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Abstract: Global warming and climate change has been a challenge in the last decades. Buildings are major contributors to 
energy consumption. This is due to the rise in human comfort needs and services. The residential sector consumes a significant 
amount of energy worldwide. A NZEB strategy emphasizes closing the gap between energy demand and renewable energy 
supply. Despite some of the roles that NZEBs significantly contribute to smart cities on the energy efficiency, the potential 
contribution of NZEB to the residential sector of Uganda has not been documented in literature. The objective of this study 
was to develop a thermal comfort model in a residential house through an envelope design. CBE tool was used and results 
indicate; PMV with elevated air speed of residential houses during resting hours in Kampala; at night: -0.75. DBT as 24.1°C, 
PPD as 17%, the Cooling effect as 2.7°C and SET = 26.3°C. The study realized factors to be considered while building like; air 
temperature, average radiant temperature, air speed, air humidity. The model developed in this study enables a building to heat 
up during cold hours and cool down during hot hours by the help of the water pool collected during rainy days. This water 
cools down the house during the day time while absorbing heat that can be released during the night hours that are somehow 
cold in Kampala. However, if this isn’t considered, then heat pumps have to be employed to pump heat into rooms to reduce 
heating in rooms. Recommendations should be put in raising thick walls and ceilings to maintain building temperatures. 
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1. Introduction 

Global warming and climate change are increasing 
issues since the last decades. Commercial and residential 
buildings are major contributors to energy consumption 
[42]. Energy consumption significantly increases on a 
yearly basis due to the rise in human comfort needs and 
services [56]. The residential sector therefore, consumes a 
significant amount of energy worldwide. By the year 2030, 
the energy demand in buildings is expected to increase up 
to 50% [54]. There is need to use net zero energy 
strategies for the residential sector in order to close the 
gap between energy demand and renewable energy supply 

[46]. Net Zero Energy entails that the total amount of 
energy used by a building is equal to or less than the 
amount of renewable energy created on-site. Net zero 
energy does not increase the amount of greenhouse gases 
in the atmosphere [44]. The wording “Net” emphasizes the 
energy exchange between the building and the energy 
infrastructure [47]. By the building-grid interaction, the 
National Nearly Zero-Energy Buildings (NZEBs) become 
an active part of the renewable energy infrastructure. 
According to the US department of education 2015, the 
main advantages of Nearly Zero Energy living (NZE) at 
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Abbreviations and Acronyms 

ASHRAE – American Society of Heating Refrigeration, 
Air-Conditioning Engineers, HVAC - Heating Ventilation 
and Air Conditioning, IREA - International Renewable 
Energy Agency, NZE - Net Zero Energy, NZEB - Net Zero 
Energy Building, REC - Renewable Energy Credits, RES - 
Renewable Energy Supply, DBT - Dry Bulb Temperature, 
MRT - Mean Radiant Temperature, and SET - Standard 
Effective temperature. 

Acknowledgements 

I wish to acknowledge the contribution made by the 
following in preparing this paper; my wife Awori Esther, 
parents, my brothers and sisters for the support rendered to 
me in the process of collecting and writing this paper. 

 

References 

[1] Adekunle, A., T. A. Arowolo, O. M. Adeyemi, and O. A. 
Kolawole. 2020. “Estimation of Thermal Comfort Parameters 
of Building Occupants Based on Comfort Index, Predicted 
Mean Vote and Predicted Percent of Dissatisfied People in the 
North- West Zone of Nigeria.” International Journal of 
Advances in Engineering and Management (IJAEM) 2 (5): 
809–26. doi: 10.35629/5252-0205809826. 

[2] Aelenei, Laura, and Helder Gonçalves. 2020. “From Solar 
Building Design to Net Zero Energy Buildings : Performance 
Insights of an Office Building.” Energy Procedia 48: 1236–43. 
doi: 10.1016/j.egypro.2014.02.140. 

[3] Al-Homoud, Mohammad Saad. 2001. “Computer-Aided 
Building Energy Analysis Techniques.” Building and 
Environment 36 (4): 421–33. 

[4] AlFaris, Fadi, Adel Juaidi, and Francisco Manzano-Agugliaro. 
2017. “Intelligent Homes’ Technologies to Optimize the 
Energy Performance for the Net Zero Energy Home.” Energy 
and Buildings 153: 262–74. 

[5] Alwetaishi, Mamdooh S. 2016. “Impact of Building Function 
on Thermal Comfort: A Review Paper.” American Journal of 
Engineering and Applied Sciences 9 (4): 928–45. doi: 
10.3844/ajeassp.2016.928.945. 

[6] Anderson, Joel. 2016. “Modelling and Performance 
Evaluation of Net Zero Energy Buildings.” 169. 

[7] Andreas Athienitis, William O’ Brien, Samson Yip. 2015. 
Modeling, Design and Optimization of Net-Zero Energy 
Buildings. edited by S. B. Shady Attia, Josef Ayoub, Paul 
Bourdoukan. Ontario: Ernst & Sohn. 

[8] Andris Auliciems, Steven V. Szokolay. 2014. “Active Solar 
Heating and Cooling of Buildings.” Solar Thermal 
Technologies for Buildings: The State of the Art 17–36. doi: 
10.4324/9781315074467. 

[9] Ari, S., I. A. Cosden, H. E. Khalifa, J. F. Dannenhoffer, P. 
Wilcoxen, and C. Isik. 2005. “Constrained Fuzzy Logic 
Approximation for Indoor Comfort and Energy Optimization.” 
Annual Conference of the North American Fuzzy Information 
Processing Society - NAFIPS 2005: 500–504. doi: 

10.1109/NAFIPS.2005.1548586. 

[10] ASHRAE Standard. 2004. “Thermal Environmental 
Conditions for Human Occupancy 55-2004.” American 
Society of Heating, Refrigerating and Air-Conditioning 
Engineers, Inc. 2004 (ANSI/ASHRAE Standard 55-2004): 1–
34. 

[11] Attia, Shady, and Salvatore Carlucci. 2015. “Impact of 
Different Thermal Comfort Models on Zero Energy 
Residential Buildings in Hot Climate.” Energy and Buildings 
102: 117–28. doi: 10.1016/j.enbuild.2015.05.017. 

[12] Balbis-Morejón, Milen, Javier M. Rey-Hernández, Carlos 
Amaris-Castilla, Eloy Velasco-Gómez, Julio F. San José-
Alonso, and Francisco Javier Rey-Martínez. 2020. 
“Experimental Study and Analysis of Thermal Comfort in a 
University Campus Building in Tropical Climate.” 
Sustainability (Switzerland) 12 (21): 1–18. doi: 
10.3390/su12218886. 

[13] Banerjee, Reshmi. 2015. “Importance of Net Zero Energy 
Building.” International Journal of Innovatice Research in 
Advanced Engineering 2 (5): 141–45. 

[14] Berry, Stephen, David Whaley, Kathryn Davidson, and Wasim 
Saman. 2014. “Near Zero Energy Homes–What Do Users 
Think?” Energy Policy 73: 127–37. 

[15] Bwire G. Flavia. 2020. Code of Conduct and Practice Notes 
for Construction Sites. Kampala. 

[16] C. David Myers, Torcellini Paul, Shanti Pless. 2011. Defining 
Net-Zero Energy Buildings. Colorado. 

[17] Chel, Arvind, and Geetanjali Kaushik. 2018. “Renewable 
Energy Technologies for Sustainable Development of Energy 
Efficient Building.” Alexandria Engineering Journal 57 (2): 
655–69. doi: 10.1016/j.aej.2017.02.027. 

[18] Crawley, Drury B., Bentley Systems, and Linda Lawrie. 2014. 
“The New Generation Energy Simulation Program Beyond 
BLAST and DOE-2.” EnergyPlus (November 2014). 

[19] Crawley et al. 2000. “Energy plus: Energy Simulation 
Program.” ASHRAE Journal 42 (4): 49–56. 

[20] Crawley et al. 2008. “Contrasting the Capabilities of Building 
Energy Performance Simulation Programs.” Building and 
Environment 43 (4): 661–73. 

[21] Derrick Braham. 2015. “Environmental Design Guide.” 
CIBSE Guide A. 

[22] Ekici, Can. 2013. “A Review of Thermal Comfort and Method 
of Using Fanger’s PMV Equation.” 5th International 
Symposium on Measurement, Analysis and Modelling of 
Human Functions, ISHF 2013 (January 2013): 61–64. 

[23] Fanger, P. O. 1973. “Assessment of Man’s Thermal Comfort 
in Practice.” British Journal of Industrial Medicine 30 (4): 
313–24. doi: 10.1136/oem.30.4.313. 

[24] Foucquier et al. 2013. “State of the Art in Building Modelling 
and Energy Performances Prediction: A Review.” Renewable 
and Sustainable Energy Reviews 23: 272–88. 

[25] Gambino, Valeria, Riccardo Del Citto, Paolo Cherubini, Carlo 
Tacconelli, Andrea Micangeli, and Romano Giglioli. 2019. 
“Methodology for the Energy Need Assessment to Effectively 
Design and Deploy Mini-Grids for Rural Electrification.” 
Energies 12 (3): 1–27. doi: 10.3390/en12030574. 



 Journal of Civil, Construction and Environmental Engineering 2023; 8(1): 1-14 13 
 

[26] Gao, Jiajia, Anbang Li, Xinhua Xu, Wenjie Gang, and Tian 
Yan. 2018. “Ground Heat Exchangers: Applications, 
Technology Integration and Potentials for Zero Energy 
Buildings.” Renewable Energy 128: 337–49. 

[27] Guideline, ASHRAE. 2002. “14: Measurement of Energy and 
Demand Savings.” ASHRAE Inc, Atlanta, GA. 

[28] Haghighat, Fariborz. 2012. “Thermal Comfort in Housing and 
Thermal Environment.” Sustainable Built Environment I. 

[29] Han, Hyesim, Jinsook Lee, Jonghun Kim, Cheolyong Jang, 
and Hakgeun Jeong. 2014. “Thermal Comfort Control Based 
on a Simplified Predicted Mean Vote Index.” Energy Procedia 
61 (December 2014): 970–74. doi: 
10.1016/j.egypro.2014.11.1006. 

[30] Harkouss, Fatima, Farouk Fardoun, and Pascal-Henry Biwole. 
2016. “Optimization of Design Parameters of a Net Zero 
Energy Home.” Pp. 1–6 in 2016 3rd International Conference 
on Renewable Energies for Developing Countries (REDEC). 
IEEE. 

[31] Irfan, Muhammad, Naeem Abas, and Muhammad Shoaib 
Saleem. 2018. “Net Zero Energy Buildings (NZEB): A Case 
Study of Net Zero Energy Home in Pakistan.” 2018 
International Conference on Power Generation Systems and 
Renewable Energy Technologies (PGSRET) (299): 1–6. doi: 
10.1109/PGSRET.2018.8685970. 

[32] Julia Raish, Werner Lang, Aurora McClain. 2020. Thermal 
Comfort: Designing for People. Texas. 

[33] Kampelis, N., K. Gobakis, V. Vagias, D. Kolokotsa, L. 
Standardi, D. Isidori, C. Cristalli, F. M. Montagnino, F. 
Paredes, and P. Muratore. 2017. “Evaluation of the 
Performance Gap in Industrial, Residential & Tertiary near-
Zero Energy Buildings.” Energy and Buildings 148: 58–73. 

[34] Kappers, Astrid M. L., and Myrthe A. Plaisier. 2021. Other 
than Hand or Face Thermal Perception and Thermal Devices 
Used on Body Parts Other than Hand or Face. Vol. 12. 

[35] Karume, K., EJKB Banda, J. Mubiru, and M. Majaliwa. 2009. 
“Correlation between Sunshine Hours and Climatic 
Parameters at Four Locations in Uganda.” Tanzania Journal of 
Science 33 (1). doi: 10.4314/tjs.v33i1.44279. 

[36] Kent Peterson, Paul Torcellini, Roger Grant. 2015. A 
Common Definition for Zero Energy Buildings. Washington, 
DC 20433. 

[37] Kim, Joyce, Stefano Schiavon, and Gail Brager. 2018. 
“Personal Comfort Models – a New Paradigm in Thermal 
Comfort for Occupant-Centric Environmental Control.” 
(January): 1–19. 

[38] Kim, Joyce, Yuxun Zhou, Stefano Schiavon, Paul Raftery, and 
Gail Brager. 2018. “Personal Comfort Models: Predicting 
Individuals’ Thermal Preference Using Occupant Heating and 
Cooling Behavior and Machine Learning.” Building and 
Environment 129 (February): 96–106. doi: 
10.1016/j.buildenv.2017.12.011. 

[39] Kruis, N., C. Booten, and C. Christensen. 2012. “Comparison 
of EnergyPlus and DOE-2 Detailed Window Heat Transfer 
Models.” Proceedings of IBPSA-USA SimBuild 2012 4 (3): 
537–44. doi: 10.13140/2.1.1727.2963. 

[40] Kylili, Angeliki, and Paris A. Fokaides. 2015. “European 
Smart Cities: The Role of Zero Energy Buildings.” 

Sustainable Cities and Society 15 (2015): 86–95. doi: 
10.1016/j.scs.2014.12.003. 

[41] Lenzholzer, S., W. Klemm, and C. Vasilikou. 2015. “New 
Qualitative Methods to Explore Thermal Perception in Urban 
Spaces.” Pp. 1–6 in ICUC9 - 9th International Conference on 
Urban Climate jointly with 12th Symposium on the Urban 
Environment. 

[42] Lin, Boqiang, and Xuehui Li. 2011. “The Effect of Carbon 
Tax on per Capita CO2 Emissions.” Energy Policy 39 (9): 
5137–46. doi: 10.1016/j.enpol.2011.05.050. 

[43] Marszal, A. J., P. Heiselberg, J. S. Bourrelle, E. Musall, K. 
Voss, I. Sartori, and A. Napolitano. 2011. “Zero Energy 
Building - A Review of Definitions and Calculation 
Methodologies.” Energy and Buildings 43 (4): 971–79. doi: 
10.1016/j.enbuild.2010.12.022. 

[44] Matemilola, Saheed, and Hammed Adeniyi Salami. 2020. 
“Encyclopedia of Sustainable Management.” Encyclopedia of 
Sustainable Management (February 2021). doi: 10.1007/978-
3-030-02006-4. 

[45] Mcclurg Chris, Basalt CO. 2016. Re-Defining and Delivering 
Thermal Comfort in Buildings. 

[46] Mcnabb, Nancy. 2013. Strategies to Achieve Net-Zero Energy 
Homes : A Framework for Future Guidelines Workshop 
Summary Report. 

[47] Moghaddasi, Haleh, Charles Culp, Jorge Vanegas, and 
Mehrdad Ehsani. 2021. “Net Zero Energy Buildings : 
Variations, Clarifications, and Requirements in Response to 
the Paris Agreement.” Energies. 

[48] Mohammad Abd-Elaal, Franz Pesch, Eckart Ribbeck. 2008. 
Renewable Energy and Sustainable Urban. Stuttgart: 
Universität Stuttgart. 

[49] Mulyansaka, Pious. 2013. Faculty of Engineering and 
Sustainable Development Evaluation of Energy & 
Environment Conservation Measure for an Office Building 
Case Study : Kampala- Uganda-East Africa // National. 
Kampala. 

[50] Nikolopoulou, Marialena, and Koen Steemers. 2003. 
“Thermal Comfort and Psychological Adaptation as a Guide 
for Designing Urban Spaces.” Energy and Buildings 35 (1): 
95–101. doi: 10.1016/S0378-7788(02)00084-1. 

[51] NPA. 2007. “Uganda Vision 2040.” Annual Meeting of the 
Midwest Political Science 12 (3): 1–7. doi: 10.1007/s11947-
009-0181-3. 

[52] Pamukcu, C., and G. Konak. 2014. “A Review of the Energy 
Situation in Uganda.” International Journal of Scientific and 
Research Publications 4 (1): 1–4. 

[53] Petty, Stephen E. 2017. “Indoor Environmental Quality.” 
Forensic Engineering: Damage Assessments for Residential 
and Commercial Structures 421–36. doi: 10.1201/b14052. 

[54] Reddy, Sumateja. 2016. “Net Zero Energy Building 
Movement in India - An Overview.” International Journal of 
Research in Science, Engineering and Technology 2: 360–63. 

[55] Sartori, Igor, and Anna Marszal. 2010. Criteria for Definition 
of Net Zero Energy Buildings. Aalborg. 

[56] Shehadi, Maher. 2018. “Energy Consumption Optimization 
Measures for Buildings in the Midwest Regions of USA.” 
Buildings 8 (12). doi: 10.3390/buildings8120170. 



14 Simon Peter Wafula et al.:  Thermal Comfort in a Residential House in Kampala  
 

[57] Shelton David P. 2008. Air Properties : Temperature and 
Relative Humidity. Lincoln. 

[58] Showkat, Nayeem, and Huma Parveen. 2017. “Non-
Probability Sampling.” Media and Communication Studies 
(July). 

[59] Simonyan, A. S., and A. M. Solntsev. 2010. “The 
International Renewable Energy Agency (IRENA).” 
Международное Право 43 (3): 61a-61a. 

[60] Sørensen, Åse Lekang, Anne Gerd Imenes, Steinar Grynning, 
and Tor Helge Dokka. 2017. “Energy Measurements at 
Skarpnes Zero Energy Homes in Southern Norway: Do the 
Loads Match up with the on-Site Energy Production?” Energy 
Procedia 132: 567–73. 

[61] Stritih, U., V. V Tyagi, R. Stropnik, H. Paksoy, F. Haghighat, 
and M. Mastani Joybari. 2018. “Integration of Passive PCM 
Technologies for Net-Zero Energy Buildings.” Sustainable 
Cities and Society 41: 286–95. 

[62] Tartarini, Federico, Stefano Schiavon, Toby Cheung, and 
Tyler Hoyt. 2020. “CBE Thermal Comfort Tool: Online Tool 
for Thermal Comfort Calculations and Visualizations.” 
Research Online 12. doi: 10.1016/j.softx.2020.100563. 

[63] Thomas, Albert, Carol C. Menassa, and Vineet R. Kamat. 
2018. “A Systems Simulation Framework to Realize Net-Zero 
Building Energy Retrofits.” Sustainable Cities and Society 41: 
405–20. 

[64] Thorsson Sofia, Lindberg Fredrik, Ingegärd Eliasson, Björn 
Holmer. 2014. “Measurements of Mean Radiant Temperature 
in Different Urban.” in Sixth International Conference on 
Urban Climate. 

[65] Torcellini et al. 2010. “Net-Zero Energy Buildings : A 
Classification System Based on Renewable Energy Supply 
Options Net-Zero Energy Buildings : A Classification System 
Based on Renewable Energy Supply Options.” (June). 

[66] Torcellini, P., S. Pless, M. Deru, and D. Crawley. 2006. “Zero 
Energy Buildings: A Critical Look at the Definition.” ACEEE 
Summer Study Pacific Grove 15. 

[67] Wang, Zhaojun, and Peng Wang. 2021. “The Feasibility Study 
of Net Zero Energy Building for Future Energy Development.” 
in Proceedings of the 11th International Symposium on 
Heating, Ventilation and Air Conditioning. 

[68] Wasilowski, Holly A., and Christoph F. Reinhart. 2009. 
“Modelling an Existing Building in Designbuilder/Energyplus: 
Custom versus Default Inputs.” IBPSA 2009 - International 
Building Performance Simulation Association 2009 (February 
2014): 1252–59. 

[69] William G. Cochran. 1977. Sampling Techniques. Vol. 3. 
Third Edit. New York, Chichester, Torornto, Singapore: 
Library of Congress Cataloging. 

[70] Xu Wei, Zhang Shicong. 2014. Nearly (Net) Zero Energy 
Building. 

[71] Yashiro, Tomonari. 2011. Zero Energy Building Project in the 
University of Tokyo. Tokyo. 

[72] Zhang Hui, Edward A. Arens, Gail S. Brager, Boris Rubinsky, 
Charlie Huizenga. 2003. “Indoor Environmental 
QualityHuman Thermal Sensation and Comfort in Transient 
and Non-Uniform Thermal Environments.” University of 
California, Berkeley. 

[73] Wu, W., & Skye, H. M. (2021). Residential net-zero energy 
buildings: Review and perspective. Renewable and 
Sustainable Energy Reviews, 142, 110859. 

[74] Kim, D., Cho, H., Mago, P. J., Yoon, J., & Lee, H. (2021). 
Impact on Renewable Design Requirements of Net-Zero 
Carbon Buildings under Potential Future Climate Scenarios. 
Climate, 9 (1), 17. 

 

 


	Wafula_S_P_et-al_1.pdf
	Wafula_S_P_et-al_2.pdf

