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Abstract 

This paper aims to present an effective solution to global 

environmental challenges by sustainably reintroducing ancient 

earth-sheltered buildings in Libya. Libya has long-standing 

traditional environmental techniques in many of its cities, 

particularly in mountainous areas such as Gharyan, Zintan, and 

Nalut. The research includes a theoretical review of this type of 

housing, as well as an analytical framework that evaluates selected 

local and international case studies. The study focuses on definition, 

history, typologies, evaluation, and development potential, 

highlighting opportunities to modernize these buildings by 

integrating contemporary technology. This approach enhances 

sustainability, addresses modern housing needs, and improves 

livability and appeal. At the conclusion of the paper, a set of future 

recommendations is presented, focusing on design improvements, 

advanced construction techniques, and context-specific adaptations 

to ensure these homes are suitable for contemporary living. 
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 الملخص
تهدف هذه الورقة إلى تقديم حل فعّال للتحديات البيئية العالمية من خلال إعادة تبني 
المباني المحمية بالأرض القديمة بشكل مستدام في ليبيا. تمتلك ليبيا تقنيات بيئية تقليدية 

 غريان والزنتانمنذ زمن بعيد في العديد من مدنها، خاصة في المناطق الجبلية مثل 
ر طاإونالوت. يشمل البحث استعراضًا نظريًا لهذا النوع من المساكن، بالإضافة إلى 

يقيم حالات دراسية محلية ودولية مختارة. يركز البحث على التعريف، التاريخ،  تحليلي
الأنواع، التقييم، وإمكانات التطوير، مع إبراز الفرص لتحديث هذه المباني بدمج التقنيات 

لمعاصرة. يعزز هذا النهج الاستدامة، ويستجيب لاحتياجات الإسكان الحديثة، ويزيد من ا
وفي ختام الورقة، تم تقديم مجموعة من  .جاذبية هذه المساكن وصلاحيتها للمعيشة

التوصيات المستقبلية التي تركز على تحسين التصميم، وتطوير تقنيات البناء الحديثة، 
 .ي لضمان ملاءمتها للمعيشة العصريةوتكييفها مع السياق المحل

 .، العوازلبالأرضالبيئة، ليبيا، البيوت المحمية  الاستدامة،: ةكلمات مفتاحي
 

1. Introduction 
Earth-sheltered houses are increasingly presented as a sustainable 

and energy-efficient building solution. This research explores how 

these houses have evolved from traditional techniques into modern, 

technologically enhanced models. It investigates the key reasons 

that make earth-sheltered housing sustainable, their environmental 

and economic advantages, and the factors contributing to—or 

limiting—their wider adoption. 

The study follows a comparative analytical approach, examining 

three case studies: 

• A traditional earth-sheltered house in Gharyan, Libya. 

http://www.doi.org/10.62341/mfrt0709
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• A modern above-ground house in Al-Zawiya, Libya. 

• A modern earth-sheltered house in Cumbria, United Kingdom. 

The aim is to evaluate their performance in terms of thermal 

comfort, energy efficiency, and environmental integration, while 

correcting misconceptions such as these houses being dark, damp, 

or unhealthy. 

1.1. Study Problem 

Modern construction faces growing environmental and economic 

challenges, including pollution, excessive consumption of non-

renewable energy, and rising operational and maintenance costs. In 

Libya, traditional architectural solutions, such as earth-sheltered 

houses, are largely overlooked despite their proven ability to 

provide natural thermal comfort and reduce energy consumption. 

Integrating modern technologies with this traditional building type 

could enhance performance and efficiency, yet studies documenting 

its feasibility are limited. This underscores the need for an analytical 

study of selected local and international earth-sheltered housing 

models to assess their potential for architectural and economic 

sustainability in Libya. 

1.2. Research Objectives: 

1. Increase Awareness 
Enhance understanding of the traditional building systems in 

Libya as sustainable environmental systems. 

2. Identify the Systems 
Study the traditional earthen protected buildings and extract 

lessons learned from them. 

3. Promote Environmental Solutions 
Emphasize the importance of returning to these systems as 

effective and sustainable environmental solutions 

1.3. Methodology 
The research adopted a comparative analytical approach, which 

included: 

Case Studies: 
 A modern above-ground house in Al-Zawiya (Libya). 

 A modern earth-sheltered house in Cumbria (United Kingdom). 

Criteria: Thermal insulation, energy consumption, operating costs, 

carbon emissions, thermal comfort, lighting, privacy. 

Tools: Field measurements, review of energy bills, analysis of 

images and drawings, comparison tables. 

 

 

http://www.doi.org/10.62341/mfrt0709
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1.4. Previous Studies: 

Several architectural and environmental studies have addressed the 

topic of earth-sheltered housing from various perspectives, 

particularly regarding thermal performance and its potential as a 

sustainable solution in hot climates: 

1– The study by Elkady and Rashed (2016) titled “Thermal 

Performance of Earth-Sheltered Buildings: A Review” aimed to 

evaluate the thermal efficiency of such buildings. The study 

confirmed that the surrounding soil acts as natural insulation, 

helping to reduce energy consumption by up to 60%, making these 

structures a highly effective option for energy conservation. 

2– The study by El-Hafeez (2021) titled “Earth-Sheltered Housing: 

A Sustainable Approach to Energy Efficiency in Architecture” 

focused on the application of earth-sheltered housing in arid 

climates such as North Africa. It showed that this building approach 

offers strong environmental and economic integration and is a 

promising solution for achieving sustainable development goals, 

especially in hot regions like Libya. 

1.4.1. Data Sources: 

1. Renewable and Sustainable Energy Reviews, Volume 65, 

2016. https://doi.org/10.1016/j.rser.2016.07.036 

2. International Journal of Architecture and Urban Development, 

Volume 11, Issue 1 

2. Theoretical Framework 

The theoretical framework defines earth-sheltered housing, outlines 

its history, typologies, and rationale for sustainability, and 

synthesizes key literature on benefits, barriers, and contemporary 

developments to frame the analysis. 

2.1. Overview of Earth-Sheltered Housing  
Earth-sheltered housing refers to residential spaces designed to 

provide comfort, protection, and privacy. It is considered a 

sustainable architectural solution due to its low environmental 

impact. Construction involves partially or fully covering the 

building with earth, which naturally insulates it from climatic 

conditions and reduces heat loss or gain. Show figs. 1,2. 

http://www.doi.org/10.62341/mfrt0709
https://doi.org/10.1016/j.rser.2016.07.036
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Figure 1: Control a building's interaction with its surrounding 

environment. (Author’s work, 2025) 

 
Figure 2. It is supposed to be built by stacking a pile of cubes in 

whatever form you want and then drape a shell over it.  (Author’s work, 

2025) 

2.2. Definition of Earth-Sheltered Housing 
It is an ancient concept that has been reintroduced using modern 

techniques and contemporary amenities to achieve energy 

efficiency. It incorporates passive solar energy strategies that 

regulate ventilation, heating, and cooling. Many pioneering 

architects, such as Malcolm Wells and Arthur Quarmby, have 

encouraged the revival of this approach due to its environmental 

integration and natural protection. Show fig. 3. 

 

 

 

 

Use earth-sheltered buildings to integrate passive solar strategies, with 
orientation optimized for daylighting and views. 

 
Figure3: Animals and humans have long used earth insulation to 

maintain thermal comfort in winter and summer. Source:( IGSHPA & 

Oklahoma State University ,2005) 

http://www.doi.org/10.62341/mfrt0709
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2.3. History of Earth Sheltered Housing  

Since ancient times, humans and other creatures have used the earth 

as shelter against harsh climates and threats. These shelters evolved 

from natural caves to excavated dwellings made of soil and rock. 

Underground spaces also served for safe storage and waste disposal. 

Examples such as the houses of Gharyan, Libya, and the dwellings 

of Matmata, Tunisia, demonstrate the suitability of this housing type 

for comfortable living under favorable geological and hydrological 

conditions. shoes in Fingers: 4, 5. 

  
Figure 4: Sloped terrain and soft 

rock in Ghirian, Libya, enabled 

traditional underground atrium 

houses. Source: (Photo 

Researcher) 

Figure5: Aerial view of 

traditional underground dwellings 

in Matmata, Tunisia. Archnet, 

n.d. Source: 

(https://www.archnet.org/). 

 

2.4. Barriers to the Adoption of Earth-Sheltered Homes 

Despite its effectiveness in thermal insulation and protection, the 

widespread adoption of earth-sheltered housing has been limited by 

the availability of modern building materials, construction 

techniques, and cheap energy in previous decades. People shifted to 

above-ground housing in pursuit of comfort and social status. 

2.4. Earth Sheltered Housing Development  

Since the 1970s, underground construction has emerged as an 

effective strategy to reduce environmental impact, saving up to 80% 

of energy compared to conventional buildings. This approach is 

increasingly adopted worldwide to support environmental, social, 

and economic sustainability (Boyer & Grondzik, 1987), Fig. 6,7. 

http://www.doi.org/10.62341/mfrt0709
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Figure 6. Hockerton Housing 

Project, Britain’s first earth-

sheltered eco-village. 
Source: McGlashan Architecture, 

2010, p. 25 

Figure 7. California hillside home 

by McGlashan with planted roofs 

and natural ventilation.  
   Source: ArchDaily – McGlashan 

Architecture 

2.6. Detailed Information on Earth Sheltered Houses 
  There are many different designs in earth sheltered houses, and 

each region has its own design.  

2.7. Different Types of Earth Sheltered Houses  

 Earth covered buildings can be separated into the following basic 

types: (See Fig 8)  

 
Figure 8. Types of Earth Sheltered Houses (Source: Yeang, 1987, p. XX 

2.8. Description of Earth Sheltered House 

The earth provides a stable thermal environment, reduces wind 

effects, and acts as a thermal mass for effective use of solar energy. 

Designs may feature only earth-covered walls or include roof 

coverage, offering flexibility in layout and site integration. Figures 

9,10. 

http://www.doi.org/10.62341/mfrt0709
http://members.tripod.com/ellerman79/oldbrowser/types.html
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Figure 9. Typical relationships to the groiinall surface (Source: Yeang, 

1987). 

 
 

Figure 10. Natural light (Source: MoMA – Malcolm Wells, Earth-

sheltered suburb project (Section), c. 1965 

 

2.9. Three Dimensions for Sustainable Earth Sheltered Housing 

Erath sheltered houses are sustainable because the meet the three 

sustainability considerations environmental, social, and economical 

goals. (Diagram 1) shows the three dimensions for the sustainable 

earth sheltered housing.    

 
 

http://www.doi.org/10.62341/mfrt0709
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(Diagram 1) shows the three dimensions for the sustainable earth 

sheltered housing. SA 
(Source: Author, 2025; adapted from United Nations, 1987; OECD, 2001.) 

 

2.10. Conclusion: 

Building on the theoretical framework, modern earth-sheltered 

housing exemplifies a sustainable architectural approach that 

integrates technological advancements to optimize natural light, 

ventilation, thermal efficiency, and overall environmental 

performance. By bridging traditional knowledge with contemporary 

design strategies, this approach not only enhances energy efficiency 

and harmony with nature but also demonstrates significant potential 

for modern applications in Libya. This research highlights the 

importance of raising awareness about such sustainable solutions 

http://www.doi.org/10.62341/mfrt0709
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and underscores the need for future studies to focus on innovative 

design improvements, advanced construction techniques, and 

context-specific adaptations to ensure these dwellings meet the 

demands of contemporary living while promoting long-term 

environmental and social benefits. 

3. Study and Analysis Sites. 

The study compares a traditional underground house in Geryan, a 

modern house in Zawia, and a modern earth-sheltered house in 

Cumbria, UK, while assessing their sustainability. 

3.1. Building A (An Old Earth Sheltered House in Geryan City) 

Table 1:  General data and Site Analysis. (Source: Author, 2024) 

 
This traditional compound house features high insulation levels and 

accommodates eight related families. It is situated among similar 

neighboring houses “All sketches and tables in this section are 

prepared by the author unless otherwise stated. 

 

http://www.doi.org/10.62341/mfrt0709
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Table 2:  Design Strategies. (Source: Author, 2024) 

 

 
Fig 12: Natural light, (Source: Author, 2024) 

Design Strategies 

3.Built within 

natural site 

2. Built underground 1. L to W Ratio 

D
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6. Area used is 
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5. Aldamos is divided 

into three activity 

spaces 

4. Open inside. 

 

 

 

7. No guardrail at roof edge 

 

 
  

Insufficient amount of natural light in rooms   
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(b) 

 
(a) 

Fig 13: picture (a) shows a dark room in natural lighting only.  

Picture (b) shows the room in an industrial lighting.  
(Source: Researcher’s fieldwork, 2024). 

 

Results:   
 

 The courtyard design offers notable energy savings and wind 

protection but lacks storm resistance, effective shading, and daylight 

due to no windows. The house features proper insulation, thermal 

mass suited to climate, light-colored surfaces to reduce heat gain, 

and a large floor area. 

 
Table 3: Technology Variables. (Source: Author, 2024) 

 
 

http://www.doi.org/10.62341/mfrt0709


 

 Volume 37 العدد

  1Partالمجلد 
 

International Science and 

Technology Journal 

 المجلة الدولية للعلوم والتقنية

http://www.doi.org/10.62341/mfrt0709 

 

 حقوق الطبع محفوظة 
 لعلوم والتقنية الدولية ل مجلةلل

 

Copyright © ISTJ   13 

 

 
 

 

 
Fig. 15: The newly added dawamees show that constructing 

technology still the same using human effort. 
 (Source: Researcher’s fieldwork, 2024). 

 

 
Fig 16: Rainwater drainage system (Source: Author, 2024) 

http://www.doi.org/10.62341/mfrt0709
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Table 4:  Environmental Analysis 

 

Results:- 

Earth-sheltered houses maintain thermal stability year-round, 

reducing air-conditioning energy use by 50–80% and cooling load 

by about 20% in Libya. They have no windows, avoiding heat loss 

in winter, heat gain in summer, and daily temperature fluctuations. 

 

http://www.doi.org/10.62341/mfrt0709
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Table 5: Economic- Socio- Dimension 

 
 

 

Results:- 

 The underground houses in Geryan are energy efficient, and 

they can be developed with the modern technology available in 

Libya to meet our needs and modern life requirement. 

 
Fig 17: Passive Cooling by Earth (Source: Author, 2024) 

http://www.doi.org/10.62341/mfrt0709
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. 

Diagram 2: Rates of carbon dioxide emitted from the house    

and compare it with the sustainability:- 1.23 tons co2/year 

 

 

3.1.1.Data and Analysis:- 

Data was recorded inside and outside the earth-sheltered house at 2 

p.m. on the 10th day of selected months in 2008.. (See Table 6). 

Table 6:- At 2 p.m. on the 10th day of selected 2008 months, 

indoor temperature was stable while outdoor temperature 

fluctuated. 
Months Inside temperature Outside  temperature 

10 January 21 15 

10 March 22 16.5 

10 April 22.5 23 

10 May 21 33 

10 August 25 37 

10 

September 

24 30 

 

 
Diagram 3: Temperature inside and outside  

http://www.doi.org/10.62341/mfrt0709
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The results:- 

Graph 6.2 shows that: 

The graph shows that the earth-sheltered house maintains a nearly 

constant indoor temperature  

within the thermal comfort range (21–26 °C), while outdoor 

temperatures fluctuate by up to 7 °C. 

 

3.2. Building B (A Modern House in Zawia City) 
The recently built house in Zawia lacks insulation and is not 

classified as sustainable; it is attached to three similar houses. See 

figures18 (Source: Researcher’s fieldwork, 2024). 

 

  
Fig 18: Alfitori House (Model B) 

 

Table 7:  General and Site Analysis 

 

http://www.doi.org/10.62341/mfrt0709
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 Results   The house is exposed to several kinds of dust – laden 

winds 
 

 

Table 8: Design Strategies. 

 
 

http://www.doi.org/10.62341/mfrt0709
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Table 9: Variables Technology 

 
 

 

http://www.doi.org/10.62341/mfrt0709
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Table.10: Environment, Economic and Social 

 
Results 

The house is not sustainable due to climate-related energy loss; 

modern houses in Libya are not energy-efficient but are built to meet 

lifestyle needs. 

 

http://www.doi.org/10.62341/mfrt0709
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Diagram 4: shows the house emits 1.53 tons of CO₂ per year, indicating 

low 

 

3.2.1. Data and Analysis: - 
Table 11: - From April 11–17, 2009, at 2 p.m., indoor temperatures 

remained stable while outdoor temperatures fluctuated. 

Table 12: - At 2 p.m. on the 10th day of selected 2008 months, 

indoor temperatures were less stable, while outdoor temperatures 

fluctuated 
Table 11: Temperature measured at two o'clock from  

11  to 17 on the April month in the year of 2009 

 

 

 

 

 

 

 

 

 

 

Table 12: - shows temperatures   measured in other months 

 

 

 

 

 

 

 

 

 

 

 

Month 

( 4 ) 

Heat in side at 

home 

Heat outside at 

home 

11 April  22 23 

12 April 22 22 

13 April 22.5 23 

14 April 21 24 

15 April 24.5 24 

16 April 24 27 

17April 24 30 

Months  inside 

temperature 

outside 

temperature  

10 January 18 15 

10 march  20.5 16.5 

10 April 24 23 

10 may 23 33 

10 August   38 37 

10 September 35 30 

10 October 29 26 
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The results: - 

Table 11 shows stable indoor temperatures due to materials that 

delay heat transfer, while Table 12 shows the opposite, indicating 

the house lacks environmental materials and indoor temperatures 

closely follow outdoor changes.  

  

Diagram 5: Stability of the 

internal temperature 

Diagram 6: The instability of the 

internal temperature 

 

3.3. Building C, (A Modern Earth Sheltered House Outside of 

Libya) 

Building C, an underground eco-house in Cumbria’s Eden Valley, 

is built in an old quarry and uses high and natural earth insulation 

to eliminate heating, while offering scenic views. (Ledingham, 

2008). 

 
 

 

 

Fig 19: The Underground House, Great Orm side, Cumbria, UK 

 
 (Source: Arch. John Bodger). Photo: Simon Ledingham – Wikimedia 

Commons (CC BY-SA 2.0). 
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Table 13:  General and Site Analysis 

 

 
 

http://www.doi.org/10.62341/mfrt0709


 

 Volume 37 العدد

  1Partالمجلد 
 

International Science and 

Technology Journal 

 المجلة الدولية للعلوم والتقنية

http://www.doi.org/10.62341/mfrt0709 

 

 حقوق الطبع محفوظة 
 لعلوم والتقنية الدولية ل مجلةلل

 

Copyright © ISTJ   24 

 

Table 14:  Design Strategies 

 
 

 

Results: The house is well-oriented for winter heating and wind 

protection, with good zoning, suitable windows, and effective 

energy-saving design, but lacks trees and shading for summer sun. 

It has good lighting, and its small size reduces sun exposure and 

energy loss. 
 

 
 

Figure 20: Shows the methods of natural light penetration. 
 (Source: Arch. John Bodger). Photo: Simon Ledingham – Wikimedia Commons 

(CC BY-SA 2.0). 

http://www.doi.org/10.62341/mfrt0709


 

 Volume 37 العدد

  1Partالمجلد 
 

International Science and 

Technology Journal 

 المجلة الدولية للعلوم والتقنية

http://www.doi.org/10.62341/mfrt0709 

 

 حقوق الطبع محفوظة 
 لعلوم والتقنية الدولية ل مجلةلل

 

Copyright © ISTJ   25 

 

Table 15:  Variables Technology. 
Source: (www.theundergroundhouse.org.) 
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Table 16:  Renewable energy 
Source: (www.theundergroundhouse.org) 

 

http://www.doi.org/10.62341/mfrt0709
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Table 18:  Environment, Economic, and Social 
Source: (www.theundergroundhouse.org) 
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Results: - 

 We have gradually moved up in the world, out of caves. 

 It is a sustainable house and has economic, environmental and 

social factors. 
 

   
Fig 21: images show the insulation of waterproofing and its layers 

used in walls.  
Source : (www.theundergroundhouse.org.) 

 

 

 
  

Fig 22: images show the insulation of waterproofing and its layers 

used in roofe and floor. 

 

 
 

Fig:23: Insulation used in the building (The transition temperature during 

the insulation) 
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Results: 

Key features include proper windows for ventilation and heat 

control, suitable insulation, high thermal mass for large diurnal 

ranges, low thermal mass for small ranges, and light-colored roofs 

and walls to reduce heat gain. 
 

 
Fig: 24: Passive solar heating mechanisms 

 

 

 
Diagram 7: Rates of carbon dioxide emitted from the house 

and compare it with the sustainability: - 1.13 tons co2/year 

 

 

Glass is used in the 
front facade 
followed by wall 
made of concrete 
bricks to store 
heat and release it 
in the needed time 
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3.3.1.  Data and Analysis: - 
1. In Table 19: - summarizes the graphs, highlighting differences 

between the two periods in indoor temperature  

2. Table 20: shows a 16% rise in average air temperature vs 7% in 

the conservatory, effective window control, and energy use reduction 

from 16 to ~10 kWh/day (1.3 kWh from PVs, ~48% drop). 

 
Table 19: difference in the impact on indoor temperatures between the two 

periods (www.theundergroundhouse.org.) 

 
Table 19: difference in the 

impact on indoor 

temperatures between the two 

periods 

(www.theundergroundhouse.o

rg.) 

 

Table 20: Temperature Air in and 

Conservatory 

(www.theundergroundhouse.org.) 

 

 Average 

Temperature 

Air In Conservatory 

12-29 

March 

03 

13.14 19.61 

12-29 

May 03 

15.24 20.99 

 

 Temperature, c 

Hall Living 

room 

12 Mar 03 14.58 15.60 

29 Mar 03 18.76 20.64 

Temperature rise 4.18 5.04 

12 May 03 18.79 20.41 

29 May 03 19.54 20.88 

Temperature rise 0.75 0.47 

Rise between 29 

March and 29 

May 

0.78 0.24 

Rise between 12 

March and 29 

May 

4.96 5.28 

 

Data and Analysis: - 

Diagrams 8 and 9 show six-hourly average temperatures (12–29 

March and 12–29 May 2003). In March, energy inputs raised living 

area temps by ~5 °C and hall by ~4 °C, aided by open doors and 

limited window use. In May, indoor temps were more stable despite 

higher incoming air and conservatory temps, due to closed doors, 

open conservatory windows, and adjusted ventilation. 
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Diagram 8: Shows the average 

six-hourly temperature 

www.theundergroundhouse.org. 

Diagram 9: Shows the average 

six-hourly temperature for the  

period from 12 to 29 May 2003 

 

Table 20: Results 
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Table 21:  Results and Discussion 

 
 

4.  Summary 

The comparative analysis of the three housing models revealed that 

the traditional earth-sheltered house in Gharyan (Model A) offers 

significant economic and thermal comfort advantages over the 

modern above-ground house in Zawia (Model B), primarily due to 

reduced energy consumption, lower construction costs, and the use 

of environmentally friendly materials. Model B, however, provides 

better natural ventilation, abundant daylight, and modern finishes. 

The modern earth-sheltered house in Cumbria, UK (Model C), 

demonstrated the highest sustainability performance, combining 

energy efficiency, environmental integration, and privacy. 

The findings suggest that adapting the design principles of Model C 

to the Libyan coastal context—while incorporating the positive 

features of Models A and B—can yield a sustainable housing 

solution suitable for various terrains, provided that appropriate 

technology and local resources are available. 

Key recommendations for implementation include: ensuring natural 

light and ventilation, using durable and locally available eco-

friendly materials, applying modern finishes, integrating reinforced 

concrete for structural stability, utilizing clay for its insulation 

properties, implementing waterproofing systems, installing solar 

panels, planting green roofs, and incorporating water treatment 

facilities. Additional design considerations involve grouped housing 

to reduce costs, double-wall insulation, sunshades, and strategically 

placed windows for ventilation. 

Overall, the study confirms that sustainable earth-sheltered housing 

can be successfully applied in Libya’s coastal regions and other 

areas, achieving energy efficiency, environmental compatibility, 

and improved living comfort. 
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