R.H. Crawford and A. Stephan (eds.), Living and Learning: Research for a Better Built Environment: 49" International
Conference of the Architectural Science Association 2015, pp.423—433. ©2015, The Architectural Science Association
and The University of Melbourne.

The next step in energy rating: the international ETTV method
vs. BCA Section-J Glazing Calculator

Mehran Oraee and Mark B. Luther
School of Architecture and Built Environment, Deakin University, Geelong, Australia
moraeena@deakin.edu.au, mark.luther@deakin.edu.au

Abstract: The most important prevention in minimizing energy transfer in commercial buildings is the
treatment of glazing in the building facade. In a commercial building, while the impacts of roof, walls
and floors on the overall heating and cooling loads of the building have low effects, glazing is likely to be
the most important factor. This paper investigates the BCA Section-J glazing calculator and the ETTV
(Envelope Thermal Transfer Value) methods and tries to look for differences as well as similarities in
calculation of building envelopes energy performance. For this investigation, a hypothetical high-rise
commercial building in Melbourne, Australia is considered when evaluating the energy performance of
the envelope through these two methods. Both methods consider the U-Value of glass and wall
materials as well as Solar Heat Gain Coefficient (SHGC) and Shading Coefficient (SC) of the glass. Findings
in this research project indicate differences and significant discrepancies between the BCA Section-J and
ETTV methods in evaluating the energy performance of commercial building facades. Issues of
calculation weaknesses are identified with the lack of air leakage and infiltration of a particular facade
design or window to wall ratio (WWR). Suggestions have been made where improvement to the overall
energy calculation through facades of a commercial building is needed.
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1. Introduction

Sustainable development and environmental protection are among the major motivations of energy
conservation initiatives. Energy efficiency is universally known as one of the most cost effective ways to
reduce related building energy issues (Hodges, 2005). Since buildings are significant energy consumers
in many countries, energy use in buildings has become a policy issue worldwide to increase energy
efficiency of buildings. Particularly in commercial and high-rise buildings, energy efficiency is a concern
and means to improving both the performance of HVAC systems and the mechanisms of heat transfer
through the building envelope are crucial (ABCB, 2010). While, in commercial buildings, the impacts of
roof, walls and exposed floors on building’s overall cooling or heating load are generally small, glazing is
likely to be the most important factor. Although other factors such as efficiency of HVAC systems and
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building energy management are significant and should be considered (Chua and Chou, 2010),
improving the thermal performance of building envelopes would result in reduced HVAC system sizing
and less running time, therefore, less energy consumption (ABCB, 2010).

In Australia, Commercial building energy performance has been influenced by the NABERS (National
Australian Built Environment Rating System) energy rating scheme (CBD, 1998) for over a decade. What
is lacking in this rating system are the causes that yield to a specific building energy performance result.
A report by the Centre for International Economics (CIE) indicates that building sector in Australia,
including commercial and residential buildings, is accounting for approximately 20% of Australia’s total
energy consumption in 2007 with the prediction of annual increase of 2% (CIE, 2007). Considering the
same trend, by 2014, building sector in Australia would be accounted for almost 35% of the total energy
consumption, which has significant contribution to Green House Gas emission.

On the other hand, the Australian Building Codes Board (ABCB) seeks to cover building related issues
by developing regulatory solutions through BCA ‘Section-J’, which is considered to be such a solution to
address building energy performance issues. However, this approach is considered not to be as rigorous
on the energy calculation of the envelope thermal performance as compared to the Overall Thermal
Transfer Value (OTTV) or the more recent, Envelope Thermal Transfer Value (ETTV) methods being used
in several Australasian countries.

The OTTV method was initially created in 1975 by the American Society of Heating, Refrigerating and
Air-conditioning Engineers (ASHRAE). Since then, this method was being used in the U.S. to calculate
heat transfer of air-conditioned buildings through building envelopes and also acts as an index of
building envelope thermal performance. Since then, many amendments have been proposed to improve
the accuracy of the OTTV method, however, the use of such a single thermal performance index alone
could not guarantee energy efficiency of air-conditioned buildings and it was abandoned when the new
ASHRAE Standard 90.1 took place in 1989 (ASHRAE, 1989). Despite the abandonment of OTTV method in
the U.S., ETTV, as a superior version of OTTV, is still being used in other regions of the world, particularly
in the Asian countries such as Singapore, Hong Kong and Philippine etc.

In Singapore, for instance, a recent report by BCA Singapore indicates that building sector consumes
up to 38% of the country’s wide electricity consumption. With the utilization of ETTV method for
building envelope energy performance, average Energy Utilization Index (EUI) of new commercial
buildings has been reduced over the last five years. This reduction ranges from 16% for offices, 7% for
retail buildings and 5% for hotels (BCA, 2014). This simply shows that the use of ETTV method for
calculation of building envelope energy performance is worthwhile.

2. Overall thermal transfer value (OTTV)

The initial concept of OTTV was originally proposed in the U.S. for the ASHRAE 90-75 Standard in 1975.
ASHRAE originated the use of OTTV as an index for envelope thermal performance of air-conditioned
buildings with the concept of the maximum allowable thermal transfer value in W/mZ (ASHRAE, 1975).
Original calculation for OTTV consists of three major components of thermal performance; (1) wall
conduction, (2) glass conduction and (3) solar radiation through window glass. The concept is also based
on the assumption that the building envelope is completely enclosed. In a general form, the calculation
of OTTV for external walls of air-conditioned buildings is shown in equation (1), as follow:

OTTV = [Qyc + Qg + Qso1] / Area = [(Aw x U x ATs) + (Ag x U x AT) + (Ag x I x 8)] / Area (1)
Where:
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Quc Conduction through opaque wall

Qg Conduction through window glass

Q.o Solar radiation through window glass

ATs=Ts-Ti=(To+Ixa/Fo)-Ti (2)
Aw area of wall + area of glass in m?’ Fo Surface conductance outside in W/m? deg. C

u Transmittance value in W/m? deg. C Ti inside air temperature in deg. C

To Outside air temperature in deg. C Ag Area of glass in m?

| radiation intensity in W/m? AT internal and external air temperature difference

a absorbance of the surface 0 solar gain factor of window glass

According to the ASHARE Standard 90-75, the calculation of OTTV was initially based on peak heat
gains, stipulating that all air-conditioned buildings must be designed to have an OTTV of not more than
50 W/m® Since 1975, when ASHRAE Standard 90-75 originated the use of OTTV, the concept and
definition have also evolved along with several amendments, basing it on annual heat gains, annual
cooling loads and annual air-conditioning energy use to make OTTV an appropriate indicator with the
aim of obtaining an index reflecting the impact of building envelopes on energy use by air-conditioned
buildings (ASHRAE, 1975). The evaluation study by Yik and Wan in 2005 shows that all the amendments
to OTTV method had fundamental issues due to implicit assumptions. Yik and Wan are then concluded
that the assumptions are considered to simplify the OTTV calculation method for air-conditioned
buildings and the method can be evaluated based on limited or fixed values of pre-calculated TD¢q and
SF, without considering the room function and dimensions (Yik and Wan, 2005). Later researches have
shown that OTTV method is a useful indicator for the thermal performance of a building envelope,
however, it does not accurately reflect the relative performance of different elements in an envelope
system (BPNL, 1983). Specifically, it underestimates the solar radiation gain of the components through
the fenestration system and hence does not represent the full extent of heat gain through the envelope
(SBCA, 2004). The shortcoming of the OTTV method is that it does not account for the interactions
between the envelope, internal gains and equipment efficiency, as would a true performance
calculation. As a result, the use of OTTV method has been abandoned in the U.S. since the ASHRAE
Standard 90.1 was launched in 1989.

3. Abandonment of OTTV

The use of OTTV in ASHRAE Standard 90 series lasted for 14 years and has been abandoned since
ASHRAE Standard 90.1 was launched in 1989. The major reasons for abandonment of the OTTV method
were:

*  Simplistic criteria in the calculation of OTTV that did not properly account for the interactions of
building facade with the energy flow within the building,

*  Use of pre-calculated equivalent temperature difference (TDgq) for the thermal storage effects
of building envelope,

* Building envelope performance requirements were considered restrictive due to treating the
HVAC systems and the building envelope independently.

Since the abandonment of the OTTV method by ASHRAE 90.1-1989 in the U.S., the following criteria
took place as the replacement (Wilcox, 1991) (ASHRAE, 1989):
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e Limits to the percentage of Window to Wall Ratio (WWR) of external walls,

e Limits to the thermal transmittance (U-value) of envelope elements separating conditioned and
unconditioned areas,

* Limits to the thermal resistances of slabs and walls below grade.

The above limits consider solar position and angle to the facade, windows shading coefficient,
weather conditions, heat capacitance of wall, shading device characteristics and location of insulation.
Despite the abandonment of OTTV in the U.S., a superior version of OTTV continues to be used in the
building energy codes of a number of other countries and regions, especially Asian countries including
Hong Kong, Singapore, Thailand, and Malaysia etc. A major review of the OTTV formula was carried out
in Singapore to come out with a new formula that could provide a more accurate measure of the
thermal performance of building envelope. The new formula is called Envelope Thermal Transfer Value
(ETTV) to differentiate it from the original OTTV formula.

4. Envelope thermal transfer value (ETTV)

ETTV is similar to OTTV in that both take into consideration the three components of heat gain; (1) wall
conduction, (2) glass conduction and (3) solar radiation through window glass, for building envelopes
energy performance. In addition, in ETTV method the three components of heat gain are averaged over
the whole envelope area of the building to provide more accurate index of building envelope thermal
performance. Singapore was the first Asian country to have regulatory control on ETTV since 1979,
which has stipulated that all air-conditioned buildings must obtain an ETTV index of not more than 50
w/m? (SBCA, 2004). This means that the building envelops are well insulated against thermal transfer,
however, the amount of heat that flows through a unit area of the envelopes will impact on HVAC
systems to provide cooling load of maximum 50W per unit area of the building envelops.

In Hong Kong, since most commercial buildings consist of a tower on top of a larger podium, the
2000 Standard contained different ETTV criteria of 30 W/m2 for the tower and 70 W/m2 for the podium.
Indonesia, Malaysia, Philippines and Thailand also have used Singapore ETTV Standard as a reference
model to develop their building energy standards (ASHRAE, 1980) (METP, 1989) (DOE, 1993)
(Chirarattananon, 1992). They have also made reference to ASHRAE Standard 90 series (ASHRAE, 1989).

According to regulations by Singapore Building Codes Authority (SBCA), the maximum permissible
ETTV for commercial buildings has been set at 50 W/m2 (SBCA, 2004). For this approach, the proposed
formula for calculation of ETTV of a single external wall of a building at particular orientation is as
follow:

ETTV =12 (1-WWR).Uw + 3.4 (WWR).Uf + 211 (WWR).(CF).(SC) (3)
Where:

Uw: thermal transmittance of opaque wall (W/m?K)

uf: thermal transmittance of fenestration (W/m? K)

CF: correction factor for solar heat gain through fenestration

SC: shading coefficients of fenestration

WWR: window-to-wall ratio (fenestration area / gross area of exterior wall)

To calculate the ETTV for the whole building, as walls at different orientations receive different
amounts of solar radiation, the ETTV of individual walls needs to be calculated in order to calculate the
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ETTV for the whole building. The proposed formula for calculation of ETTV for the whole building is as
follow (SBCA, 2004):

A1 X ETTV 1+ A;X ETTV,+ A3x ETTV3+ ...
A+ A+ Azt

ETTV =

(4)

Where:

ETTV1, ETTV2, ETTV3 ... are the ETTV of each facade, and Al, A2, A3... are the gross area of each
facade.

As shown in the ETTV formula (3), thermo-physical factors of building envelope materials are
considered in the calculation. These factors are:

¢  Thermal conductivity (K) (Steady-State condition)

*  Thermal resistivity (r) (r=1/K)

* Thermal conductance (C) (C=K/b) where b is the thickness of material.
*  Thermal resistance (R) (R=1/C)

*  Shading coefficient (SC)

*  Thermal Transmittance (U-Value) (U=1/R)

The thermal transmittance (U-Value) of the envelope material is defined as the quantity of heat that
flows through a unit area of a building section under steady-state conditions in unit time per unit
temperature difference on either side of the envelope material. The philosophy behind steady-state
condition is based on the steady heat gain (or loss) of the fagade and the temperature difference
between outside and inside.

5. Section-J) of BCA

The objective of Section-J of BCA is to reduce Greenhouse Gas Emission (GHG) through improving
energy efficiency in buildings. In other words, producing more energy efficient building envelopes that
keep the conditions inside comfortable will result in less using HVAC services, therefore reducing energy
consumption and GHG emissions. There are two main assessment methods used for compliance
purposes of BCA Section-J (ABCB, 2010). The first method is assessment of relevant building design
elements of the proposed building against the Deemed to Satisfy (DTS) provisions of the BCA. If the
proposed building did not comply with the DTS provisions, then a Verification Method (JV3) using a
reference building as the second method can be performed to compare thermal simulation of the
proposed building with a reference building that meets all DTS requirements of the BCA Section-J (Figure
5).



428 M. Oraee and M.B. Luther

Building Solution

. Whole Building Energy
| Glazing Calculator (DTS) | —| Simulation (JV3)
Assessment of Building Evidence of Suitability
Solution for compliance with
DTS Provisions OR
¢ | ¢ Verification Method

OR

Building Solution Building Solution does NOT Comparison with the DTS
satisfies DTS Provisions satisfies DTS Provisions [pleiElels

ol

Expert Judgment

I

A

Documentation to Documentation to
support decision support decision
C i with the BCA achieved

Figure 5: BCA Section-J Performance based compliance framework (ABCB, 2010)

5.1. BCA glazing calculator (DTS)

The main contributors to heat loss or gain through the fabric are usually the windows or other openings
containing glazing. DTS Provisions of BCA Section-J consider two major thermodynamic effects on
glazing:

* Heat conduction through glass by virtue of temperature difference between inside and outside,
* Solar radiation conducted through glazing system into the building.

To this approach, ‘BCA Glazing Calculator’ has been developed for the calculations required by DTS
provisions in terms of energy efficiency of building envelopes.

5.2. Verification method (JV3)

Virtual thermal modelling software (Verification method) is used to estimate the annual energy
consumption of a commercial building. The outcomes of this method are based on the whole building
energy consumption considering building orientation, function, operating hours, HVAC systems and etc.

6. Methodology

To identify the accuracy, suitability and ease of use of the two discussed methods in this study, ETTV and
BCA Glazing Calculator (DTS) for energy performance of high-rise building envelope, a hypothetical
commercial building (10-storey) is considered in Melbourne, Australia. To this approach, both methods
were individually applied to the proposed building and the results from each method have been
analyzed and compared respectively. The building’s typology is assumed to be a square shape with the
dimensions of 20m x 20m x 40m (LxWxH) and a total floor area of 4,000 mZ All the building floors are
considered to be air-conditioned using split system, except the ground floor. Therefore, the total fagade
area for the air-conditioned space is 2,880 m’.
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NOTE: As the main objective of this study is to evaluate the energy performance of building envelope
ONLY and not the whole building, so “BCA Section-J Verification Method” is not considered in the
calculation process as it is based on calculation of the whole building energy performance.

6.1. ETTV method

In order to calculate the overall ETTV for the proposed commercial building in this study, a spreadsheet
has been designed including ETTV formula with relevant assumptions as shown in Table 4.

Table 4: Assumptions for the calculation of ETTV

Glazing Systems:

Double-Glazing Reflective (E, N, W):
Double-Glazing Low-E (South):
WWR:
Opaque wall:
Total floor area:
Exterior Wall Area:
Weather data:
Maximum Allowable ETTV:
Shading device:

U-Value = 2.3 W/(m?K)
U-Value = 1.9 W/(m2-K)

60%

U-Value =0.8

4,000 m’

2,880 m’

Hourly

50 W/m’

No shading device is considered

6.2. BCA Section-J; glazing calculator (DTS)

Energy performance of facades of the proposed building is conducted by BCA Glazing Calculator (DTS).
For this approach, following assumptions have been considered as shown in Table 5.

Table 5: Inputs for the BCA Glazing Calculator

Glazing Systems:

Double-Glazing Reflective (E, N, W):
Double-Glazing Low-E (South):
WWR:
Total floor area:
Exterior Wall Area:
Weather data:
Shading device:

U-Value = 2.3 W/(m?K)

U-Value = 1.9 W/(m?K)

60%

4,000 m’

2,880 m’

Zone 6 (Melbourne)

No shading devices is considered

7. Results and analysis

7.1. ETTV

In calculation of ETTV for the proposed building in this study, it is considered that there are no external
shading devices installed. So, the Solar Coefficient (SC) of glazing systems are calculated as follows:

SC = [Solar heat gain of the glass] / [Solar heat gain through a 3mm unshaded clear glass] (5)

Therefore, SC for each glazing system are:

SC Double Glazed Reflective windows — 0.13 / 0.87=0.15

SC Double Glazed Low-E windows

=0.65/0.87=0.75
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In order to calculate the Solar Correction (CF) factor for building facades, pre-calculated factors
which are based on the orientation and steepness of the building envelopes, are also considered ().
Table 6).

Table 6: Solar Correction (CF) for walls - (SBCA, 2004)

p o ——— Cm- S

e o o o o e e e e e e e e e e e e e e e e e e e e e e

In addition to (SC) and (CF), U-Value of opaque walls and glass also have been identified from
relevant specifications provided by relevant manufacturers. Upon calculation and collection all the
requirements as per ETTV formula (3), a spreadsheet has been designed in order to calculate the ETTV of
individual building envelope as well as the ETTV for the whole building (Figure 6).

Figure 6: Calculation of the overall ETTV of the study building

As shown in Figure 6, calculation of overall ETTV of the proposed building indicates that the South
facade of the proposed building does not comply with the maximum allowable ETTV, however, the
overall ETTV of the whole building is below the maximum allowable ETTV and complies with the ETTV
compliance requirement. This simply shows that despite the fact that the South fagcade of the proposed
building does not comply with the ETTV compliance requirement, however the whole building does
comply with ETTV compliance requirement, thus the building envelope design is energy efficient.
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7.2. BCA Section-J glazing calculator (DTS)

Calculation of envelope energy performance of the study building has been considered through BCA
Section-J Glazing Calculator with the same inputs as into the ETTV calculation method. Additional
requirement in this method, in compare to ETTV method, is SHGC of the glazing which has been
provided by relevant glass manufacturer. Same specifications as ETTV have been applied and findings
from this method show that the East, North and South facades of the proposed building comply with the
DTS requirements, while the West facade does not comply with the DTS compliance requirements
(Figure 7).

However, in BCA Glazing Calculator when at least one envelope orientation of a building does not
comply with the DTS compliance requirements, then the entire rating for that building fails.

A comparison between ETTV method and BCA Section-J Glazing Calculator indicates that significant
discrepancies exist which yield to specific performance results. The major discrepancy is that any same
building orientations have shown different impacts on the overall building envelope energy
performance. In addition, the climate data which is used in the BCA Glazing Calculator is opaque and is
based on the lumped value (climate zone), while the climate data in the ETTV method is known as
hourly based data. Also, the BCA calculator is only looking at the glazing part of the envelope and not
the integration of wall systems including both glazing and opaque walls, while ETTV calculator does.

The argument, according to BCA Section-]J requirements, is that upon failure in BCA Glazing
Calculator the Verification Method (JV3) needs to be conducted in order to identify and analyse the
whole building energy performance. What is lacking in this argument is that JV3 would not consider the
energy performance of building envelopes in particular, but the whole building. However, JV3 can often
provide great cost savings in project construction and operation. As discussed earlier, the most
important prevention in minimizing energy transfer in commercial buildings is the treatment of glazing
in the building facade. So, precise analysis of the building envelope characteristics (including glazing
systems) on overall building energy performance is worthwhile.

Figure 7: BCA glazing calculation for the study building

In addition to the identified similarities and discrepancies between these two methods, “air leakage”
or “permeability” of the building envelopes are also identified to be missing in both methods. In recent
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years, efforts are made to design and construct tight building envelops, however, commercial buildings
are completed much leakier than what originally planned and assumed (Emmerich and Persily, 2013).
Also, most energy calculators are generally do not account for envelope infiltration and the impacts of
airtightness (Ng et al., 2014). As a result, the energy impacts of air-leakage can be greater than what
originally expected. Table 7 shows a summary of the evaluation between the two discussed methods.

Table 7: Evaluation of ETTV and Glazing Calculator of BCA

Climate Data Opaque Wall Glass Shading  WWR Air
Lumped Hourly U-Value Timelag SC SHGC Hourly SHGC Leakage
Value Data
ETTV x v v x v x x v v x
BCA - GC v x x x v v x v v x

8. Conclusion

This research project presents the beginning of examining the present and accepted BCA Section-J
evaluation methods of a commercial building fagade with that of other Australasian countries using the
ETTV method. It queries the processes used in each of the methods and tries to look for similarities as
well as differences. The calculation of energy through facades should be considered as one of the main
features and differences among energy gains and losses between buildings. It is suggested here that
more accurate calculators considering the Solar Heat Gain Coefficient of glass, according to angular solar
irradiance and time dependent thermal heat transfer, are preferred. The ETTV method is a useful
calculator for energy performance of building envelopes due to its relative ease of calculation, while
providing some flexibility of trade-offs between envelope components. The introduction of the ETTV
method also allows for shading devices to be considered at hourly intervals. What appears to be
missing, however from all of the facade analytical methods, is a consideration of permeability or air
leakage. This is an important and valid missing component since different WWR’s and wall construction
types will result in different air leakage rates. Perhaps the final conclusion to all of this work is that it
merits further analysis through simulation as well as real world experiential testing of different building
fagade types. In closing, it could be said that our present BCA Section-J Glazing Calculator requires an
overview with the intention of providing more realistic measures towards actual building facade
performance.
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