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The increasing energy consumption and its resultant CO2 emission in the built environment have revolutionized the housing design. Buildings are strategically designed to harness ambient weather factors for indoor space thermal conditioning and lighting. A comparison of the daylighting and potential environmental mitigations due to the lighting energy consumption in a passive solar and the conventional house was the aim of this study. Both houses used as a case study are in Alice, Eastern Cape in South Africa. The indoor illuminance of the homes was monitored using Li-Cor 210R photometric sensors. Between 07 h00 to 16 h30, the passive solar house’s average daylighting was 217 lux and 56 lux in the conventional house on a clear sky. Under the same sky condition, there was 47% lighting energy saving. This reduces the amount of coal usage by 1.97 kg, 3.53 kg of CO2, 14.80 g of NO2, and 4.76 L of water. In contrast, no energy savings were achieved in the conventional home. The equivalent environmental impacts due to 4.20 kg of coal usage were 7.52 kg of CO2, 31.52 g of NO2 emissions, and 10.14 L of water usage. From the findings, daylight harvest through passive solar design shows the potential of energy savings and environmental mitigation measures in the housing sector.
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INTRODUCTION
Between 2018 and 2019, 206 Mt of CO2 and 276 GL of water was, respectively, emitted and used in generating approximately 200 TWh of energy from coal-fired stations in South Africa. In the above-generated energy, the residential sector is the second-largest consumer, with approximately 12 TWh (Eskom, 2019). Space heating, cooking, and lighting are the major energy consumers in the residential sector (Bekker et al., 2008). The modern housing design, especially in developed countries, strategically selects and locates the building envelope components to supplement electric thermal conditioning and lighting indoors. Although lighting is the least energy consumers in the residential sector, studies have shown that daylighting enhance occupant health, sense of comfort, spaciousness, security, and pleasantness (Konis and Ph, 2018). Moreover, due to the dependency rate on the coal-fired station in the country, every household’s energy consumption lends to environmental degradation.
This study compares the energy efficiency potential due to a South African conventional house’s daylighting and passive solar house design and operation.
LITERATURE REVIEW
Daylight Metrics
Daylight factor (DF) is the ratio of internal illuminance to external horizontal illuminance under CIE overcast the sky condition. It is the most common metric used among researchers to evaluate buildings’ daylight performance due to its simplicity and short-term data requirement (Bian and Ma, 2017; Wong, 2017). However, DF is limited to only overcast the sky condition. Its evaluation is given in percentage, which is not a true building illuminance. The metric does not consider a building’s geographical orientation (Mardaljevic et al., 2009). Another category of metric used in evaluating building daylight performance is daylighting autonomy (DA). DA is defined as the percentage of annual daytime (occupied) hours that a given point is within a specified minimum daylight illuminance level. Although no specific threshold illuminance is given for DA, nationally recommended standards for a specific visual task is often used since most standards are based on minimum illuminance (Pellegrino et al., 2017). The limitations of DA is that it fails to take into consideration daylight illuminance that is below the threshold but still useful to occupants. Thus, it is not reliable for estimating lighting energy savings in buildings. Also, DA metric does not account for daylight illuminance, resulting in visual discomfort since there is no upper limit illuminance (Nabil and Mardaljevic, 2006). In addition to DF and DA metrics, useful daylight illuminance (UDI) is defined as the percentage of annual occupied time that a given point is within a specified range of daylight illuminance. In most research studies, the range of daylight illuminance is given as 100 to 2000 lux (Li et al., 2017). UDI can be grouped into three metric bins; daylighting below 100 lux is considered inadequate and requires electric lighting for visual comfort. Daylighting between 100 and 500 lux produces an adequate light level but can be supplemented by electric lighting, while 500–2000 lux is desirable, tolerable, and can result in discomfort with direct sunrays present (Chi et al., 2018). According to Carlucci et al., the possible limitations of UDI metric are that there are no concrete agreed illuminance limits, and the metric provides three values for each point of a space (Carlucci et al., 2015). Data availability is also a hindrance in UDI metric, as annual daylight data are typically required. Other daylighting metrics such as annual sunlight exposure (ASE) and daylight glare probability (DGP) are mainly used to illustrate levels of daylight virtual discomfort. Cumulative annual direct sunlight excluding diffuse light over 250 h with horizontal illuminance greater than 1000 lux is referred to as sunlight overexposure (ElBatran and Ismaeel, 2021). In a given space, 10% of ASE1000, 250 h is considered unsatisfactory, 7% is deemed neutral, while 3% and below is virtually comfortable. DGP assess glare based on measured vertical illuminance at the eye level (Kong and Jakubiec, 2021). Thus, DGP less than 0.35 is imperceptible, between 0.35 and 0.40 is perceptible, between 0.40 and 0.45 is disturbing, and intolerable when greater than 0.45 (Zhang and Lu, 2019).
Besides the daylight metrics mentioned above, the amount of light on a surface area or a point (work plane) quantified by illuminance is another method used to evaluate a building’s daylighting (Yu and Su, 2015). Illuminance is used to define the designed lighting level of buildings (see reviewed study above) since it is independent of the light source. Also, it considers the orientation of the light; for daylight, the building orientation is a crucial factor. Daylight illuminance can be considered a direct and purest approach to evaluating the daylight in a building, while the daylight metrics, as mentioned above, are indirect or calculation based. Such an approach requires the use of lux meters or photometric (light sensor) to measure the instantaneous or long-term amount of light on a work plane or surface area using multiple light sensors (Kruisselbrink et al., 2018).
Residential Daylighting and Energy Saving Approaches
Over the years, researchers have engaged in several studies that interrogate daylighting utilization for optimizing residential energy efficiency. Dabe and Adane (Dabe and Adane, 2018) investigate the configuration of offsets and balconies and their impact on occupants’ daylight provisions and thermal comfort in residential buildings. They found that the depth of offsets is inversely proportional to the UDI and thermal comfort. Among other findings, they recommended several building designs concerning offset, balconies, and windows orientation to achieve an optimum lighting level indoor and thermal comfort. Furthermore, the effect of daylighting and human behavior in Hong Kong housing units was studied by Xue et al. using questionnaire survey methods (Xue et al., 2014). Their findings urged policymakers, planners, and architects to implement effective daylighting in housing projects as more occupants are satisfied with daylight. They also indicated that perception of uniformity, thermal discomfort, external obstruction, summer solar access hours, winter expected sunlight hours, and housing orientation are the six key factors that influence occupant’s daylighting tolerance. Iommi (Iommi, 2019), who conducted expected daylighting levels of seven unrealized houses, highlighted the approach adopted in optimizing daylighting in the houses. These include furniture for uniform illuminance distribution, large windows, and an increasing number of transparent surfaces in relation to the floor area, the house’s geographical orientation, and use of different daylighting systems.
According to Lee et al. (Lee et al., 2018), substantial energy savings are achievable through daylight-linked lighting controls. In their study, a preset illuminance level of dimmable electronic ballast was adopted to reduce the intensity of electrical light, thereby consuming a minimal amount of energy during the period of high daylight illuminance. Chew et al. (Chew et al., 2017) share similar views in their study on smart lighting. They categorized smart lighting into commercial, energy-saving, and advanced control smart lighting system. Commercial smart lighting systems were described off the shelf LEDs integrated with sensors that allow multiple controls via mobile devices such as smartphones. The smart controls that are color, correlation color temperature, and intensity were identified as the energy savings mechanism. Energy-saving smart systems, on the other hand, involves the use of occupancy and daylight-linked sensors. Occupancy-based lighting control uses the human presence and motion to determine the lights’ operation in a specific environment and reduces lighting energy consumption by approximately 3–60% (Saha et al., 2019). The limitation of occupancy-based lighting control over its counterpart daylight-linked lighting control is its inability to consider the surrounding illuminance. As a result, lights can be triggered in an over-illuminated environment, where electric light could be avoided. Studies have shown that daylight-linked lighting control can result in energy savings ranging from 20–92% (Doulos et al., 2019).
Residential Energy Efficiency Measures in South Africa
In the wake of diminishing energy reserved margined, predicted national blackout, and increasing greenhouse gas emission, the White Paper on Renewable Energy (WPRE) was introduced in 2003 (Ateba and Jurgens Prinsloo, 2019). This was followed by the launch of a national Energy Efficiency and Demand Side Management (EEDSM) program in 2004 by the national utility company under the auspices and guidelines of the National Energy Regulation of South Africa (NERSA). Between 2004 and 2013, the name of the program was changed to Integrated Demand Management (IDM) to align its focus and scope to the changing energy landscape of the country (Monyei and Adewumi, 2018). While the 2003 WPRE aimed to pave the way for domestic and commercial renewable energy practice in the country, IDM promotes rational and efficient energy use in all sectors, including residential and commercial sectors. According to Fawkes, improved energy efficiency is required in South Africa to maintain economic competitiveness and growth (Fawkes, 2005). Monyei and Adewumi (Monyei and Adewumi, 2017) also share similar views; they indicated a 10% reduction of residential energy consumption in South Africa is required to ensure an uninterrupted power supply In the 2011 Integrated Resource Plan (IRP) revised balance scenario’s public perception process, it was suggested that increasing EEDSM is essential in reducing carbon emission and avoiding capacity expansion (Department of Energy South Africa, 2011).
Some of the major EEDSM initiatives in the residential sector are the solar water heaters (SWHs) mass rollout/rebate program, residential load management (RLM), and nationwide compact fluorescent lamp (CFL) rollout program. The two former initiatives focused on energy consumption relating to hot water usage. The SWH program aimed to completely replace electricity for water heating, thereby reducing overall energy consumption. To this effect, over 500, 000 SWH units were installed in the country at the end of the 2014/15 financial year (Thobejane et al., 2019). RLM, on the other hand, is a provincial load management initiative that remotely controls the operation of electric geysers using either a radio wave or ripple signal in the power line. The program aimed to reduce demand during peak hours. Hence, during 07h00–10h30 (morning peak) and 18h00–20h00 (evening peak), the geysers are remotely off and then on after the specified period (Rankin and Rousseau, 2008). Rural settlement dwellers and low-income household were the primary beneficiaries of the SWH program, while RLM projects were implemented mainly in urban (metros) areas and middle- to high-income households. A low-income household is defined as a home with 1–5 rooms and no car/garage. A house with 6–8 rooms with one car/garage is referred to as a middle-income household, while home with 9–10 rooms and two cars/garages is high-income household.
However, the CFL rollout program was designed for all socioeconomic status and settlements in the country. The program was implemented using the following models: door-to-door distribution, exchange initiative, RLM-accompanied CFL program, and sales campaign (Eskom, 2011; Skinner, 2012). Door-to-door distribution involves the supply and installation of CFLs in consumers' house. This model was designed for low- to middle-income households and rural settlements. Exchange initiative requires consumers to exchange their incandescent bulbs with CFLs at designated locations such as a shopping center and municipality offices. RLM accompanied the CFL program to cater to middle- to high-income households, whereby CFLs are supplied to homes where the RLM initiative was implemented. A relatively passive approach was conducted in the form of a sales campaign that saw CFLs price subsiding. Door-to-door distribution was the most practiced, amounting to over 800,000 CFLs distribution. Between 2005 and the end of 2014/15 financial year, approximately 60 million CFLs were distributed in the entire program (Fortuin, 2015). In the program, 100, 60, and 40 W incandescent bulbs were replaced with 11, 14, 15, 20, 2,1 and 22 W CFL. According to the COP17 fact sheet (Eskom, 2013), cumulative energy savings of 60 GWh per annum was achieved for every 1 million CFLs distribution. Thus, 31.8 kt of coal and 84 ML of water usage were mitigated, and the reduction of 59.4 kt of CO2 emission. The monetary savings was estimated at R2.4 billion per annum.
Based on the above study, residential energy efficiency is an utmost priority to the South African government, and lighting plays a crucial role. Although the replacement of inefficient incandescent light bulbs with efficient CFLs presented substantial (89%) energy savings, according to Roisin et al. (Roisin et al., 2008), daylighting can further increase the energy savings by 3%. Despite the large amount of solar radiation experienced in South Africa, daylighting utilization for energy efficiency is rare, and has no considerable amount of research conducted to foster the benefits of daylighting in the country.
MATERIALS AND METHODS
An experimental research method was adopted in the study and focused mainly on comparing the potential daylighting energy savings of a passive solar and South African conventional housing design. The research approach as adopted in the study is summarized in Figure 1.
[image: Figure 1]FIGURE 1 | Research method steps.
In the research conceptualization, relevant literature that provides a preliminary understanding of daylighting in a residential context was reviewed and presented. The South African national power utility demand side management approach in evaluating lighting energy savings was adopted and used to compute the daylighting energy savings and environmental impact based on measured data. The results and discussions were also interrogated with identified literature studies. Discussions on the houses used in the research, illuminance measurement and procedure, and formulation of energy savings and resultant environmental impact are sequentially articulated in this section.
Description of the Passive Solar and Conventional House
In this study, both houses are located in Alice, Eastern Cape Province, South Africa. Alice is located in latitude 32.8° south and longitude 26.8° east at an altitude of 540 m in the Eastern Cape of South Africa. The local climatic condition is characterized by an average dry bulb temperature of 29°C in summer and 15°C in winter. The average solar radiation experienced in summer is 606.06 W/m2 and 346.17 W/m2 in winter (Overen et al., 2017). Photos of the passive solar used in the study are presented in Figure 2.
[image: Figure 2]FIGURE 2 | Photo of the passive solar house used in the study and its floor layout.
The passive solar house is a prototype energy-efficient low-cost house in the SolarWatt Park at the University of Fort Hare, Alice Campus. The house is approximately 15° east of north oriented and consists of two bedrooms, north and south facing, with an open-plan living room/kitchen stretching from the north to south elevation of the house. The house was designed to provide passive thermal regulation (Overen et al., 2018) and lighting.
The conventional house is a mid-cost house in the suburb of happy rest, Alice. The majority of the houses in the suburb, including the house used in the study, were built back in the 90 s in a mass housing project for junior civil servants such as teachers, police officers, and nurses. The house consists of a living room, three bedrooms, kitchen, bathroom, and lavatory. The space layout and photo of the conventional house adopted in the study are given in Figure 3.
[image: Figure 3]FIGURE 3 | Photo of the conventional house used in the study and its floor layout.
Illuminance Measurement
The illuminance level of both houses' inner space was simultaneously measured by an LI-210R cosine correction photometric sensor. The sensor's sensitivity is 30 µA per 100 klux and a response time of <1 µs (Biggs, 2015). More specifications of the LI-210R cosine photometric sensor are presented in Table 1.
TABLE 1 | Specifications of the LI-210R cosine photometric sensor (Biggs, 2015).
[image: Table 1]The photometric sensors’ setup in the living room of the conventional and passive solar houses is presented in Figure 4.
[image: Figure 4]FIGURE 4 | Living room of the conventional house (left) and passive solar house (right) indicating the location of the photometric sensors.
The illuminance level in the living room was the target of the measurement. In both houses, the sensors were placed on a table to prevent interference and obstruction of the occupants’ light rays. The tables were 1 m high and approximately 0.5 m from the window. Hence, the obtained illuminance represents the maximum daylighting in the living room (Acosta et al., 2015).
Lighting Demand-Side Management
The recommended illuminance level for typical kitchen, living, and dining rooms is 200 lux, according to the Illuminance Engineering Society (IES) (Bradshaw, 2006), assuming that the electric lights in both houses were controlled by an adjustable photocell switch (APS). This is aided by a photoresistor which varies its resistance based on the amount of subjected light. All electric lights are off when the indoor illuminance is ≥200 lux and switched on when < 200 lux, considering the assumed lighting control technique. Therefore, the lighting energy savings can be obtained by
[image: image]
where [image: image] is the lighting energy saved, [image: image] is the baseline lighting energy consumption without the use of APS (kWh), and APS lighting energy consumption (kWh) is denoted by [image: image].
The environmental implication and mitigation due to the electric lighting energy consumption and daylighting energy saved, respectively, can be evaluated using the UNFCCC methodology (UNFCCC, 2008), which is given as follows:
[image: image]
where [image: image] is either the annual cumulative lighting energy consumption without or with APS lighting. [image: image] is the emission factor for [image: image] environmental elements such as greenhouse gases (CO2, NOx, and SOx) and water consumption. Emission factors are usually determined per annum and vary from one country to another as they are influenced by the primary means of energy production.
RESULTS
Indoor Illuminance Distribution
The indoor illuminance, which comprises electric light and daylight of both houses, was monitored over a week. Figure 5 presents the indoor illuminance of the conventional and passive solar houses in the entire measurement period.
[image: Figure 5]FIGURE 5 | Indoor illuminance distribution.
Figure 4 shows that the average illuminance during the absence of daylighting was 20 lux in the conventional house and 25 lux in the passive solar house. The said illuminance was obtained between 17h00 and 06h30 daily, with electric lighting indoors and ambient (moon and street) lights were constituting the illuminance during this period. Furthermore, the average indoor illuminance between 7h00 and 16h30, representing daylighting, was 55 lux for the conventional house and 194 lux for the passive solar house.
Moreover, the illuminance distribution in Figure 5, can be divided into clear and overcast sky days based on the daily magnitude. In this regard, days 21–26 with an average daylighting of 57 and 220 lux in the conventional and passive solar house, respectively, served as clear sky days. Overcast sky days are represented by 27 and 28, with an average daylight illuminance of 48 lux in the conventional house and 114 lux in the passive solar house. Figures 6A,B show a typically clear and overcast skies daylight illuminance in the conventional and passive solar house, respectively.
[image: Figure 6]FIGURE 6 | Average clear (A) and overcast (B) sky days indoor illuminance distribution.
The influence of both houses’ orientation on the indoor daylighting illuminance is visible in Figures 5A,B. As indicated in Section Literature Review, the passive solar house is north facing, which results in maximum solar ray distribution indoors. Although the living room is on the southern floor area, the clerestory windows channel solar radiation to the area. As such, uniform solar radiation is experienced daily, resulting in relatively high daylighting in both clear and overcast skies. On a typical clear sky day, the passive solar house had an average daylight of 217 lux with a maximum of 335 lux at 14h00. An average of 114 lux and a maximum of 187 lux at 10h30 were observed in the passive solar house on a typical overcast sky day.
On the other hand, the indoor daylighting in the conventional house peaked at 08h00 with 114 lux on a clear sky day and 10h30 with 94 lux on an overcast sky day. From Section Literature Review, it was also shown that the conventional house living room is located at the southern floor area with its large windows facing south and east. In the absence of north-facing windows, the living room only receives direct solar radiation in the early morning hours due to the east rising sun. Hence, the average daylight illuminance in the conventional house was 56 and 48 lux on clear and overcast skies, respectively.
Also, the equal daylight illuminance peak time observed in both houses on an overcast sky day was due to the absence of direct and dominance of diffused sun rays, which is a typical characteristic of overcast sky conditions. In both figures, according to the broken (red) lines that represent the illuminance threshold in a living room, the conventional house requires electric lighting indoor to achieve visual comfort in both sky conditions. Likewise, the passive solar house requires electric lighting under an overcast sky. However, in the daylighting period (07h00 to 16h30), electric light is not required most of the time in the passive solar house during a clear sky condition.
Potential Lighting Energy Management
Lighting Energy Consumption and Savings
The passive solar house was occupied by one of the university staff and his immediate family and a domestic worker during the monitoring period. The family members include his wife, two children (boy and girl) between the ages of 6 and 10 years, and an infant. During the weekdays, the infant remained at home with the domestic worker as the other family members went about their daily activities. Typically, the father and two children leave home at 08h00 and the children return at 15h00, while the father returned at 18h00. The wife worked and lived out of the town. Hence, over the weekend, the entire family often traveled to spend time with the wife. Three sets of 11 W compact fluorescent lamp (CFL) were used in the living room.
A single family comprising an adult male and female and their six-year-old child was found to occupy the conventional house. All the family members often leave home at 8h00, the mother and child return home by 15h00, and the father by 18h00 during weekdays. On weekends, all the family members are usually at home. During the measurement period, the occupants illuminate the living room with an 11 W CFL.
Based on the occupants’ behavior and discussions with the family members in both houses, both houses’ daily lighting schedule was outlined. Daily, all-electric lights were switched off between 21h00 to 05h30, while the occupants are asleep. The lights are on from 06h00 to 06h30 as they prepare for their daily activities and 07h00–16h30 due to the domestic worker’s activities on weekdays in the passive solar house. All-electric lights were on between 17h00 and 20h30, while both families prepared dinner and spent time together before going to bed. On weekends in the conventional house, all-electric lights were assumed (worst-case scenario) to be on from 07h00 to 20h30. Vis-à-vis the above lighting schedule, a simulated lighting energy profile without (baseline) and with an APS light controller in both houses are presented in Figure 7.
[image: Figure 7]FIGURE 7 | Daily cumulative lighting energy profile.
In Figure 7, CHD represents the conventional house design, while the passive solar house design is denoted by PHD. The lighting energy profile in Figure 7 only applies to clear sky days since the daylighting level under overcast skies in both houses were below the APS lighting threshold of a living room. The lighting energy consumption in both houses is equal with or without APS on overcast sky days. This is equivalent to the baseline energy consumption of the houses, as given in Figure 7. It is also the average weekdays and weekends daily cumulative energy consumption of houses. The simulated light energy consumption in Figure 7 was normalized; thus, representing energy consumption per lamp. The daily cumulative baseline lighting energy consumption in both houses was found to be 0.66 kWh/lamp. APS utilization in the passive solar house reduces the daily cumulative lighting energy by 47%, amounting to 0.35 kWh/lamp. No energy saving was achieved in the conventional house, giving that the indoor daylighting level was below the living room 200 lux threshold at all time. Thus, electric light is always required to supplement daylight to achieve visual comfort.
Environmental Implication and Mitigations
This section aims to quantify the annual individual environmental elements used and minimized in generating the equivalent amount of energy consumed without and with APS in both houses. Therefore, 2018/19 emission factors over 12 months of energy generation by the South African national utility company are given in Table 2 (Eskom, 2019).
TABLE 2 | Emission factors of various environmental elements (Eskom, 2019).
[image: Table 2]The indicators in Table 2 are based on total electricity generation from coal, nuclear, pumped storage, wind, hydro, and gas turbines between April 1, 2018, and March 31, 2019. The figures, however, exclude energy consumed by the national utility company. The coal used is based on coal characteristics and the power station design parameters. SOx (sulfur dioxide), NOx (nitrogen dioxide), and CO2 emissions are based on coal-fired and gas turbine power stations using coal burnt tonnage. The energy savings due to daylighting and the baseline energy consumption of both houses as presented in Figure 7 were substituted into Eq. 2 to compute the electrical lights’ environmental impacts of both houses. The emission factors required in Eq. 2 are given in Table 2. The annual environmental implications and mitigations of both houses’ lighting energy consumption are presented in Figure 8.
[image: Figure 8]FIGURE 8 | Lighting environmental implications and mitigations of the houses.
Figure 8 shows that APS used in the passive solar house resulted in 47% mitigation across all environmental elements used and emitted by a coal-fired plant in generating the energy consumption per lamp. The annual amount of coal used was reduced to 1.97 kg, resulting in an annual emission rate of 3.53 kg of CO2, 14.80 g of NO2, and 4.76 L of water used. Due to no lighting energy saving in the conventional house, annual coal used in generating the energy consumed per lamp was 4.20 kg. The resultant CO2 and NO2 gases emission were 7.52 kg and 31.52 g, respectively. Also, 10.14 L of water was used.
DISCUSSION
The findings of the study are empirical and may differ due to the following factors. Based on the CFL RLM approach (Thobejane et al., 2019), lower lamp wattage demands less power, thereby reducing its overall energy consumption over time. Consequently, the use of CFL, an energy-efficient lamp, reduces the daylight energy savings in the passive solar house. Due to the low occupancy rate, the lamp’s burning hours also reduce the light energy consumption, consequently lessening the daylighting impact. Furthermore, the sky conditions, which affect the amount of solar radiation (visible rays) reaching the earth surface, is another daylighting performance influencing factor. As shown in Figure 5, regardless of the house design, a minimal amount of daylight is perceived indoors during overcast sky conditions. This, therefore, results in the supplementary use of electric lights to maintain visual comfort. Winter season with shorter days is expected to produce minimum daylight energy savings giving the seasonal day length variation. A particularly crucial factor that also contributes to daylight energy savings is the lighting control strategy. In reality, it will be implausible to obtain optimum daylight energy savings using a mechanical switch control. Delays in operating the switch due to distractions and individual perception of the ambient light will negatively affect the savings. The illuminance-based automatic switch adopted in this study presents an excellent lighting control for optimum savings and ideal for quantifying daylight energy savings. Other lighting control strategies include occupancy sensor, individual dimming, and dimmable ballast (Lim et al., 2017).
Another influencing factor of daylight energy is the operation of the ventilation components (windows and doors). However, this aspect is not covered in this study. The occupants were allowed to use their discretion on the ventilation components operation. Opening these components increases daylight indoors, but a balance between thermal and visual comfort is paramount (Dabe and Adane, 2018). Also, the uncontrolled opening of the components may lead to over-illumination, resulting in virtual discomfort. In terms of environmental mitigation, the methodology adopted is limited to energy generated from coal-fired plants. Thus, the approach and findings of the study apply to regions with such an energy source. It is noteworthy that it was assumed that the lighting energy was generated from coal-fired plants entirely. Therefore, mix-energy sources will diminish the environmental benefits.
CONCLUSION
This study aimed to compare the daylighting and potential environmental mitigation due to lighting energy consumption in a conventional and passive solar house. A prototype low-cost, energy-efficient house in Alice in the Eastern Cape Province, South Africa, was used in the study.
It was found that under the clear sky condition, the average indoor daylighting of the conventional house was 56 lux and 217 lux for the passive solar house. This implies that the conventional house average daylighting is below the recommended threshold of 200 lux for domestic (living room) houses. Both houses were also below the APS threshold under overcast sky conditions as the occupant required electric lights to achieve visual comfort. Furthermore, no lighting energy savings were achieved in the conventional house under both sky conditions and the passive solar house on overcast sky day. On a clear sky day, there was 47% lighting energy saving. This reduces coal usage by 1.97 kg, 3.53 kg of CO2, 14.80 g of NO2, and 4.76 L of water. In contrast, no energy savings were achieved in the conventional home. The equivalent environmental impacts due to 4.20 kg of coal usage were 7.52 kg of CO2, 31.52 g of NO2 emissions, and 10.14 L of water usage.
Based on the findings, daylight harvest through the passive solar design shows the potential of energy savings and environmental mitigation measures in the housing sector. However, daylighting has greater energy management potentials in the commercial sector since typical operating hours are concise with daylight and relative more lamps. Hence, our future work will cover the daylighting potential energy management in commercial buildings.
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