<0.15 F<0.30 A

0.012<F<0.015 0.045<F<0.06 0.06<F<0.08 0.225<F<0.3 0.15<F<0.2 0.15<F<0.2 0.30<F<04 B

0.015<F<0.02 0.06<F<0.075 0.08<F<0.1 03<F<0.375 02<F<0.25 02<F<025 04<F<0.5

0.03<F<0.04 0.09<F<0.12 0.1<F<0.16 0.45<F<0.6 03<F<04 03<F<04 0.6<F<0.8

C
0.02<F<0.03 0.075<F<0.09 0.1<F<0.12 0.375<F<045 0.25<F<0.3 0.25<F<03 0.5<F<0.6 D
E

0.04 <F 0.12<F 0.16<F 0.6<F 0.4<F 04<F 0.8<F F

Table 3, given below, provides the classification of windows related to air infiltration and air infiltration
flow rate in m3/h/m? of opening according to COSTIC recommendations for island area [20]. The
computer program assigns a label to each component of the building envelope. It also determines an
overall mark for the whole envelope by comparing the building in question to a reference building. This
reference building has the same geometry as the actual one but is given a label A for all its walls and
windows. For example, the solar factor for the roof of the reference building is 0.012. It is 0.045 for the
north, west and east walls and 0.06 for the south wall. The program calculates the energy transmitted by
the walls Qref, for the reference building following the equation (1) and the energy Q transferred through
the walls of the actual building. The label is assigned by reference to table 3.

0, =0.012-8, +0.045-(S, .y +S,uy +Syurs) +0.06- 8,5 +
0.225-S +0.15-(S +8,.  )+03-8

window S
Beside the label, a global grade expressed as a percentage is provided to the auditor to evaluate precisely
the global quality of the envelope:

Global envelope grade=(0-0,,,)/0,., 2)

)

window N window W

2.3. Air conditioning split system labeling

Several labels are needed to properly describe a split system:

e A “system label” to qualify the choice of a particular system among the models on the market.

e A “sizing label” to indicate whether the installed cooling capacity is matched to zone requirements.

¢ A “maintenance label" to indicate the quality and frequency of scheduled maintenance.

These labels are meant to indicate the performance of the RAC in the actual operating conditions, taking
into account all the factors that could degrade the performance. Usually, this evaluation operates in two
steps. The first is to determine the value of the EER that reflects the instantaneous system efficiency at
full load. The EER value for the system can be determined using the manufacturer data or the Eurovent
certification [18]. To establish the label, the auditor must use the value established by Eurovent called
EER yovent and not the value from the manufacturer. The second step is to consider the partial-load
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operation by multiplying the EER by the Part Load Factor (PLF) [21]. The PLF is deducted from the Part
Load Ratio (PLR) defined as the ratio of the building thermal load to the HVAC system full cooling
capacity [22]. The Seasonal Energy Efficiency Ratio (SEER) was introduced to reflect the influence of
changes in external conditions on the behaviour of different types of HVAC systems. For European
weather conditions, Adnot [23] established a specific factor: the European Seasonal Energy Efficiency
Ratio (ESEER). However, an air conditioning system operating in a real building sees its performance
affected by other factors. The diagnostic program introduces a coefficient K1 qualifying maintenance and
influencing the seasonal performances. The value of the EER used to determine the “system label" is
set out in Table 3 below, using the coefficient K2 which takes into account the implementation (equation
(3)). Tables 2 and 3 give the values for K2 and K1 respectively. The system classification is based the
EERy, value and refers to the Eurovent classification. A difference of 0.2 between the class limits of the
tool and Eurovent is introduced to promote more efficient systems. The target values for the auditing tool
and from the Eurovent certification appear in the table 3. The model of the air conditioning system
evaluates the performance degradation of the split system, depending on sizing and operating conditions.
The diagnostic program adjusts this estimation by computing a particular value of the SEER designated
by SEER ,iculated> t0 account for the maintenance and installation. It also determines the cooling capacity
required when the thermal zone is maintained at the specified set-point temperature during the use of air
conditioning. This cooling capacity required, calculated by Energylplus, correspond to the maximal value
of the building cooling load observed during the “design run”. The software infers the required electrical
power relative to the required cooling capacity. Electrical power is calculated by dividing the required
cooling capacity by the value of the energy efficiency ratio of the system when the electrical power is
required. This specific value of the EER is estimate by the SEERcuired- The calculation of the electrical
power introduces also the coefficients K1 and K2, i.e.

Qmoljreq
K,-K, - SEER

Qmol,unmm/

Kl ' KZ ! SEERcalculared (3) (4) (5)

The annual electrical energy is calculated from the annual cooling energy delivered in the thermal zone
and the SEER jculated Value determined by EnergyPlus using the formula (5). The size or capacity of the
system is evaluated by comparing the actual cooling capacity installed with the required cooling capacity
assessed by the software. A difference lower than 30% between these two values provides access to the
label A. The classification proposed in table 3 has been elaborated empirically for this project considering
the available power range of RAC on the market. Beside the label, a grade, expressed as a percentage, is
provided to the auditor to evaluate precisely the AC system sizing. The sizing grade is:

SiZing gmde = (Qcool,inslalled - Qcool,req )/Qcool,req (6)

The quality of the maintenance contract affects the “maintenance label" and results in performance
degradation for the RAC through the coefficient K1. Few data are available to assess the impact of
fouling on energy performance of air conditioners. Therefore specific experiments were carried out for
this study. The Table 3, giving the values for K1, is based on these experiments carried out in Reunion
Island on different sizes, models, operating conditions and maintenance procedures during 18 month. This
work will be published soon. This study tested the following maintenance procedure:

e Type 1 : Specific Opticlim contract (with heat exchanger water jet washing)

e Type 2 : Comprehensive annual maintenance and regular cleaning of filters

e Type 3 : "Light" maintenance : annual recharge of refrigerant, no control, no filter cleaning

e Type 4 : No maintenance

Qe/ec,annuul -

EER,, =K, - EER

Eurovent Qelec,req -
calculated
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The quality of the HVAC system installation, including the length of refrigerant line between the outdoor
unit and indoor unit, the insulation of the refrigerant line and the ventilation of the outdoor unit, also has a
significant influence. The coefficient K2 which account for these parameters is affected as seen in Table 2.

Table 2: Figures for K2

Refrigerant line insulation With Without (or degraded)
Good ventilation of outdoor unit yes no yes no
Refrigerant line lenght Coefficient K2 values
<5m 1 0.97 0.93 0.91
5to 10 m 0.97 0.96 0.86 0.83
10to 15 m 0.96 0.95 0.79 0.74
15t020 m 0.95 0.93 0.73 0.65
20to25m 0.93 0.91 0.61 0.54
25t030 m 0.92 0.9 0.49 0.43
>30m 0.80 0.7 0.45 0.40

Table 3: Classification and label for windows, infiltration, envelop, systems and maintenance

Windows and infiltration envelop System label Maintenance System sizing Label
label
Air Flow Joinery Value of | Referenc | Eurovent | Type K1 References
tightness | rates types Q es label
i < < < ’ ’
A3 1.2 Clgsmﬁed Q<13 34<EER | 3.2<EER 1 1 Qcoa/,[nslalled < 1.3Qwalﬂq A
windows Qref sys sys
A2 3 Classified 1.3Qref< | 3.2<EER | 3.0<EER 2 092 | 1.30 <C ) B
windows Q<1.7QT sys< 34 SyS<3.2 Qcaal,req ) Qcaol,mstalled
ef < 1'5Qcaol,req
Al 7 Clgsmﬁed 1.7 Qref | 3.0<EER | 2.8<EER 3 0.85 1. 5anl)req < chl)l_mm”ed C
windows < Q< sys<3.2 8ys<3.0 .
2.3 Qref < 1‘7anol,req
A0 15 q11d1ng 2.3Qref< | 2.8<EER | 2.6<EER 4 0.75 1.7Qm,’req < Qmol,in.vmlled D
windows Q<3Qref 8ys<3.0 sys<2.8 .
< 19 X Qcanl,req
Not 25 Louvers 3Qref<Q | 2.6<EER | 2.4<EER : 19 2 E
defined <4Qref sys<2.8 8ys<2.6 Qcool,inxtalled > 1. Qcool,req
4Qref>Q | 2.4<EER | 2.2<EER F
8ys<2.6 sys<2.4
EERsys EERsys< G
<2.4 22

3. Methodology of implementation

The energy audits of existing premises equipped with split system air conditioning supposes a Public

Information Program This program includes dissemination actions to promote this approach to the public,
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to owners and to potential energy auditors, as well as training programs for the energy auditors. A French
public body supports financial costs of this approach in order to promote the demand side management on
the territory. First of all, the public body funded the development of the tool and the dissemination
program including the training sessions. It also proposes financial support for the audit phase. The audit
of one building is charged 2000 euros by the auditor. The support provided by the public body is fifty
percent of the cost for private building owners and seventy percent for public building owners. This cost
is consistent with the study reported by Rhodes of a large energy audit performed on homes in Texas [24].

4. Conclusion

The process of diagnosing small air conditioning installations as presented in this paper proposes a
performance assessment of building equipped with small room air conditioners. This approach is based on
a dynamic simulation tool, which provides figures and label guiding the auditor to reduce energy
consumption of a building. The thermal description of a zone is simplified thanks a dedicated interface
and the time for the simulation over a one-year period is less than forty seconds. The figures help the
auditor quantifying the performances improvement between the actual and the modified building. The
labels are intended to provide to the owner, simple information on the energy quality of his building. The
implementation of the tool on real case buildings have shown that the prediction of the energy
consumption provided by the audit is in good agreement with the experimental measurements and with
the electricity utility bills. Audits of existing building highlight that some improvement may be
implemented, leading to an average reduction of 20% of the energy consumption.

Nomenclature
o : absorptivity of material [-]
cm : coefficient of reduction to account of solar protection [-]
EER : energy efficiency ratio [-]
ESEER : European seasonal energy efficiency ratio [-]
F : Solar factor [-]
K1 : coefficient taking into account the maintenance of the air conditioning system [-]
K2 : coefficient taking into account the implementation of the air conditioning system [-]
PLF: Part load factor [-]
PLR : Part load ratio [-]
: energy [J]
: power [W]
Rth : thermal resistance off wall [m2.K.W-1]
SEER : seasonal energy efficiency ratio [-]
S : surface [m?]
Subscript:

Cool : cooling




1282

Franck Lucas / Energy Procedia 75 (2015) 1275 — 1283

E : east

Elec : electrical
N : north

Req : required
Sys : system

S: south

W: west
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