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Abstract 

The Taiwan-EEWH green building certification system is 

dedicated for the hot-humid climate region and had 

launched the overseas version. However, when promoting 

to other countries, especially ASEAN countries, there are 

two problems inherent in the evaluation of building 

envelope performance should be solved. Firstly, take 

office buildings as an example, the ENVLOAD in Taiwan 

and the OTTV in some ASEAN countries are developed 

on the basis of the local climate that the formulas cannot 

be directly applied to other countries (Evaluation Manual 

for Green Building in Taiwan.2015 TAIWAN-EEWH-BC, 

2015; Ingvaldsen, 1978; Ministry of Energy, 

Telecommunications and Posts, 1989). Secondly, some of 

these formulas were established based on the weather data 

before 2000; however, due to the trend of climate change 

becomes dramatic recently, it is essential to adjust the 

formulas through the predicted future weather data. In 

order to eliminate the problem that resulted from the 

climate parameters inherent in the ENVLOAD or OTTV 

formulas, this paper standardize the impact of climate 

conditions on the transmitted cooling load through 

building envelops by the performance-rating-based 

approach. In addition, a new index of envelope thermal 

performance, named PR is developed for commercial 

building in hot-humid climate region in Asia as well. 

Instead of ENVLOAD, using PR as the performance 

index of building envelope in the Taiwan-EEWH can not 

only contributing to the promotion of EEWH-OS, but 

assist architects in adjusting the design of the building 

envelope to better deal with climate change. 

 Key Innovations 

• In the recent years, the promoting of the Taiwan-

EEWH system is under progressing to certain 

countries located at subtropical zone in Asia. In 

order to smoothly apply the evaluation system to 

other countries, a new and general index of 

envelope thermal performance, named PR is 

developed to unify the domestic and overseas 

versions of Taiwan-EEWH system for 

evaluating the cases consistently. 

• In order to reasonably utilize energy in buildings, 

it is essential to adjust the building envelope 

thermal performance index which is closer to the 

realistic trend of climate change. Instead of using 

the weather data before 2000, this study 

formulated a new index (PR) standard based on 

the predicted future weather data. 

• According to the factors that make influences on 

envelope thermal performance, such as window-

wall ratio and shading coefficient of glass, this 

study analyzed the influence level of these 

factors through sensitivity analysis. 

Practical Implications 

For evaluating the building envelope performance, the 

new index PR (Performance Rating) which can be widely 

applied to other hot-humid climate countries is proposed 

in this study. Besides, the future weather data is applied 

in this study to adjust the appropriate PR standard value 

for future in order to realize the efficient and reasonable 

utilization of building energy under the trend of climate 

change.  

Introduction 

With the rapid economic development over the world, the 

energy demand is dramatically increase at the meanwhile. 

According to the Energy Security in Asean+6 released by 

IEA, it is known that the proportion of energy demand of 

the Asean+6 countries increased from 30% in 2000 to 

40% in 2017; furthermore, it is speculated to reach 45% 

in 2040(IPCC’s Fifth Assessment Report, 2014). Take the 

sales volume of air-conditioner in India as an example, the 

numbers increased from the current 30 million to 1 billion 

in 2050. Owing to the climate change, there is a serious 

demand of air-conditioning in especially the commercial 

and office buildings located in subtropical region. 

Therefore, an effective energy-saving design guideline is 

essential for reducing the building cooling load. The 

Taiwan-EEWH system is the first building energy-saving 

certification system that focusing on buildings in hot-

humid climate region(Evaluation Manual for Green 

Building in Taiwan.2015 TAIWAN-EEWH-BC, 2015). 

Corresponding to the Taiwan Southbound Policy, the 

application of Taiwan-EEWH system is consistently 

expanded to other countries; however, regarding the 

energy conservation of building envelope, the index of 

building envelope in the Taiwan-EEWH system is 

developed on the basis of the weather condition in Taiwan, 

and it is not suitable for certain countries. Concerning the 

regulations of every local government existed differences, 

it is expected to suggest a general index for the 

performance of building envelope that eliminate the 

weather condition, so that the certification system can be 

appropriately applied to more countries overseas. 
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Moreover, the energy conservation policies and strategies 

of Taiwan can be promoted broadly.  

With regard to the evaluation index of building envelope 

performance, the ENVLOAD in Taiwan-EEWH 

system(Evaluation Manual for Green Building in 

Taiwan.2015 TAIWAN-EEWH-BC, 2015) and the OTTV 

(Overall thermal transfer value)are concern as reference 

in this study and aim at adjusting the two indexes for 

general utilization. Specifically, ENVLOAD is applied in 

Taiwan to score the building envelope performance in the 

Taiwan-EEWH green building certification system; the 

OTTV is proposed by ASHRAE in 1975, but 

subsequently dropped in later versions in favor of 

performance-based energy budgets generated through 

computer simulations. However, the OTTV method is still 

being used in many Asian countries or cities, including 

Hong Kong, Singapore, Thailand, Malaysia, etc., because 

of its relative ease of calculation, while still providing 

some flexibility of trade-offs between different parts of 

the envelope (Chan &Chow, 2014; Huang &Deringer, 

2007; Kunchornrat et al., 2009). According to the 

ENVLOAD and OTTV, the factors that related to thermal 

performance of building envelope are all taken into 

consideration, such as window-wall ratio, shading 

coefficient of glass and shading coefficient of exterior 

shading device, etc. Regarding the ENVLOAD, a series 

of formulas are provided (Evaluation Manual for Green 

Building in Taiwan.2015 TAIWAN-EEWH-BC, 2015), 

and can be simply implemented and achieve the effect of 

remaining the flexibility of design and energy 

conservation by balancing the parameter such as windows 

and walls. Basing on the local weather conditions, it 

formulates the standard value, and restrict the limitation 

of the annual cooling load of buildings. As for the OTTV, 

it is a total measure of heat gain into the building through 

building envelope, including the heat conducted through 

wall and glass, the heat from solar radiation(Vijayalaxmi, 

2010). Both of the ENVLOAD and OTTV are established 

basing on the local weather conditions; however, the 

connection between the parameters in ENVLOAD and 

local conditions are more inseparable than OTTV. This 

reason leads to the inadequacy to apply ENVLOAD to 

other countries. For instance, the weather conditions in 

Taiwan is different from the countries in other climate 

zones, while applying the ENVLOAD, it may 

overestimate the energy conservation and lead to the 

inaccurate certification result (Kao, 2020). In addition, 

these indexes were established based on the weather data 

before 2000; however, due to the trend of climate change 

becomes dramatic recently, it is essential to adjust the 

indexes through the predicted future weather data (Chang, 

2020) which can correspond to the realistic weather 

conditions. 

In order to eliminate the problem that resulted from the 

weather parameters inherent in the ENVLOAD and 

expand the Taiwan-EEWHs system to much more 

countries smoothly, this study proposed a new index 

called PR (Performance Rating) based on the concept of 

OTTV. Unlike ENVLOAD and OTTV system which 

provide an absolute value to evaluate the performance, PR 

is a relative value which is a ratio between the study case 

and baseline case. Through PR, the evaluation case is 

compare to the baseline case in the same region; therefore, 

it can avoid the controversy of evaluating the local cases 

by the index that established by the conditions in different 

climate zone. Moreover, according to the previous 

research, it is known that the index of ENVLOAD and 

OTTV is able to be converted(Kao, 2020), the PR index 

in this study further proposed a platform to correspond to 

the other two indexes and act as a general index in 

subtropical region. Briefly, this paper firstly suggested a 

general index, PR, which eliminates the parameters 

affected by local weather conditions. Secondly, by 

analysing the variation of simulation results under the 

circumstances of different eras and scenarios of RCP2.6, 

RCP4.5, RCP8.5(IPCC’s Fifth Assessment Report, 2014), 

the PR standards which are proper for different situations  

in the future are suggested. 

Methods 

The index PR proposed in this study is based on the 

OTTV, and formulated through the multiple regression 

analysis from the energy consumption simulation results 

of a great amount of office building models. In order to 

develop the unified PR for subtropical zone, the cooling 

load of the study cases is firstly calculated, and the OTTV 

formulas which is suitable for the representative cities are 

suggested. Basing on the building cooling load and the 

related parameters, the PR can be converted from OTTV 

through massive simulation results and regression 

analysis. Thus, it is essential to figure out the influence 

level of the parameters in OTTV that related to building 

cooling load, and transform the OTTV to unified PR 

index by proper coefficient.  

The meaning of the OTTV is to calculate the total heat 

gain into the building through walls, windows, and solar 

radiation. The calculation of the OTTV of a single wall is 

calculation by Equation(1), and the total OTTV of the 

whole building is calculated by Equation(2), which is the 

weighted average of area.  

 

𝑂𝑇𝑇𝑉𝑖 = 𝑐1(1 − 𝑊𝑊𝑅)𝑈𝑊 + 𝑐2𝑊𝑊𝑅 × 𝑈𝑓

+ 𝑐3𝑊𝑊𝑅 × 𝑆𝐶 × 𝐶𝐹 
(1) 

𝑂𝑇𝑇𝑉

=
𝑂𝑇𝑇𝑉1𝐴01 + 𝑂𝑇𝑇𝑉2𝐴02 + ⋯ + 𝑂𝑇𝑇𝑉𝑛𝐴0𝑛

𝐴01 + 𝐴02 + ⋯ + 𝐴0𝑛

 
(2) 

 

Instead of providing an absolute value to evaluate the 

performance like OTTV, PR is a relative value which 

represents a ratio of the annual cooling load in perimeter 

zone between the objective building and the local baseline 

building (Equation(3)~ Equation(5)).  For instance, while 

the PR = 0, it means the objective building has the same 

cooling load with the baseline building; while the PR≠0, 

the PR value stands for the cooling load increasing or 

decreasing percentage of the objective building that 

compared to the baseline building. Specifically, 𝐿𝑃 

represents the objective building’s annual cooling load of 

the building envelope per square meter in the perimeter 
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zone, and the 𝐿𝑏 represents the baseline building’s annual 

sensible cooling load of the building envelope per square 

meter in the perimeter zone.  

𝑃𝑅 = 100 × (
𝐿𝑃

𝐿𝑏

− 1) (3) 

𝐿𝑃 = 𝑐1(1 − 𝑊𝑊𝑅)𝑈𝑊 + 𝑐2𝑊𝑊𝑅 × 𝑈𝑓

+ 𝑐3𝑊𝑊𝑅 × 𝑆𝐶 × 𝐶𝐹 + 𝑐0 
(4) 

𝑃𝑅 =
𝑃𝑅1 × 𝐴1 + 𝑃𝑅2 × 𝐴2 + ⋯ + 𝑃𝑅𝑛 × 𝐴𝑛

𝐴1 + 𝐴2 + ⋯ + 𝐴𝑛

 (5) 

For the purpose of suggesting the thermal performance 

index of building envelope, the building energy 

simulation program, EnergyPlus, was used to predict the 

cooling loads in the perimeter zone of the office building 

models. As shown in Figure 1, the building plan set in this 

study is divided into four perimeter zones of air-

conditioning zone and non-air-conditioning zone, 

including bathroom, staircase, and elevator hoistway, etc. 

This study focused on the four perimeter zones which is 

strongly affected by the heat transfer from building 

envelope, other zones are not taken into consideration in 

this simulation. Regarding the setting conditions of the 

office building model, the parameters related to the 

building energy conservation are discussed, such as 

orientation, width of perimeter zone, window –wall ratio, 

etc (Table 1). Besides, when modelling the study cases, 

the interior cooling load and air-conditioning control are 

not considered in order to clarify the influence on cooling 

load caused by passive design. Specifically, the air-

conditioning system is set to be operated on weekdays 

from 07:00~19:00 in the period of April 1~ October 31, 

the indoor temperature is set as 24 degrees, while the 

temperature is higher than 24, the air-conditioner will start 

operating. 

To generate a great amount of simulation models, a total 

of 360 office building models which consists different 

building envelope performance were produced, and the 

variation range of each parameter is shown in Table 1. 

The models generated in this study are based on the Latin 

Hypercube Sampling, which is a computational algorithm 

that rely on repeated random sampling. Therefore, there 

is a need to conduct the sensitivity analysis in order to 

clarify the influence level of each input parameter that 

related to the output result of building cooling load. The 

sensitivity index applied in this study is standardized 

regression coefficient (SRC), which is used to examine 

the linear relation between input and output parameters. 

Briefly, in this study, the sensitivity analysis of the 

parameters including the heat transfer rate of wall and 

window, window-wall ratio (WWR), shading coefficient 

of glass and exterior shading.  

In order to reasonably utilize energy in buildings, it is 

essential to adjust the building envelope thermal 

performance index which is closer to the realistic trend of 

climate change. Instead of using the weather data before 

2000, this study discussed the new index (PR) and 

standard based on the predicted future weather data. 

Specifically, basing on the predicted weather data, this 

study simulates the cooling load variation of the building 

which meets the current Taiwan-EEWH certification 

standard under the circumstances of future eras. In 

addition, this study also discusses the adjustment range of 

PR that is appropriate for the future weather condition. 

According to the method elaborated above, 360 office 

building models are respectively set to be located at eight 

representative cities: Taipei, Hong Kong, Hanoi, Bangkok, 

Kuala Lumpur, Singapore, Bandar Seri Begawan and 

Manila, which are all distributed in Asian hot-humid 

climate region, these cities are selected as target cities to 

discuss their OTTV, cooling load variation after decades 

and the new PR range which is suitable for future climate. 

Table 1 Parameters of office building model 

Results 

➢ Establishment of OTTV of target cities and general PR 

index for hot-humid climate zone 

For the purpose of suggesting the OTTV index that 

suitable for the representative cities, the distribution of 

cooling load in summer are firstly simulated by 

EnergyPlus through the generated 360 office building 
 

 
Variation 

range 
Unit 

Baseline 

building 
Remarks  

Orientation 0~360  
Same as 

study case 

N, NE, E, 

SE, S, SW, 

W, NW 

Width of 

perimeter 

zone 

10~50 m 
Same as 

study case 

L1, L2, L3, 

L4 

Window –

wall ratio 
0.1~0.9  0.31  

U-Value of 

wall 
0.5~5.0 W/m2K 0.857  

U-Value of 

window 
1.0~5.5 W/m2K 3.24  

SHGC of 

wall 
0.1~0.85  0.25  

Depth ratio 

of shading 
0.0~2.0  

No shading 

projection 
 

Other setting conditions (interior heat source) 

*Lighting_ Operating time: 07:00~19:00 

                   Heating density of lighting equipment: 11.8 W/m2 

*Human_ Metabolic Rate: 117W/person 

                 Fresh air rate: 8.5L/sec 

Figure 1 Diagram of office building model plan 
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models located in each target cities. After simulating the 

cooling load, on the basis of the massive results of the 

generated models, the OTTV of each representative city 

can be proposed through adjusting the parameters in 

OTTV formula which are based on regression analysis. 

According to the result shown in Figure 2, it is known that 

the cities are in different climate zones, and thus lead to 

different cooling load for buildings. Specifically, cities 

located in the region of higher latitude such as Taipei, 

Hong Kong, Hanoi show the results of lower cooling load; 

relatively, there are higher building cooling load results in 

cities located in the region of lower latitude such as 

Bangkok, Kuala Lumpur, Singapore, Bandar Seri 

Begawan and Manila. Take the simulation result of Taipei 

for example, during the summer period (April to October) 

the maximum and minimum value of annual cooling load 

in Taipei is in the range of 42 kWh/m2 to 62 kWh/m2, and 

most of the cases show the result of 50 kWh/m2. 

Regarding the result, it is known that there is an obvious 

disparity between maximum and minimum value of 

cooling load; therefore, it is better to consider the 

strategies that are beneficial to the thermal performance 

of building envelope at the initial design stage to achieve 

superior energy-saving outcome. Besides, complying 

with the restriction of the index related to the thermal 

performance in advance can avoid the excessive building 

cooling load. On the other hand, take Bangkok which 

located in the region of lower latitude as an example, the 

annual cooling load of office building models in Bangkok 

is in the range of 52 kWh/m2 to 78 kWh/m2, and most of 

the cases show the result of 62 kWh/m2. The result in 

Bangkok is apparently much higher than in Taipei; thus, 

formulate the index which is proper for local and adopt 

the local baseline as evaluation standard instead of the 

foreign baseline are essential. 

 

According to the annual cooling load of the representative 

cities, the OTTV of each city can be estimated through 

regression analysis. In fact, within the 360 cases, each 

case has respectively four different perimeter zone 

samples of different orientation; thus, there are 1440 

samples to conduct the regression analysis including eight 

orientations in the OTTV formulas. For the purpose of 

clarifying the simulation result, it is essential to analyze 

the relationship between building cooling load and OTTV. 

The correlation between OTTV distribution and annual 

cooling load of the 360 models are shown in Figure 3. 

Regarding the result, it shows that OTTV is a favorable 

thermal performance index that the OTTV and building 

cooling load are in linear relation with high correlation, 

especially in some cities such as Singapore, Manila, and 

Kuala Lumpur, which the R2 are about 0.98.  

Since that OTTV is an adequate index for evaluating the 

thermal performance, the PR index which is developed on 

the basis of OTTV is considered to be convincing. In 

order to propose a general PR index in hot-humid climate 

zone, the 𝐿𝑏 and   𝐿𝑝 of each representative city is firstly 

calculated through regression analysis of the massive 

number of models (Table 2), and the PR of each city can 

be calculated through  𝐿𝑏 and   𝐿𝑝. Referring to the PR of 

the 360 study models which respectively located in 

different target cities (Figure 4), the result shows that the 

distribution is extremely identical. Thus, the general PR 

index (Equation (6)) for countries in hot-humid climate 

zone can be proposed by regression analysis. 

 
𝑃𝑅 = 7.9(1 − 𝑊𝑊𝑅)𝑈𝑊 + 3.3𝑊𝑊𝑅 × 𝑈𝑓

+ 114𝑊𝑊𝑅 × 𝑆𝐶 × 𝐶𝐹 − 18.2 
(6) 

 

  

  

  

   

Figure 3 Relationship between OTTV and cooling load 
 

Figure 4 PR distribution of target cities 
 

Figure 2 Annual cooling load of target cities 
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Table 2 Coefficient of Lp  

City 𝑐1 𝑐2 𝑐3 𝑐0 R2 𝐿𝑏 

Taipei 1.92 0.03 56.24 35.4 0.98 41 

Hong 

Kong 
2.45 0.5 47.99 35.5 0.99 42 

Hanoi 3.52 1.13 58.39 38.32 0.98 47 

Bangkok 4.22 2.18 58.08 42.34 0.99 52 

Kuala 

Lumpur 
2.84 0.9 53.85 38.63 0.99 46 

Singapore 2.94 1.04 55.43 38.85 0.99 47 

Bandar 

Seri 

Begawan 

3.23 0.97 60.53 38.65 0.99 47 

Manila 3.1 1.38 55.61 40.18 0.99 48 

*𝐿𝑃 = 𝑐1(1 − 𝑊𝑊𝑅)𝑈𝑊 + 𝑐2𝑊𝑊𝑅 × 𝑈𝑓 + 𝑐3𝑊𝑊𝑅 × 𝑆𝐶 × 𝐶𝐹 + 𝑐0  

  

In addition, the conversion of PR to ENVLOAD and PR 

to OTTV is also discussed in this study. The index that 

regulated by the local standard is compare to the PR that 

calculated basing on the local baseline model. Take the 

conversion results of Taipei and Singapore as examples 

(Figure 5~Figure 6), when the standard value of 

ENVLOAD in Taipei is 70, it can be converted to the PR 

as 26; when the value of OTTV in Singapore is 45, it can 

be converted to the PR as 7. According to the conversion 

results, the difference between two indexes can 

standardized by PR, and the comparison of different 

countries can be more clear through PR.   

 

 

Figure 5 Relationship between ENVLOAD and PR in 

Taipei 

 

Figure 6 Relationship between OTTV and PR in 

Singapore 

 

In addition to suggest the general index PR, this paper also 

discussed the impact level of the factors that make 

influences on the building cooling load through sensitivity 

analysis for clarifying the importance of each parameter 

in the model, including the WWR, U-Value of wall (UW), 

U-Value of window (Uf), shading coefficient of glass 

(SC1), coefficient of exterior shading (SC2). According 

to the sensitivity analysis result shown in Table 3, it is 

known that the SRC of WWR, SC1 and SC2 in all the 

target cities are the most important factors that the design 

of wall and window are the significant factors which make 

influence on building cooling load.  

 

Table 3 Sensitivity analysis of parameters 

 WWR UW Uf SC1 SC2 

Taipei 0.54 0.13 0.02 0.52 0.45 

Hong Kong 0.52 0.19 0.07 0.51 0.42 

Hanoi 0.51 0.22 0.12 0.48 0.41 

Bangkok 0.53 0.25 0.18 0.45 0.37 

Kuala 

Lumpur 
0.54 0.2 0.1 0.51 0.42 

Singapore 0.54 0.2 0.12 0.5 0.41 

Bandar Seri 

Begawan 
0.53 0.2 0.1 0.5 0.41 

Manila 0.56 0.2 0.13 0.49 0.39 

Sample size: 1440 

 

➢ Adjustment of PR standard for different eras and 

scenarios 

In this section, the building cooling load of the 360 

models are simulated under the conditions of different 

time periods including 2030, 2050, 2070, 2090, and three 

scenarios (RCP2.6, RCP4.5, RCP8.5). The cooling load 

of the buildings that certificated by the Taiwan-EEWH 

system in the 2010s is regarded as the current baseline 

case to compare with the results of future time period to 

clarify the variation of building cooling load that caused 

by the future climate change. In addition, in order to meet 

the standard of the Taiwan-EEWH system, the proper PR 

standard for different scenarios is also formulated 

respectively for the four timelines mentioned above.  

Firstly, the simulation result of building cooling load is 

shown in Figure 7. Take the result of Taipei for example, 

under the scenario of RCP2.6 (emissions of greenhouse 

gases declining), it shows that the annual building cooling  

load of 2090s becomes less than 2050s, which means the 

global warming becomes moderate, the cooling load of 

most of the cases are 40W/m2; regarding the result of the 

scenario RCP4.5 (pathway for stabilization of radiative 

forcing by 2100), the distribution curves of cooling load 

gradually shifts to the right since 2010s to 2090s, the 

cooling load of most of the cases are increasing from 

40W/m2 to 45W/m2 until 2090s; as for the result of the 

scenario RCP8.5(emissions of greenhouse gases continue 

to rise throughout the 21st century), the increasing of 

annual cooling load becomes extremely obvious as time 

goes by. 

According to the previous study(Kao, 2020), the PR value 

which corresponding to the ENVLOAD value for passing 

the Taiwan-EEWH system certification is 30. Take the 

result of Taipei as example, under the scenario of RCP 4.5 
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in current time period, in order to meet PR=30, the 

building cooling load needs to be maintained as 41 W/m2. 

Regarding the result of building cooling load in different 

time periods, it is known that if maintain the standard of 

PR=30, the corresponding building cooling load will 

increase to 46 W/m2 in 2090. Moreover, under the 

scenario of RCP8.5, the building cooling load increases 

from 42 W/m2 in 2010s to 51 W/m2 in 2090s (Figure 7).  

 

 

Figure 7 Variation of building cooling load  

 

The results shown in Table 4 is the comprehensive results 

of all the target cities under the RCP2.6, RCP4.5 and 

RCP8.5, the building cooling load in different eras are 

calculated by the standard of PR=30. Specifically, the 

range represents the maximum and minimum value of 

simulation result within three scenarios. Besides, the 

results of cooling load in 2010s are regarded as the 

baseline cases to clarify the increasing ratio. According to 

Table 4, it is known that the increasing ratio of cooling 

load becomes obvious as time goes by which can even 

achieve 32% in 2090s. In addition, comparing to the 

building located in the region of relatively high latitude, 

the cooling load of the buildings located in the region of 

low latitude increase much more obvious. Therefore, it is 

essential to formulate the strict standard for PR in the 

future to maintain the same building cooling load as it was 

in the 2010s. Regarding the adjustment of PR, the 

building cooling load of each target city which meets 

PR=30 in 2010s is regarded as baseline to adjust the PR 

in different eras. For instance, the current cooling load of 

the building in Taipei is 41 W/m2, 41 W/m2 is fixed for 

adjusting PR value under different scenarios and time 

periods. Specifically, referring to Figure 8, it is known 

that in order to maintain the cooling load of 41 W/m2 in 

2030s, the PR value is regulated as PR=25 under the 

scenario of RCP2.6, PR=26 under the scenario of RCP4.5, 

PR=24 of RCP8.5; as for 2050s, the PR value is regulated 

as PR=23 under the scenario of RCP2.6, PR=21 under the 

scenario of RCP4.5, PR=18 of RCP8.5; in 2070, PR=22 

under the scenario of RCP2.6, PR=20 under the scenario  

Figure 8 Relationship between PR and cooling load  
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Table 4 Increasing trend of building cooling load and ratio 

 

of RCP4.5, PR=9 under the scenario of RCP8.5. It is 

known that when the trend of climate change becomes 

worse, the standard of PR needs to be stricter to restrain 

the increasing amount of building cooling load. On the 

other hand, the results show that the current existed 

standard is inappropriate for future. 

The adjusted PR value for different eras of all the study 

target cities are sorted in Table 5 which is calculated on 

the basis of the building cooling load that meet the 

standard of PR=30 in 2010s; besides, the PR values 

shown in Table 5 are the average value among three 

scenarios. Regarding the results, the PR value formulated 

for the four timelines in eight target cities are respectively 

in the range of 22%-25%, 17%-21%, 12%-18% and 9%-

15%. It is known that when facing the trend of climate 

change, it is essential to formulate a stricter PR standard 

to maintain the building cooling load as the value that 

meets the standard of PR=30 in 2010s.  

 

Table 5 Adjusted PR value of different eras 

 

Conclusion 

The OTTV index has been adopted to evaluate the 

building envelope performance for a long period of time; 

furthermore, it is also transformed and reformed by many 

researches up-to-date for applying to different countries 

or cities and to different building type. For instance, the 

high-rise hotel in Malaysia (Abdul Nasir &Hassan, 2020), 

commercial buildings constructed with green roof in 

Hong Kong (Chan &Chow, 2013), etc. In addition, it has 

been reformate to be simply applied by designers 

(Kusumawati et al., 2021; Singhpoo et al., 2015). 

According to aforementioned, owing to the application of 

OTTV is vigorous and has been converted into various 

forms to be utilized appropriately by several studies 

nowadays, this study suggested a general index on the 

basis of OTTV for countries located in similar climate 

zone in order to consistently compare and evaluate the 

envelope performance of buildings located in different 

locations. In this paper, the OTTV index which is suitable 

for the target cities located in the hot –humid region is 

proposed by simulating the building cooling load of a 

massive amount of office building models, and adjusting 

the coefficient by regression analysis. For the purpose of 

clarifying the adequacy of OTTV, the correlation between 

OTTV distribution and annual cooling load of the 360 

models are also confirmed. Specifically, the results show 

that OTTV is a favorable thermal performance index that 

the OTTV and building cooling load are in linear relation 

with high correlation.  

Since that OTTV is an adequate index for evaluate the 

thermal performance, the PR index which is developed on 

the basis of OTTV is considered to be convincing. Unlike 

OTTV, PR is a relative value which is a ratio between the 

study case and baseline case which can avoid the 

controversy that evaluating the local cases by the index 

which established by the conditions in different climate 

zone. In addition, according to the PR distribution of 

different target cities is extremely identical, a general PR 

index for subtropical region is confirmed.  

Era  Taipei 
Singapor

e 
Hong 
Kong 

Kuala 
Lumpur 

Bandar Seri 
Begawan 

Bangkok Hanoi Manila 

2010s 

(Baseline) 

Building cooling 

load (W/m2) 
41 62 40 61 63 72 49 63 

2030s 

Building  cooling  

load (W/m2) 

42.3~42.

9 

64.4~65.

9 
41.9~43.2 63.1~64.9 65.5~67.2 76.8~77.6 50.5~51.5 63.8~65.9 

Increasing ratio 3~4 (%) 3~6 (%) 4~7 (%) 3~6 (%) 3~6 (%) 6~7 (%) 4~6 (%) 2~5 (%) 

2050s 

Building  cooling  

load (W/m2) 

43.4~44.

8 

66.1~70.

5 
43.4~45.7 65.5~70.2 67.5~70.7 79.2~83.2 51.6~55.8 66.6~68.5 

Increasing ratio  5~9(%) 6~13(%) 7~13(%) 7~14(%) 6~11(%) 9~15(%) 6~15(%) 6~9(%) 

2070s 

Building  cooling  

load (W/m2) 

43.7~48.

1 

66.2~75.

3 
44.5~49.3 64.7~74.8 67.4~75.9 79.3~89.8 53.6~59.6 66.2~73.1 

Increasing ratio  6~17(%) 6~21(%) 10~22(%) 5~22(%) 6~20(%) 9~24(%) 10~23(%) 6~17(%) 

2090s 

Building cooling  

load (W/m2) 

43.1~51.

3 

66.2~80.

3 
43.1~53.4 64.8~79.8 67.0~80.5 77.7~95.7 52~64.1 65.7~76.6 

Increasing ratio  5~25(%) 6~29(%) 7~32(%) 5~30(%) 6~27(%) 7~32(%) 7~32(%) 5~22(%) 

*The range represent the maximum and minimum value of simulation result within three scenarios (RCP2.6, RCP4.5, RCP8.5) 

 2030s 2050s 2070s 2090s 

Taipei 25 21 17 13 

Hong Kong 22 17 12 9 

Hanoi 23 18 12 11 

Bangkok 22 17 13 11 

Kuala 

Lumpur 
24 18 14 12 

Singapore 24 18 14 12 

Bandar Seri 

Begawan 
25 20 17 14 

Manila 25 20 18 15 

* The adjusted value is corresponding to the building cooling load of 

PR=30 in 2010s. 
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For the purpose of expanding the Taiwan-EEWH system 

overseas, instead of applying the existing ENVLOAD 

index, the new index, PR, is able to unify the domestic 

and overseas versions, and evaluate the cases consistently. 

Besides, in order to reasonably utilize energy in buildings, 

the building cooling load of different time periods in the 

eight target cities are predicted to clarify the variation 

trend under different scenarios. Furthermore, the proper 

ranges of PR to restrain the cooling load in the future are 

suggested. For instance, according to the results, it can be 

known that the PR criteria for Taipei is decrease from 25 

of the 2030 to 13 of the 2090, which is an obvious 

variation that cannot be ignored. Therefore, the 

appropriate building envelope design is urged to improve 

the performance for corresponding to the future climate 

conditions. Briefly speaking, in order to evaluate the 

building envelope thermal performance, a general PR 

index which can be applied to the countries in subtropical 

region is proposed in this study. Through the appropriate 

PR index and the adjusted range for future standard, it is 

expected to suggest the efficient strategies for building 

energy-saving. Moreover, provide some useful references 

and guideline of building envelope design strategies for 

architects under the trend of climate change.  
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Nomenclature 

𝑂𝑇𝑇𝑉 Overall thermal transfer value (W/m2) 

𝑖  Numbers of façade 

𝐴 Floor area of perimeter zone (m2) 

𝑛  Numbers of perimeter zone 

𝑐1 Coefficient of the U-Value of wall 

𝑈𝑊 U-Value of wall (W/m2K) 

𝑐2 Coefficient of the U-Value of window 

𝑐0 Coefficient of orientation 

𝑈𝑓 U-Value of window (W/m2K) 

𝑊𝑊𝑅 Window wall ratio (%) 

𝑆𝐶 Shading coefficient of glass 

𝐶𝐹 Correction factor of orientation 

𝑃𝑅 Performance rating (%) 

𝐿𝑃  Annual cooling load of the perimeter zone of study 

case (W/m2) 

𝐿𝑏 Annual cooling load of the perimeter zone of baseline 

case (W/m2) 
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