
      Abstract— Buildings consume 40% of resources around the 

world, low energy building is fast becoming a major component 

of sustainable development. However, limiting the concept of 

low energy buildings to new builds will only undermine its ef-

fects and benefits as there are numerous existing buildings that 

consume uneconomical energy resources irrespective of how en-

ergy efficient the new ones are. Therefore, retrofit interventions 

to existing buildings is important in decreasing resource con-

sumption and increasing energy efficiency. Some various retro-

fit interventions already exist towards reducing energy con-

sumption in residential buildings but deciding on a specific ret-

rofit intervention needs assiduous consideration. Hence, this pa-

per focuses on the review of retrofit interventions and their en-

ergy performances. It was found amongst others that clay 

bricks, sand line, and pre-fabricated walls consume less energy 

than concrete bricks by 16%, 23%, and 25% respectively. Elec-

trochromic glazing system with no shading device was also 

found to have reduced heat gains by 53%-59% in winter and 

summer. It was concluded that further research would benefit 

from the combination of the various interventions to create 

pathways for building retrofit in hot humid climate, the path-

ways can be tested with a dynamic thermal simulation software 

for energy performance. 

  Index Terms—Retrofit interventions, Hot Humid Climate, Low 

energy, Energy performance 

I. INTRODUCTION 

 

Climate change has a significant effect on the ecosystem, the 

rise in the atmospheric temperature of the globe, intense cold 

and heat waves, rising ocean levels, and lot of climatic irreg-

ularities are the drivers of the climate change. [1] concluded 

that increase in the effect of climate change is as a result of 

human activities that keep releasing greenhouse gases in the 

atmosphere with Carbon dioxide (CO2) having the highest 

concentration. Consequently, the US National Oceanic and 

Atmospheric Administration (NOAA) recorded June 2017 as 

much warmer than average conditions across much of the 

world’s land and ocean surface. The record breaking of 

0.910C more than the average temperature for the 20th century 

was recorded; this was more than the 2015 record of 0.020C. 

Buildings play important roles in people’s daily activities as 

they spend approximately 85% of their time indoors [2]. One 

of the main functions of buildings is to provide protection 

against harsh outdoor weather condition which is on the in-

crease as a result of climate change. However, buildings are 

the highest contributor to greenhouse gas emissions. [3] esti-

mated that the building sector accounts for 40% of energy 

consumption in the world and 80% of the energy used is at-

tributed to air conditioning systems and artificial lightning, 

where residential buildings typically have very high energy 

consumption level for cooling, the usage often amounting to 

approximately 60% in all household. The excessive use of air-

conditioner is a concern on energy efficiency, as well as eco-

nomic concern; since an increase in the demand for energy to 

run air-conditioners raises the energy load which also makes 

the utilities to burn more fossil thereby increasing the cost of 

energy and pollution. Also, serious concern has been raised 

on the quality of indoor air as a result of the use of air-condi-

tioners [4].Cooling in residential buildings is the reason for 

the increase in energy consumption worldwide. It is estimated 

that global emissions from buildings could double by 2030 

[5], but the 4th assessment report of intergovernmental panel 

on climate change concluded that the building sector has a 

significant potential of reducing energy consumption. The re-

port suggested that with proven and available technologies, 

the energy consumption in buildings can be reduced by 30-

50% without a significant increase in the cost of investment. 

This paper therefore provides a review of retrofit interven-

tions, and renewable energy systems integrated to existing 

buildings in existing literature. It provides opportunity for fu-

ture research into the impacts of retrofit interventions on ther-

mal comfort and cost of energy. The review adopts academic 

studies and publications that are relevant to the potential of 

integrating retrofit interventions in residential buildings in hot 

humid climate, the results from the literature review is pre-

sented in categories of building envelopes and renewable en-

ergy as interventions towards reducing energy consumption 

and corresponding reduction in carbon emission in hot humid 

climates.  

 

II. RETROFIT INTERVENTIONS AND THE KEY 

INDICATORS IN HOT HUMID CLIMATES 

 

The most influential climatic factors in hot humid climates 

are high temperature due to solar radiation and high humidity 

due to rainfall. Therefore, to control high indoor temperature 

some solution based on three philosophy of prevention, delay, 

and removal of solar radiation have been widely applied [6]; 
[7]; [8]. Another recommendation that is climatic responsive 

is the ‘’Umbrella Concept’’ used for building roof with deep 

eaves, it protects driving rains and serves as a sun shading 

device [9]; [10]. Other approaches incorporating natural ven-

tilation is emphasized to improve thermal comfort, good 

health, and wellbeing of residents while reducing the cooling 

loads. Even though most of the strategies from previous stud-

ies used in conservation of energy are not new, the challenges 

of incorporating them into existing building is prominent such 

that they combine new ideas in science and technology and 

disagree in principle.  

The key indicators for an effective retrofit strategy are reduc-

ing energy consumption while maintaining thermal comfort, 

improving architectural quality, achieving limited impact of 

carbon emission on the globe, and making the expected cost 

of a retrofit intervention worthwhile. However, some of these 

indicators often contradict in principle. A review of retrofit 

technologies suggested that less cost investment is required 

to retrofit building services and systems while achieving more 

environmental benefits than using renewable energy technol-

A review of retrofit interventions for residential  

buildings in hot humid climates 

Ayodele T.T, Taki A.H, Oyinlola M.A, Bhattacharyya, Subhes                   



ogies [11]. Furthermore, towards an optimum retrofit inter-

vention process, some conflict of interest has been identified 

such as, energy use improvement against architectural quality 

[12]. Therefore, to find an optimum retrofit package is a fu-

sion that needs to be critically reviewed. 

III.  BUILDING ENVELOPE 

 

Building envelopes comprise of structural materials and fin-

ishes that separate inside from the outside, the enclosed space 

must balance requirement for ventilation and daylight while 

providing thermal comfort [13]. The building envelope is of-

ten described as a function of its heat flow which is known as 

U-Value [14]. The U-Values are available in building stand-

ards for various materials.[15] and [16] reported similar re-

sults where indoor temperatures of up to 40C and 7oC lower 

than the outdoor temperatures were obtained using a variety 

of materials for the building envelope in hot humid and equa-

torial climates of Israel and Kenya respectively. 

Similarly, [17] examined the effectiveness of building enve-

lope in free flow building using low, medium, and high level 

of mass with the same heat loss coefficients for three build-

ings in hot humid climate of Sala, San Diego. Indoor temper-

ature of 24.5OC and outdoor temperature of 34OC were rec-

orded on the hottest summer day of the research for the high 

mass building. However, [15] concluded that it is not recom-

mended to use thermal mass with night ventilation as a pas-

sive cooling strategy in hot-humid climate such as Florida be-

cause the diurnal temperature difference between the day and 

the night is not enough to dissipate heat gains. This suggests 

that ventilation strategy other than natural ventilation needs 

to be introduced.  

Previous study carried out in Saudi Arabia had a case study 

of 6 homes, 3 typical detached houses and 3 typical apart-

ments for retrofit through the building envelope. Insulation 

was introduced to the wall, roof and triple glazing was added 

to prevent massive direct solar heat transfer, external shading 

and landscaping to prevent heat gain [18]. This study was car-

ried out to know the factors that influence energy usage in 

residential buildings. 

The result suggests that the building envelope is an important 

factor that influence the amount of energy used in a building. 

With energy consumption reduced by 15% and 34% for each 

property it also demonstrates that retrofit intervention is pe-

culiar to the local climatic condition as shown in figure 1 be-

low. The building envelope comprises of several element 

which are discussed below. 

 

Figure 1: Comparison of energy consumption (kWh/m2) be-

tween existing and after simulation Source: [18]  

 

IV. WALLS AND THERMAL MASS 

 

An attempt to carry out retrofit by optimising the building en-

velope would result in reducing energy usage in buildings. 

Previous studies identified walls as one of the contributors to 

energy increase, some of which further focused on the ther-

mal mass other than materials used for the wall construction 

[19]. Thermal mass is the ability of the material to absorb and 

store heat energy. High density materials such as bricks and 

concrete require high amount of heat energy to change their 

temperatures. Such materials are referred to as having high 

thermal mass due to their capacity of heat storage, but low 

thermal mass materials are normally light weight such as tim-

ber. Thermal mass materials moderate indoor temperature by 

regulating day to night temperature extremes. According to 

[19] thermal mass is highly effective where there is high tem-

perature difference between the day and night outdoor tem-

peratures. 

Furthermore, the thermal quality of the wall through insula-

tion with high thermal resistance and low thermal bridges was 

tested from previous studies. This was done with various 

types of masonry materials from four samples of clay bricks, 

concrete sand line bricks, and prefabricated walls with 0-50 

cm thickness. The result concluded that clay bricks consumed 

less energy by 16% compared to concrete bricks, the sand line 

23%, and 25% with prefabricated walls [20]. 

V.  INSULATION 

Furthermore, the use of insulation on different levels of thick-

ness of the wall and the location was investigated with a focus 

on concrete blocks and clay bricks [19] . The results showed 

that concrete blocks require more insulation compared to clay 

blocks. Insulations are incorporated into the building enve-

lopes to retard heat flow in and out of the building. This is 

vital as a barrier to flow of heat in maintaining comfort in the 

building while reducing energy consumption. If adequately 

designed, an insulated building gives comfort throughout the 

year and reduces the energy consumption due to cooling by 

up to 50%, this also in turn reduces carbon emission.  

The value that shows the level of performance of insulation is 

referred to as the R-Value. A higher R-Value indicates a bet-

ter performance. It is mostly fitted in the roof, walls or floors 

to maintain comfort and reduce energy consumption. How-

ever, the suitability of the level of insulation is determined by 

the type of climate and specific location [21]. For instance, a 

common type of reflective insulation material (aluminium 

foil layered onto plastic or paper) is commonly known as ra-

diant barrier. Although they are used in façade and floors, 

they are commonly used in roofing insulation [22]. [21]  con-

cluded that radiant barriers are highly effective when directly 

installed under metal roof sheeting and can also prevent radi-

ant heat gain into the roof space by up to 95%. Although in-

sulation is found to be the most effective when both bulk and 

reflective insulations are combined [figure 2], the installation 

for naturally ventilated buildings differ from air-conditioned 

ones. [21] concluded that the roof insulation is more effective 

when combined with ridge and eave vents because east and 

west facing walls are difficult to shade with overhangs. 



 

Figure 2: Installation of combined bulk and reflective insula-

tion. Source: [21]  

 

VI.  ROOF 

 

The roof is also another part of the building envelope that de-

termines the performance of energy. The roof of a building 

offers significant solution by conserving energy for indoor 

cooling [23]. Previous studies considered design variables for 

low energy buildings, to find out the effective roof type and 

material that reduces energy consumption in Abuja Nigeria 

using simulation. The results indicated that insulated roofs 

have better energy performance compared to an un-insulated 

roof. The predictions suggested 25% reduction using 4.5cm 

of Poly-ethane insulation [24]. 

A similar simulation result carried out in Saudi Arabia 

showed 32% reduction using 5.0cm of moulded polystyrene 

insulation and 27% for extruded [25]. For hot humid cli-

mates, the roof is mostly affected by solar radiation because 

the angle of solar radiation is overhead throughout the year 

because the incidence angle is close to normal in the peak pe-

riods of the day [26]. Therefore, ventilation of the roof cavity 

by erecting roof and eave vents reduces heat build-up and 

cools the building [21]. 

Several advantages of green roofs have been demonstrated in 

research [27]. They provide insulation due to the soil and 

evapotranspiration which keeps the roof cool despite solar ra-

diation [23]. Green roofs serve as thermal insulation thus re-

ducing energy consumption while maintaining thermal com-

fort. [28] also suggested that incorporation of green roof im-

proves the quality of water runoff. 

However, complexity in the installation and maintenance of 

green roof has resulted in consideration of some simpler al-

ternatives. A change in colour of the roof to a lighter colour 

allows for reduction in energy demand due to the efficiency 

of lighter colours in reflecting sunlight. White roof will be 

cooler during hottest period thus reducing the energy demand 

to cool the building because of its high reflectance qual-

ity[29]. The illustrative case study in figure 3 shows the ef-

fect of change in roof colour for a residential building in Aus-

tralia. The application of reflective white paint reduced the 

roof temperature by 20 K on the afternoon of the second day, 

and as well reduced the interior air temperature relative to the 

ambient temperature. The interior temperature was 2.1 K 

above the ambient before application of the white paint and 

was 0.8 K above the ambient after the painting. 

 

Figure 3: Temperature measurement of 4 days before and af-

ter applying white reflective paint Source:[30] 

A significant reduction in energy consumption can be 

achieved if a light-coloured roof is used for retrofits. Previous 

numerical simulation argued that a light-coloured roof re-

duces operative temperature and solar heat gain by 30% when 

compared with a dark roof. The energy consumed when com-

pared, is like energy consumed if a cooling system is installed 

[30]. Roofs that are white can improve comfort and yet re-

duce energy consumption. 

[31] further analysed the thermal performance of ventilated 

roof by calculating the amount of exhausted heat. The study 

showed a difference in temperature of 37.5OC between the 

ventilated and non-ventilated cavity. [21] concluded that the 

ventilation incorporated in the roof could prevent accumu-

lated heat and therefore reduces the cooling load of the build-

ing as shown in [figure 4]. 

 

Figure 4: Combination of eave and roof vents reduces heat 

build-up. Source: [21]  

 

VII.  WINDOWS 

 

Windows connect the inside to the outside. It is also an im-

portant factor that impact energy use in buildings. Windows 

are used for ventilation, lightning and viewing purposes. So, 

its size needs to be considered for the purpose of solar radia-

tion control [32] . Previous investigation on the impact of 

window construction materials with a focus on the type of 

glazing was carried out in Riyadh and Dhahran which con-

cluded that using appropriate glazing produces significant en-

ergy reduction in hot climates [19]. Double glazing is com-



monly used for external windows, but the thermal perfor-

mance of such window is determined by the type of glass and 

the introduction of thermal breaker in the system [33].  

Studies further examined improving the performance of dou-

ble-glazed windows by filling the gap between the panes of 

glazing with gas, use of low-emittance coating on glass, and 

inserting a thermal breaker made of polyurethane. [33] con-

cluded that insulation with broken aluminium and thick-

walled plastic will satisfy the required minimum temperature. 

Triple glazed window was however identified as a veritable 

tool for energy saving, moreover they maintain adequate lev-

els of day-lighting in buildings.  

Recommendations for window sizes in hot humid climates 

vary [6]; [34]. Buildings with small windows are common 

practice in arid zones to reduce solar radiation at the expense 

of indoor lightning where large windows are used. Protection 

from solar radiation becomes important [35]. Minimizing the 

size of windows facing south and increasing the size of the 

windows facing north have significant effects on energy per-

formance and improve brightness [36]. [37] extended previ-

ous research by introducing shading to the windows, the re-

search was analysis was carried out by using simulation tools 

and detailed weather data for Phoenix, Arizona in the United 

States representing a hot and dry climate, four different alter-

natives were generated for same model in the simulation soft-

ware, the calibration of the software is shown in Table 1 be-

low. 

TABLE I 

BUILDING ALTERNATIVES DIMENSIONS AND SHADING 

CONDITION [37] 

 

The results for the simulation in Table 1 above is shown in 

figure 5 below, it was concluded that alternative 4 shows 

have the best performance among the tested alternatives 

based on the reduction in solar heat gains of approximately 

53-59% in both winter and summer. 

 

Figure 5: Monthly solar heat gains comparison among alter-

natives. Source: [37]  

Although protection to windows can be achieved by simple 

shading using vegetation, the lateral progression of modern 

building tends to reduce this potential. Therefore, shading el-

ements in form of horizontal or vertical shelves placed inside 

or outside can be used [38]. This shading device according to 

[39]  can be flexible modules to enable adjustments, optimize 

day-lighting, and energy savings potentials due to cooling 

loads as a result of heat gains. 

The effect of different shading approaches on inside temper-

ature and solar heat gains protection were investigated by us-

ing reveals, vertical fins, and overhangs. They showed that 

window reveals were best for reducing solar gains and reduc-

ing internal temperatures, followed by overhangs, and verti-

cal fins respectively [40]. However, determining the appro-

priate shading for buildings remain a complicated process due 

to previous knowledge and understanding of the sun move-

ment, timing, and positioning in a location [41] . Also, inves-

tigation on the importance of low emittance value was carried 

out in three different climatic conditions, using two types of 

buildings (sensitivity for small changes in the emittance). The 

research concluded that reducing thermal emittance by 2% to 

3% and the solar radiation energy transmittance by 2% to 3%, 

the energy performance of external windows will be poor if 

the residential building is south facing [42]. A summary of 

some retrofit strategies in a typical hot climate is summarised 

in [Table 2] 

TABLE II 

SUMMARY OF RETROFIT INTERVENTIONS IN HOT  

HUMID CLIMATE 

 

 



VIII. RENEWABLE ENERGY 

 

To further reduce energy consumption in buildings after ex-

hausting the proper retrofitting of the building envelope, cool-

ing system that is highly efficient with low capacity can then 

be installed. Significant progress has been made in the area of 

renewable energy such as: wind energy and solar radiation in 

form of photovoltaic or thermal application [43]. However, 

[44] argued that the recent trend involves distribution renew-

able generation, energy storage possibilities, and demand-

side load management. They concluded that adopting multi-

generation system to produce renewable energy will result in 

improved energy performance. 

[45] observed that there is a rapid increase in the installation 

of building-integrated photovoltaics because many nations 

are establishing some goals towards reduction of energy con-

sumption. To achieve these goals, existing buildings are ex-

pected to incorporate energy efficiency, savings, and optimal 

use of technologies such as photovoltaic to generate energy 

naturally. Although photovoltaic technology has great bene-

fits for people, high penetration can cause energy quality in 

the electricity network [46]. This form of renewable energy 

is applicable and more efficient in hot climates that have a 

huge amount of solar radiation. 

A study analysed multi-family houses in different locations 

in Brazil with an aim to discover the impact of integrated pho-

tovoltaics system on energy consumption. It was concluded 

that a large amount of energy can be generated through verti-

cal facades [47]. Introducing the photovoltaic system on a 

roof top or the use of other renewable energy bridges the gap 

between generation and consumption of energy to the extent 

of achieving a zero-energy building [48]. A photovoltaic 

panel according to [49] can also improve the aesthetic value 

of a building when introduced in its façade. Photovoltaic cells 

work with high efficiency and have a significant impact on 

the thermal and electrical efficiency of a building. It was fur-

ther argued that photovoltaic cells with a supporting structure 

is cost effective, it can be made of low-cost material without 

reducing its performance [50]. 

Also, wind energy is a form of natural energy. Significant in-

novations in wind energy technology have increased the po-

tential of energy generation through wind turbines [51]. 
However, there are arguments opposing wind projects, due to 

issues surrounding the visual landscape and noise [52]. Wind 

turbine technology is said to be too visible and disruptive due 

to its noise [53]. This technology has been found viable in 

countries with excess wind energy but the level of acceptance 

of this technology by people who live close to the location is 

very low. [54]. 

 

 

 

 

 

 

 

IX. CONCLUSION 

 

This review paper revealed that low energy retrofit involves 

reducing energy needed in a building while maintaining ther-

mal comfort as well as reducing its impact on the environment 

in terms of carbon emission. A review of existing studies was 

carried out relative to evaluation of significant know-how and 

techniques for retrofitting in hot humid climate, existing lit-

eratures on energy performance and retrofit interventions for 

hot humid climatic conditions. Existing work showed that ret-

rofit processes are more effective when integrated into build-

ing envelope, although the roof intervention was significant, 

the most effective and efficient intervention was found to be 

the electrochromic glazing system with no shading which re-

duces heat gain by 53%-59% in winter and summer. Future 

research would benefit from creating several pathways 

through the combination of various retrofit interventions for 

hot humid climates. Future work could also test these path-

ways for their respective energy performance by using dy-

namic thermal simulation software to demonstrate the feasi-

bility of adopting the combination of the pathways towards a 

Net-zero energy consumption in residential buildings for hot 

humid climate. 
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