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ABSTRACT 

Several attempts have been made in tropical countries to conduct green mock-up research on which 

parameters can better withstand the heat and humidity: Walls, windows, roofs, and even shadings have 

been tested in mainly so-called contrived experiments. The challenge of a tropical "holistic" Passive 

building is to bring ALL those relevant parameters into play in different seasonal and weather situations 

whilst expelling the interference of the hot outside air. In principle, this is happening anyway for most 

commercial buildings and Passive Houses in all other hemispheres alike, but it is not common for tropical 

residential building strategies. The author refers back to a database of 250 days from a suburban area in 

Malaysia. Data out of 4 typically hot months in the year 2017 in detail with 3 adjacent real mini-residential 

Passive and 1 "red" House(s) with the same positioning for ambient temperature and the most vulnerable 

part of the building envelope which is the window were cross-examined. The well insulated, basically 

almost airtight and optimum shaded building with ventilation performed cooler in almost all cases during 

the rainy season and the increasing number of transition periods. Without aircon and due to the lack of a 

moisture barrier it remained humid, but with no harm for occupants and the building envelope. The 

Passive holistic design will work best i.e. energy efficiently in a combination of a) nighttime active usage 

of green cooling (i.e. cross ventilation or water-based cooling ceilings). During b) daytime, among other 

related modules looked in, cooling is based upon passive envelope features PLUS shading. For various 

reasons, compared to buildings in the colder hemisphere (such as tropical thin building envelope and no 

triple glazing required), the payback of the Tropical Mass Residential Passive House comparing OPEX 

and CAPEX is reasonable with 5-6 years. 

 

Keywords: building resilience and adaptability, energy efficient building materials, climate change, 

thermal comfort, testing of passive houses. 

 

 

1 LITERATURE REVIEW: PASSIVE TECHNOLOGY AND HOLISTIC PASSIVE HOUSES 

In tropical countries is has become common to talk compassionately about “passive design” and 

“passive technology” [1]. These buzzwords ignore or suppress the fact that its output, a state-of-the-art 

Passive House resembles a team or an orchestra: We as builders or researchers are like its leaders or 

conductors, acknowledging that the ensemble is only as strong as the entirety of its modules. Conversely, 

passive technology patchwork is probably just halfway better compared to conventional houses. E.g. to 

install windows that comply with the Passivhaus standards, if other constitutive parts of its 5-8 core 

modules are missing, is no climatic breakthrough yet. A passive house works only as good as it should, 

when all its modules have a chance to work synergetically together. Accordingly, we will state that it is 
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not so necessary to study single modules, but the whole compound of different Passive Houses, 

benchmarked against each other and a typical conventional “red” building. 

To illuminate the lower significance and effectivity of testing single modules can be demonstrated 

by laboratory experiments with the isolated testing of all 4 basic parameters: the walls, the roofs/ ceilings, 

floors and the windows including shades. 

 

Figure 1: Comparison of coated vs. uncoated Windows in a typical Glasshouse Experiment 

 
 

If anyone intends to dwell in a living space surrounding yourself with glazes, the sun’s tropical 

radiation will not kill the person, but diminish the heat by the air condition fully running. For the occupant, 

hence it will pretend that the hotness is not present. But how many “green” certified modern glazing 

palaces especially in commercial buildings are still constructed that way? 

Isolated single experiments like these rather demonstrate typical glazing palaces. A Windows-

Wall Ration (WWR) of up to 100% windows may be seasonally fine for winter gardens in the cold 

hemisphere during transition periods seeking any radiation. When an energy saving compared to 

conventional windows after 7 typical observed sunny-cloudy days of 53/76= 30% was reported [2], that 

might give a legitimisation and rise for glazing façades. However, they do not show the real energy saving 

potential of a Passivhaus with 70-80% when reasonably smaller coated windows plus smart shadings are 

two synergetic modules of the whole tropical passive design [3]. With other words, the question may arise, 

why are professionals still looking for 30% saving when much more is at stake here [4]? Maybe scientists 

are conditioned that way or they serve the façade industry. 

Of course, first of all a wall provider wants to sell walls, as a windows provider glazing. With the 

exception of window frames providers, who depend on windows, not much synergy can be found. Over 

8 years of visiting green building suppliers in South East Asian green expos, only one booth presented the 

Passive House as a whole, but it turned out that the exhibitor was just visionary on one hand, marketing 

his conventional insulation material on the other. Asking a shading firm to talk with a smart devices 

provider, stopped already after their GMs having exchanged their name cards. That is why this paper starts 

with a non-technical issue which is a severe lack of communication of potential passive partners, just to 
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talk to each other, and go for strategic partnerships. The PV-seller should talk to the wall provider, and 

everyone else in the potential passive house premier league should play together as a team, to make the 

overall idea of a fast payback Passive House work. 

Hence, the testing of the Holistic “original” Passive House Standard does not consist of 

technological single “design” solutions of green walls, windows, roofs/ceilings or floors. Like in the 

orchestra above, the violin cannot replace the playing of the trumpet or the drums. It resembles the 

research initiated here, comprising of the entire building, which then as an output factor stands for its 

measurable energy efficiency, indoor air quality including thermal comfort [5]. Whereas isolated passive 

design solutions remain patchwork, Passive Houses in their totality with all their core modules integrated 

at the same time require very little energy to achieve a comfortable temperature all year round. They are 

making conventional heating and air conditioning systems more obsolete. According to those who would 

like to see passive technology also happen in the neglected tropical belt [6], prior to our own research we 

will now derive the adapted modules for tropical passive houses as framework. They are based on the 

original passive house approach, but will break the rule a bit as they might go beyond the original 5 core 

modules of its founders in the 1980s and 1990s. They are not at all obsolete, as they represent the 

renowned smallest joint toolbox for the ensemble of a Holistic Passive house technology [7]: 

 

Figure 2: The Principle of 5 Elements of an original (Non-Tropical) Holistic Passive House in all Climates? [8]: 

 
 

1.1 TROPICAL HOLISTIC PASSIVE HOUSE - A SYSTEM OF 7-8 INTERWOVEN CORE 

MODULES 

The elements and benchmarks of a tropical Holistic Passive House go a bit beyond, not because 

we wanted to break with a rule or a dogma, but because this is how our research has evolved from our 

experiments. They have been elaborated on with the initiative of an international architecture Passive 

House firm from Munich / Germany. Basically they should adhere to a new entirety (totality) with the 

following 8 revised core modules of 5 real passive, and 2-3 active elements as well: 
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Figure 3: Passive and Active – Family Tree of the 7-8 Tropical Passive Building Core Modules 

 
 

The core modules and benchmarks of a tropical Passive House with the 7-8 modules of 5 passive 

and then 2-3 active elements are not exactly contradictory to the original 5 criteria, but they add on to the 

existing ones. 

 

Table 1: 7-8 Core Modules and Benchmarks of a Tropically Adapted Passive House 

No Element Description 

1. 

 

Building Orientation 

Depending on the latitude of the location, in the design stage buildings the 

orientation will be optimised by minimising or eliminating solar exposure through 

the windows (passive). On islands like Singapore, the most common wind direction 

can come into play, but does not seem to be always predictable. In most places, 

relying on the cool breeze, especially during night times, is not enough to achieve 

residential thermal comfort. 

2. 

 

Building Envelope 

Insulated walls, roofs and low-e windows will reduce the external heat penetration 

including thermal bridges while maintaining the desired ambient tropical 

temperature range in the interior of the building or room. Double or even triple 

glazing does not seem to be necessary, because the temperature differential is much 

lower than for cold countries where this is necessary due to the high differential. 

Tropical countries better invest into less convective window frames with heat brakes 

and into shading (no.5) (passive). 

3. 

 

Basic Airtightness 

A basically (but not strict!) airtight tropical building envelope with minimized 

thermal air bridges will prevent infiltration of “default” too hot, sometimes too 

humid and polluted air, whilst maintaining the desired indoor temperature. 

Airtightness is not as radical as in countries with sometimes vast differences between 

the outside and inside temperature. It does not exclude fresh natural or mechanical 

ventilation from outside if needed (passive). 

4. 

 

Reflective Coating 

Outer surfaces of the building envelope are coated with brighter colours which 

reflect solar radiation to further reduce heat gains into the building. They contribute 

to lower heat gains through the wall, the roof / ceiling and the windows (passive).  

5. 

 

Shading 

External shading tools (fixed or movable) will stop direct solar gains inside the 

building or the room through the windows. Different compared to cold country 

passive standards which have been adapted to the tropics, reducing the heat gain is 

not about double, triple glazed sun protection windows which is considered as not 

necessary for the small temperature difference between the real outside and the 

desired inside temperature (passive with a bit of smart active for flexibly opening 

the shades to let natural light inside the building when direct radiation is absent). 



 

3759 

 

South Florida Journal of Development, Miami, v.3, n.3. p.3755-3772, may./jun., 2022. ISSN 2675-5459 

 

6. 

 

Dehumidification? 

Considered just as a comfortable option for enclosed buildings or rooms, but not 

applicable for naturally ventilated ones. In these cases, built-in energy recovery 

systems will dehumidify the supply air, reducing latent cooling load and ensuring 

indoor air - comfort and at certain humid periods with longer night time humidity of 

90% prevention of mould growth (passive or active). 

7. 

 

Efficient Ventilation 

A constant supply of fresh air from outside keeps the indoor environment healthy. 

If mechanical fans are used, in polluted areas the outside air should be filtered. In 

conjunction with A/C during night times in some places like tropical highlands the 

air can be pre-cooled to gain also cool air before penetrating the interior. The 

ventilation system is different to the colder hemisphere: it maximises the air stream 

during certain night times when it is cooler outside (active). 

8. 

 

Air Movement 

Type 1: Stand, table or ceiling fan systems preferably in combination with 7. allows 

high set-point temperature for cooling systems while providing individualised 

thermal comfort for occupants by reducing the ambient felt- temperature.  

Type 2: Air supply for the A/C which should be often minimized as the cooling 

pushes in with 11 oC which is uncomfortable like a draught in the colder hemisphere 

(active).   

 

This is how basically all these 7-8 core modules work together to create and maintain a decent 

indoor air climate in tropical climates: 

 

Figure 3: Interplay of 7-8 Core Modules of a Tropical Holistic Passive Design (IPHA, 2016) [9]: 

 
 

1.2 THE EMERGENCE OF ADDITIONAL MODULE 9 AND 10 – NOT ONLY FOR TROPICAL 

PASSIVE HOUSES 

These 2 add-on modules show that a mere passive house without active elements (namely air 

movement and cross ventilation in module 7 and 8) is doomed to fail. Whereas their “only” purpose in 

countries of the Northern hemisphere might be a minimum of fresh air supply, tropical countries’ 

application need also cooler air (especially during the night time) and healthy air in cosmopolitan areas 

where air pollution protection is a much greater threat. Module 5, however, contradicts the imperative of 
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fresh air intake, as drawing in outside air will always increase the relative humidity, especially during the 

night time. In addition to the potential module no. 6, two more novel “active” elements can be brought in: 

no 9. Building automation, and no 10. the Passive house “plus” engineered in part or fully with renewable 

energy, need to be considered more and more with the grid parity [10]. 

 

Table 2: Modules 9 and 10 of a Tropically Adapted Passive House 

No Element (Cont.) Description (Cont.) 

9. Building Automation A building with all technical services connected, in order to achieve an optimum 

level both of comfort and smart green efficiency. It is a type of smart building that 

is able to autonomously adjusts itself to those needs better than inverters (e.g. if the 

set point of ambient temperature where occupants are sitting, standing or sleeping, 

is chosen at a reasonable 28.6 °C the temperature shall always be 28.6 °C). It echoes 

in the extended definition of ‚Passive‘, where the automation system is active, but 

works in the background. In so doing, Conventional Passive House principles in 

combination with Digitalization will create Passive House as Building 4.0, as an 

enriched solution for the future. 

10. Renewable Energy A building that deploys renewable energy whenever possible and feasible, such as, 

first and foremost, solar photovoltaic (PV) and solar thermal. This is considered in 

the “Passive House Plus” concept of the IPHA. But now as lots of other low or zero 

energy houses not being passive houses are emerging, despite the fact that especially 

PV is a trigger for the Passivhaus still being the most energy efficient building on 

the planet, it does not yet appear as extra module. 

 

Many of us run smart cars run more and more as renewables, why don’t we have such buildings 

as well where we spend 1/3 of our lifetime? Building automation is one name of the smart system. 

Every °C HIGHER temperature in tropical countries will save on balance around 4-7% of the cooling 

energy and carbon footprint required (Malaysian Government, 2011). Passive House 4.0 on the other 

hand, advanced information technology has rapidly digitalized our world and increased the importance of 

connecting all areas in passive deluxe buildings (bus system). Beyond automated temperature for Triple 

Green affordable Passive Houses, together with CO2 sensors are the basics for Premium Passive homes. 

The Passive House Standard 4.0 is the ideal solution. Applicable for all climates, materials, construction 

methods, designs, technical services it is not limited to a monopolist manufacturer. These Holistic Passive 

House principles have been fully developed to be adapted for different climates proven to be economical 

with reasonable payback periods. 

The result is a building with all technical services connected, in order to achieve an optimum level 

both of comfort and smart green efficiency. The occupants as masters technically play a secondary role 

in controlling the building, by merely stating their needs. The building autonomously does the rest: it 

adjusts itself to those needs better than inverters (e.g. if the set point of ambient temperature where 

occupants are sitting, standing or sleeping, is chosen at a reasonable high end of 28.6 °C). It echoes in the 

extended definition of ‘Passive’, where the automation system is active, but works in the background. In 
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so doing, Conventional Passive House principles in combination with Digitalization will create Passive 

House as Building 4.0, as an enriched solution for the future. 

Meanwhile, the usage of renewable energy, first of all solar PV and solar thermal, play a vital 

role, but are often requested as “add-ons” to call the building passive in 3 stages. Classic Passive Houses 

allow also the less privileged to own or rent a house based on all 7-8 core modules of Holistic Passive 

technology. Such “triple green” houses are also affordable - resilient to be upgraded to become Plus 

Passive Houses with renewable energy to safe more operational costs, especially photovoltaic. We decided 

to go for Plus, running night time ventilation and LED-lights with affordable PV. 

Finally, before we shed light on the secrets of Holistic Passive technology and follow the stream 

of avoiding active elements unless needed, the following table demonstrates likely differences between 

its cold hemisphere features and its emerging tropical features: 

 

Table 3: Seven Elements of Colder Hemisphere compared with Tropical Holistic Passive Technology 

Element Moderate  

cold Hemisphere 

Equator-near 7 ⁰ Tropical 

(1) Windows Triple Glazing as standard to 

prevent coldness at a lambda 

T of up to -30 ⁰ Celsius  

Ideal Types:  

Double layer coated on window pane 2 to prevent heat transfer 

+ Film (if sunlit) with UPVC-frame, or  

Single coated with UPVC-frame (if fully shaded to avoid 

convection of 32-36⁰C of common outside temperature 

through the windows panes): BUT WINDOWS DO NOT 

EXPLICITELY APPEAR 

(2) Insulation Different layers of up to 40 

cm exterior walls thickness 

Green Walls calculated as < 22cm to insulate or fibre (blow, 

resilient and construction board) 

(3) Green Retrofitting … Cladding, shutter, overhang roof, outside blinds, IAQ 

(4) PV Mono/Poly Crystalloid 

producing optimum yield 

Higher performances by thin film technology. Parity Grid 

produced forecast for Malaysia in 2026/27 (cf. Millot, 2013) 

(5) Solar Thermal warm water supply, link PV) Warm water supply just for wealthier households with a 

certain market penetration compared to “red” water heaters 

(6) Heat Gain e.g. by 

people/ personal 

computer in small size 

rooms 

Functional more or less 

during all seasons except 

during hot summer days 

when automated shades are 

used 

Always dysfunctional 

(7) Cooling Exceptional. 

E.g. terracotta tiles in 

conjunction with nighttime 

opening.  Geothermal – cold 

water as slab cooling. A few 

fans against the slightly 

increasing numbers of A/C 

Smart conventional A/C (or inverter?), 

 outside nighttime “flush” ventilation in non-coastal and 

certain areas in low altitude, rare cooling ceilings 

VRF-ventilation systems  

– rain or well water or heat exchanger [11]: 

 

3 METHODOLOGY 

We succeeded to bridge the communication problem indicated above, by bringing people as 

sponsors and partners from different industries for the experiments together. Convincing industry players 

concerned with walls, insulation or roofs was not difficult. The sponsors that we acquired during green 

expos in Kuala Lumpur  and Singapore were invited to install their module at the site (British-Malaysian 
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Institute at the University of Kuala Lumpur, Malaysia). In future, we told them they might not be selling 

walls, windows or roofs alone, but could be part of entire buildings based on our blend of Passive House 

technology. Our entirety approach consisted of the construction of four mainly sponsored mock-up 

buildings which are; i) Three different tropical passive houses according to the 7-8 modules above and ii) 

One “Red” building  with typical conventional house design. Each of the four mock-ups with dimensions 

of 2.7 m high, 3 m wide, and 3 m deep were equally constructed as life labs or rooms where at least 2 

persons can stand upright, sit comfortably and even sleep inside. Hence, we will not refer to them as “test 

cells”, as they are real bedroom chambers or even small houses a person could live in. They are not longer 

laboratories, and are kept so small not only due to financial restrictions. They keep their tiny format to 

prove or disprove the superiority of passive technology as a whole - without disturbances due to interfering 

variables in more complex situations with additional different rooms. 

 

Figure 4: 3 Green & Energy Efficient Passive Buildings based on the Passive House design (left) and the (later improved 

coated) conventional house (right) at the Triple Green Mock-Up Building Park with the same positioning on UniKL’s premises 

at Gombak/ Kuala Lumpur 

 

 

The average window-to-wall ratio is 31% each for East, South and West direction, whereas North 

where the door is located it is 0%. Positioning was identical and shading was almost equal, a few 

compromises in terms of some high trees’ sun path had to be made due to space restrictions. The PASSIVE 

HOUSE walls of the coolest house elaborated on below are made of double layer clay bricks with a low 

U-value of 0.88. Meanwhile, the „RED“ BUILDING portrays the common, typical control unit of a 

standard low-cost house made of basically sand cemented bricks or concrete.  Further details of the design 

of both buildings are provided in Table 4 below. 
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Table 4:  Architectural design of passive buildings (PASSIVE HOUSES) and red building („RED“ BUILDING). 

Mock-Up 3 green PASSIVE HOUSES  Mock-Up „RED“ BUILDING 

  

• Almost airtight 

• High insulation capability walls 

• Ventilated roof, isolated ceiling 

• Solar panels for LED lighting 

• Coated compared to sun protection 

double-glazed windows 

• UPVC window frame 

• External shutters 

• Open air (closed for the experiment) 

• Standard concrete and bricks 

• Uninsulated roof 

• Apron with drain 

• Single-glazed windows 

• Aluminium window frame 

• Fluorescent lights 

 

We would like to take note that for the purpose of the experiment we had typically not closed the 

single glazed windows of the „RED“ BUILDING to measure the impact of the double glazing in the 

PASSIVE HOUSE. With all windows and doors tightly closed, the ambient temperature and relative 

humidity of the buildings were measured by data loggers. Meanwhile, the inner surface temperature of 

the single-glazed of „RED“ BUILDING and double-glazed window of PASSIVE HOUSE was measured 

by a digital infrared thermometer. 

Out of many results over 5 years of study which yet need to be compiled, we just want to point out 

a few significant results of a 7 days study. We have developed a kind of enzyclopedia data, but are not 

able to replicate their magnitude within this restricted space. For onward readings, we would like to refer 

to the comprising ebook [12]. The period for the simulation was from the dry months of March to April 

2016 with a total of 7 selected typical tropical sunny-cloudy days (with hardly any significant rain). As so 

far 2016 is still the hottest year in history, we can still claim that recent temperatures of the global 

Warming find their echo in our database. 

The performance of the tropical residential PASSIVE HOUSE was evaluated based on the 

following indicators: (1) mean and maximum temperatures of ambient and window inner surface, (2) 

temperature difference ratio (TDR), and (3) the percentage of overheated hours based on the sigma / 

compliance level (measured in percentages). The three variables are adapted from Amos-Abanyie et al. 

(2013) [13]. The TDR formula proposed by Givoni (1999) [14]  is modified in this study 

as the following; 

 

𝑇𝐷𝑅 =  
(𝑇𝑚𝑎𝑥𝑜𝑢𝑡 − 𝑇𝑚𝑖𝑛𝑜𝑢𝑡)

(𝑇𝑚𝑎𝑥𝑜𝑢𝑡 − 𝑇𝑚𝑎𝑥𝑖𝑛)
 

 

where 𝑇maxin is the maximum ambient temperature, 𝑇maxout is the maximum outdoor temperature, and 

𝑇minout is the minimum temperature outside. 

(1) 
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4 RESULTS AND DISCUSSIONS 

4.1 WE WILL RESTRICT OUR FINDINGS TO THE COMPARISON OF 4.1. THE INSIDE AMBIENT 

TEMPERATURE AND 4.2. THE WINDOWS (AS THE MOST CRITICAL AND MOST 

VULNERABLE PART OF A PASSIVE HOUSE) INNER SURFACE TEMPERATURE [15]. 

The following figures 5 and 6 present the comparison just between the coolest passive building 

and the red building via time series plots of the average ambient temperature within a 7-days experiment. 

The difference in the range of ambient temperature between these two sets could be clearly seen: 

Basically, the greenest PASSIVE HOUSE’s ambient temperature stays stably below the „RED“ 

BUILDING’s by 2-3 oC between the critical daily heat-up times from 10.30 a.m. to 5.30 p.m., and within 

the tropical residential thermal comfort level. The overheating effect of the ambient temperature above 

the maximum tropical residential thermal comfort level implies an “Upper Space Limit” (USL) of 28.6 

oC as its benchmark. Due to its non-airtightness, the „RED“ BUILDING often trails the outdoor 

temperature. In this particular study, on average the ambient temperature of the PASSIVE HOUSE starts 

to rise above the USL at 10.30 a.m. while it is much earlier for the „RED“ BUILDING around 8.30 a.m. 

This implies a cooling energy of 2 h which is indicated by the arrows below in the chart: 

 

Figure 5: Time series plots of the average ambient Temperature of PASSIVE HOUSE and „RED“ BUILDING against 

Outdoor Temperature. 

 
 

The predominant hot days with little to no downpour makes the ambient temperature fall outside 

of the human comfort zone for most times of the day. Thus it requires active cooling measures in both 

buildings. Nevertheless, the cooling load will be much lower in the 3 PASSIVE HOUSES than in the 

„RED“ BUILDING due to the lower range of ambient temperature and shorter duration of the overheated 

hours.  In order to compare the cooling requirement of the buildings more objectively, the TDR 

(temperature difference ratio) concept is used and calculated based on the range of outdoor and indoor 

temperatures between 9.00 a.m. (when the outdoor temperature steps out of USL) and 2.00 p.m. (when 

outdoor temperature reaches its peak). The TDR values of the PASSIVE HOUSE and the „RED“ 
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BUILDING were determined as 1.7 and 8.4 oC respectively. The much lower value of the PASSIVE 

HOUSE’s TDR indicates the large temperature difference between outdoor and indoor. Therefore it means 

less cooling and carbon footprint in the tropics with the always low DELTA T (ΔT) between the inside 

and outside temperature, if we compare to most other climates. 

 

4.2 WINDOWS 

Among the 4 parameters that need to be measured in an airtight building to determine the 

building’s reaction as typical transmitters, we find walls, roofs/ ceilings, floors and the windows. The 

latter are the most expensive and most vulnerable part of the building envelope. Therefore, we will 

exemplify our study on them. They have all the functions of a wall plus should be able to get daylighting 

and often visibility of the surrounding like nature or built environment. We did NOT measure U-or other 

architectural values as mere input variables, but simply the IST (inner surface temperature). As we made 

radiation under tropical circumstances by using shutters a herewith no-go in shaded Passive Houses, we 

could fully focus on the rest transmitting convection heat. Conductivity was of no relevancy either, as 

compared to the “RED” BUILDING with typical air leakages our PASSIVE HOUSE windows embedded 

in high performing UPVC-frames had no air leakages and thermal bridges from outside to digest and to 

account for. 

Again, we were not interested to investigate the windows’ capabilities to defeat the heat alone 

standing, but to look at windows as one part of the passive house compounds as an entire solution where 

all parameters are purposely brought into interaction. The following figure 6 shows the comparison of 

window IST between (a) PASSIVE HOUSE and (b) „RED“ BUILDING against the ambient temperature 

of the buildings. Again, the window IST of the PASSIVE HOUSE in overall is lower than that of the 

„RED“ BUILDING. The windows in the „RED“ BUILDING quickly surpass and skyrocket to a higher 

level after 8.00 am. The highest window IST of the „RED“ BUILDING is 33.7 oC, which is 2 oC higher 

than the PASSIVE HOUSE. Furthermore, it is interesting to note that in both sets, the window ISTs are 

always higher than the base ambient temperature of the building with a strikingly almost similar increasing 

trends. For example, as shown in Figure 6(b), the 3 dominant peaks of the ambient temperature and 

window IST of the „RED“ BUILDING are at close or exact time intervals which are at 11.00-11.30 am 

for the first peaks, 1.00-1.30 pm for the second peaks and at 4.30 pm for the third peaks. Thus, even 

shaded windows  could be one of the most critical contributors among building enclosure components 

that directly affects a building’s ambient temperature. 
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Figure 6: Window IST (Inner Surface Temperature) of (a) PASSIVE HOUSE and (b) „RED“ BUILDING against the building’s 

ambient temperature. 

 
 

Furthermore, the authors measured the occupants’ satisfaction level not to exceed the USL 

temperature levels by calculating the sigma test in stages. Both window ISTs as illustrated in Figure 7 

indicate that during dry and sunny days, only 3% for the „RED“ BUILDING’s single-glazed windows are 

still in range below the USL. Symbolically just disappointing 11% of the PASSIVE HOUSE’s double-

glazed windows are in range that shows the little effectiveness even though the windows are professionally 

tropically adopted. That means during the hotter days, even the expensive sophisticated double-glazed 

with tinted film could not provide a barrier from heat convection by 89% of the time. This is the fact that 

can never be shown when the air condition is on during such an experiment, because the actual heat 

transmission rate of the window never shows. Finally, across the board of all 7 days, Table 5 shows the 

overall comparison between the PASSIVE HOUSE and the „RED“ BUILDING in terms of ambient 

temperature and window IST. 

 

Figure 7: Sigma (customer satisfaction) scores in the 7 days comparison of window IST of the coolest PASSIVE HOUSE and 

the „RED“ BUILDING with 28.6°C upper space limit (USL) benchmark. 

 



 

3767 

 

South Florida Journal of Development, Miami, v.3, n.3. p.3755-3772, may./jun., 2022. ISSN 2675-5459 

 

As indicated in the percentages above, a Z.Bench of -1.211 means 11% likelihood that the double 

glazed shaded windows inside surface temperature meets the benchmark, and 1.921 means just 3% for 

the conventional ones typically left open during the day. 

 

Table 5: Performance of PASSIVE HOUSE and „RED“ BUILDING. 

Building Type/ 

Temperature (°C) 

Passive building 

(PASSIVE 

HOUSE) 

Red building 

(„RED“ BUILDING) 

Ambient max 32.1 34.2 

Ambient mean 29.9 31.6 

Window ISTmax 33.7 35.7 

Window ISTmean  31.6 33.8 

TDR-cooling requirement 1.7 8.4 

Overheated hours during 

daytime with still 

necessary supply of 

cooling 

89% 97% 

 

Based on the results of this preliminary study, against the shortcomings of the or any (!) windows 

experiments, we received indications that the well-insulated, almost airtight and optimum shaded 

PASSIVE HOUSE tends to be always cooler than the „RED“ BUILDING during the daytime. Under the 

weather conditions of tropical Malaysia with a residential comfort level of not exceeding 28.6 °C, the 

passive design will work best in a combination of night time usage of green cooling (i.e. forced mechanical 

ventilation or cooling ceiling), and daytime airtight plus shaded. If occupants are around, air conditions 

still need to operate frequently. Needless to say that about 50%  of its energy can still be saved by using 

an energy efficient, inverter-type set-pointed air conditioner at high thermal comfort level or a non-

inverter type in combination with a simple smart power interrupter system. 

 

4.3 CALCULATION OF PASSIVE HOUSE ENERGY BALANCE COMPARED TO THE 

CONVENTIONAL HOUSE 

Apart from our experiments, the energy balance was simulated and calculated by Dr Jürgen 

Schnieders who is in charge of the duplication and adaption of Holistic Passive house technology with its 

5 core modules to all other hemispheres apart from the moderate climate. Hence, the cooling load of our 

mock-up buildings was compared with Energy Balance Cooling via the PHPP (Passive House Planning 

Software). 

A computer simulation at 24.5 °C set point (starting from 30 °C) under the annual weather 

conditions of Manila was conducted, as data for Malaysia or Singapore were not yet available in 2016. 
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Even though after 5 years the weather is changing due to global warming, the result in a nutshell is striking: 

80% of the cooling energy which again is the main driver for global warming can be saved for potentially 

air conditioned rooms. Conventional tropical A/C driven room consumes 600 kWh/m2/a, whereas the 

“green” room will consume only 80 kWh/m2/a. The mock-up buildings which due to resource constraints 

are admittedly not yet a master piece of perfection at least consume only 200 Kwh/m2/a which means 1/3 

of the energy. Especially thermal bridges were still inherent in the installations. But they are real, and if 

2/3 of the energy can be saved it is a leap and the rest to go further to the passive room standard is 

continuous improvement. 

 

Figure 8: Energy Balance Cooling Simulation for Conventional Tropical House (Left) and Tropical Passive House with PHPP 

(Passive House Planning Software). 

 

 

5 CONCLUSION 

Apart from these thermal comfort experiments, further reaching conclusions can be derived from 

the database. The tropical passive house experiments measuring the entirety of all 7-10 modules for a 

tropically adapted Passive House showed under the microscope of 3*3m buildings that the cooling load 

compared to conventional houses can be reduced by about 80 %. If the symbolic set point is a USL of 

28.6°C for accepting the highest tolerable warm thermal comfort still without uncomfortable sweating, 

the saving towards that goal is an energy saving of 27% during typical sunny or sunny cloudy tropical 

days in low altitudes. 

The most important insight that comes out of our study is that this well insulated, basically almost 

airtight and optimum shaded passive mock-up building with 3 different kinds of systems is cooler in 
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almost all cases during the wet and the increasing number of more rampant transition periods. The holistic 

Passive House appeared almost always cooler, despite the winding spiral of global warming commonly 

still cool enough within the range of the higher USL (upper space limit) of tropical thermal comfort 

compared to its "red" competitor which stands for millions of maladjusted modern dwellings in tropical 

countries. 

The same research pattern accounts for 2/3 of all cases during the 6 remaining months of the “hot” 

and transition season as well. Designed for people, they appear and turn out to be heat tanks – where we 

can refer to a real cool alternative. However, in 1/3 of cases under observation during the hot and transition 

seasons of more than 3 days with no rain interference, the equation of “passive” = “better cooling” derived 

above could not be proven. Without air conditions OR always summer-like night time mechanical 

ventilation, the holistic passive building tends to become equally hot as the red building. Due to the heat 

stack effect, after 3 days without rain interception, the hotness surpasses its building envelope, and so it 

was seen as even hotter. 

It is probably an illusion to believe that in hot tropical countries for billions of occupants an air 

condition-free future in the yet unstoppable global warming decade of the 2020s is imaginable – unless 

the building is located in tropical areas of higher altitudes like Karnataka/India or Cameron 

Highlands/Malaysia [16]. Nevertheless, we will find out in how far their daily usage can be minimized by 

passive and then including their own active technology of energy saving and using renewables with the 

7-10 modules above. 

For various reasons, compared to buildings in the colder hemisphere (such as thin building 

envelope, no triple glazing required), the payback of the Tropical Passive House comparing OPEX and 

CAPEX reasonably for tropical house buyers is about 5 years. The condition is that it can be established 

and calculated as a mass product [17]. 

Only such sellable mass (and still: customised) passive homes in all developed and developing 

tropical countries can assist to curb global warming with the high impact. Basically, be it an upcoming or 

be it a retrofitted building, no green & energy efficient alternative of sustainable built environment rather 

to use the holistic passive house approach for the masses is visible [18]. 

Finally, ending this paper with a self-explanatory picture and its brief description will tell more 

than 1000 words [19]. For the establishment and reputation of Zero Energy Mass Customised Homes 

(ZEMCH), we can learn from the globe’s biggest Passive House real estate area “Bahnstadt” in Heidelberg 

/ Germany with 3,700 units [20]. Thus, “mass” for Passive Houses clearly means affordable, not at all like 

the bulk of prestigious beautiful projects passive house architects tend to be so proud of, cited and awarded 

for. Approximately 6,800 people will live in the optically less spectacular Bahnstadt in 2022, and up to 

6,000 people will work in its dedicated area which is called “Skylabs” [21]. Around 2,800 standard 
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apartments have been built already - a total of around 3,700 apartments will be ready for occupants to live 

in by 2022. Energy saving is the only relevant benchmark, whereas certifications like the British 

BREAMS, the American LEEDS, or the Singaporean Green Mark may have a full scope of criteria, but 

do not point out to what counts to reduce Global Warming. Hence, typically for Passive Houses 

certification, in the colder hemisphere they will save 90% of conventional homes’ energy. Due to the more 

expensive all-year-long necessary cooling efforts, the saving potential is lower, but still 80% for tropical 

residences and 70% for commercial areas [22]. As both standard houses will not cost more than 3-15% 

than conventional houses, the ROIs / simplified payback periods will not be more than 5 years which 

according to consumer standards in the West is reasonable and could open the door for viable business 

models [23]. 

 

Figure 9: Bahnstadt Heidelberg – so far the Globe‘s Largest Passivhaus Settlement [24] 
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