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A Guide to Energy Efficient Building. 

This guide is the first attempt of the MoWHS to explain the concepts of Energy Efficient 

Building. 
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Foreword 

Globally the buildings and buildings construction sector consumes 36% of the final energy and 

is responsible for almost 40% of the total direct and indirect CO2 emissions (IEA, International 

Energy Agency, n.d.). According to the Bhutan Energy Data Directory 2015, the building sector 

is the highest energy-consuming sector with 42% of the energy demand. With increasing 

urbanization, the number of buildings in urban areas will increase; resulting in an increased 

demand for electricity and other forms of energy commonly used in buildings. Bhutan’s rate 

of urbanization of 2.89 percent per year is one of the highest among the South Asian countries, 

resulting in bigger populations, as well as the expansion of existing urban areas (Index Mundi 

(CIA World Factbook), n.d.). Urban areas in Bhutan also show similar higher energy use 

patterns, especially in terms of electricity. Thimphu alone consumes more electricity than 17 

dzongkhags combined; 40 percent of the total electricity consumption of Bhutan, with over 

60% consumed by urban households alone; rural households contribute to only 6 percent of 

electricity consumption. (DRE, 2015) 

Furthermore, this document promotes a holistic approach to building design and operation, 

by recognizing that there is a strong need for synergy between the building envelope, heating, 

and cooling systems, lighting, etc. It further starts with the fundamentals of building physics 

which is required as preliminary knowledge to design a building in an energy-efficient way. 

The document also considers the different climate zones in achieving good indoor 

environment quality in a building. The guideline promotes the use of renewable energy in 

buildings using photovoltaic, wind, geothermal, and biomass systems.   
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Preface 

The building industry has been designated as a key action area for reaching the goal of smart, 

sustainable, and equitable development based on the efficient use of resources around the 

world. Buildings are currently responsible for more than 30% of worldwide energy 

consumption due to their low energy efficiency. It also accounts for one-third of direct and 

indirect CO2 and particulate matter emissions. 

According to the International Renewable Energy Agency, Bhutan's building industry 

consumes 41.6 percent of electricity, with the residential sector alone accounting for 33 

percent of overall energy consumption. Bhutan's commitment to remaining carbon-negative 

could be jeopardized if current trends continue. As a result, energy efficiency has now become 

a critical need in today's building technology. 

“A Guide to Energy Efficient Building” highlights the importance of energy efficiency in 

buildings while also presenting methods and strategies for reducing energy waste. The 

guideline begins by elaborating on the importance of adopting energy-efficient measures into 

the structures. It then identifies the most common faults and failures occurring in Bhutanese 

buildings and provides necessary solutions for them.   

This guideline will serve as a basic guide while constructing an energy efficient building. The 

guideline emphasizes the key aspects of an energy-efficient building, such as such as 

bioclimatic design, building envelope design, building airtightness, building ventilation, 

energy efficient equipment, and renewable energy. 
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Disclaimer 

A Guide to Energy Efficient Building is prepared and published primarily to assist in planning 

and design of building in order to make the building energy efficient and sustainable built 

environment. 

The content was collected to the best of the knowledge of the authors. Nevertheless, no 

warranty can be given as to its accuracy. The responsibility to check the presented information 

is with the user of the material. We exclude any liability for the correctness of contents and 

presented data. Any liability for possible damage or other consequences resulting from the 

use of this information is also excluded. 
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1. Introduction 

Energy Efficiency  

Energy Efficiency in the simplest terms is the ability to maximise the utilization of the input 

energy to accomplish a task by reducing waste of energy. 

In other words, Energy Efficiency is using less energy to perform the same work/produce the 

same result by eliminating the energy waste. 

Energy Efficient Building 

Although there are numerous definitions of an energy-efficient building, one could define an 

energy-efficient building more holistically as provided in the CIBSE Guide: “An energy-efficient 

building provides the required internal environment and services with minimum energy use in 

a cost-effective and environmentally sensitive manner” (CIBSE, 2012). 

Energy efficiency in buildings has become very important in this modern era to enhance the 

comfort of the inhabitant. It reduces the negative impact on the environment by lowering the 

greenhouse gas emissions and further reduces the building cost operation burdens on 

individuals. 

2. Indoor comfort 

Comfort is that condition of mind which expresses satisfaction with one’s environment 

(Cushman‐Roisin, 2019) 

Indoor comfort is dependent on occupants whose comfort is greatly influenced by parameters 

such as temperature, humidity, noise, light, and smell. 

Acoustics and other parameters are of prime importance, especially in those countries that are 

at an advanced stage of building energy efficiency. However, in the case of Bhutan, our 

buildings are still unable to even provide comfortable room temperature, thus thermal comfort 

is the most important parameter presently. Buildings in Bhutan are prone to air leakages as 

the concept of airtightness is not yet mainstreamed in buildings, consequently the occupants 

experience lots of air drafts which worsens indoor comfort.   

In cold areas of Bhutan, most of the winter months are spent sitting around the kerosene 

heaters (in most urban homes), bukharis1 (in most rural homes), or external radiators (in most 

public offices).  

 

1 A type of traditional wood-burning stove for space heating and cooking/ boiling water 
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This can however be addressed with the improvement of the building envelope, and Bhutanese 

buildings can maintain a temperature of about 200 C even during peak winter months.  

ASHRAE defines thermal comfort as “the condition of mind which expresses satisfaction with 

the thermal environment”. It means that a person feels neither too cold nor too warm. Thermal 

comfort is important for the health and well-being of the occupants, and enhances 

productivity.  

Thermal comfort depends on environmental parameters such as air temperature, mean radiant 

temperature, movement of air, and air humidity as well as personal factors such as physical 

activity and clothing.  

Figure 2.   Factors affecting thermal comfort 

Air Temperature 
Humidity 

Air Flow 

Radiant 

Temperature 

Clothing 

Activity 

Figure 1.   Measurements for indoor comfort being 

carried out 
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The following modes of energy transfer influenced by building design affect the feeling of 

thermal comfort.  

a) Radiation: emission of thermal energy 

b) Evaporation: phase change from liquid to gas 

c) Conduction: energy transfer between particles in a substance 

d) Convection: energy transfer between a solid surface and the adjacent liquid or gas that 

is in motion 

 

Evaluation of Thermal Comfort 

Determining thermal comfort is difficult because it is as much psychological as it is 

physiological (Dadhav, 2018). As humans are mammals, they are endothermic in nature, . They 

regulate their body temperature through involuntary responses, for instance, by shivering in 

cold surrounding temperatures or sweating in high surrounding temperatures to maintain the 

thermal balance of the body.  The human body can adapt to the external environment up to a 

certain range, but as soon as the limits are reached, the body’s responses are perceived as 

uncomfortable (Guenther, 2019). Besides, interpretation of thermal comfort also varies from 

person to person as comfort is a state of mind or a personal feeling that expresses satisfaction 

with the thermal environment – and is not a quantifiable metric.  

 

 

 

Radiation 

Radiation 

Convection 

Conduction 

Evaporation 

Sweat 

Exhalation 

Insensible Perspiration  

Figure 3.   various modes of thermal transfer 
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To assess occupant’s comfort, ISO 7730:2005(E) states two parameters:  

1. The Predicted Mean Vote (PMV) 

It is an index that predicts the mean value of the thermal sensation votes of a large group 

of people on a 7- point thermal sensation scale (ranging from -3 to +3) corresponding 

to the categories as shown in the following figure. Thermal balance is obtained when the 

internal heat production in the body is equal to the loss of heat to the environment. In a 

moderate environment, the human thermoregulatory system will automatically attempt 

to modify skin temperature and sweat secretion to maintain heat balance. 

This calculation requires inputs such as metabolic rate M (M/w2), clothing insulation Icl 

(m2.K/W), air temperature ta (°C), air velocity var (m/s), mean radiant temperature ὸӶr (°C), 

and air humidity. 

ISO 7730 provides an equation to calculate PMV in which inputs: air temperature and air 

velocity of a given environment are either measured or simulated through Computational 

Fluid Dynamics (CFD) simulation. The standard also provides tables for metabolic rates of 

different activities and the clothing insulation for typical combinations of garments. 

 

PMV can be referred from Annex E of the standard where tables of PMV values are given 

for different combinations of activity, clothing, operative temperature, and relative 

velocity. 

  

Figure 4.   PMV Range 
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2. Predicted Percentage of Dissatisfied (PPD) 

Through PMV, the thermal sensation of a population exposed to the same environment 

is predicted. However, individual votes are scattered around this mean value. It is useful 

to be able to predict the number of people likely to feel uncomfortably warm or cool. 

The PPD establishes a quantitative prediction of the percentage of thermally dissatisfied 

occupants. Thermally dissatisfied occupants are those who will vote hot, warm, cool, or 

cold on the 7- point thermal sensation scales. The main factors causing local discomfort 

are unwanted cooling or heating of an occupant’s body. Common contributing factors 

are drafts, abnormally high vertical temperature difference between the ankles and head, 

and/or floor temperature (Guenther, 2019).  

 

With the PMV value determined, calculate the PPD using the following equation 

 

ὖὖὈρππωυȢÅØÐ πȢπσσυσϽὖὓὠ πȢςρχωϽὖὓὠ 

  

Figure 5.   PPD vs PMV Source: (Dadhav, 2018) 
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Thermal Comfort Zones 

There are three comfort zones (A, B, and C classes) stated under Annex A of the ISO 7730: 2005 

(E), and they are defined by the ranges of PMV values from -0.2 to 0.2, -0.5 to 0.5, and -0.7 to 

0.7, which corresponds respectively to PPD values below 6, 10 and 15%. Due to individual 

differences, it is impossible to specify a thermal environment that will satisfy everybody. Even 

for the situation averagely considered by the population as thermally neutral (PMV=0), the 

percentage of people dissatisfied is around 5%. 

Depending on the calculated PMV, PPD can vary from 5% to 100%. The comfort values will 

change depending on the position of the people in the building. To make sure the comfort 

ranges comply with the ISO standard, the PPD of any occupied point in space shouldn’t be 

more than 20% (Guenther, 2019). 

 

Source: The predicted percentage of dissatisfied (PPD) index provides an estimate of how many occupants in space 

would feel dissatisfied by the thermal conditions. All occupied areas in a space should be kept below 20% PPD to 

ensure thermal comfort according to the known standards (ASHRAE 55 and ISO 7730). (Guenther, 2019) 

  

Figure 6.   PPD% Colour Range 
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The general range or comfort zone in which 80% of the people feel comfortable can be found 

using a psychrometric chart2.  

  

 

2 A psychrometric chart hence graphically represents the thermodynamic processes of air. 

Figure 7.   Psychrometric Chart 
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3. Indoor Air Quality (IAQ) 

IAQ is the quality of air within and around the occupied space. It is a fundamental requirement, 

both for comfort and health and for maintaining a prolific living environment of a building. 

Poor indoor air quality hampers productivity in offices, impairs learning in schools, and causes 

sick building syndrome. 

There are various gases, microbes, particulates, etc. which deteriorate the indoor air quality. 

The following table lists some of the common pollutants and their sources. 

Sl. No Substances Sources 

1 Carbon Monoxide (CO) Incomplete combustion of fuels 

2 Nitrogen Oxide (NO) Combustion and vehicle emissions (react with 

hydrocarbon to form nitrates) 

3 Bacteria and mould spores Damp building 

4 Dust mite and pet allergen  Damp building and pets 

5 Formaldehyde Insulation, packaging, and compressed wood 

products 

6 Particles (PM10 and smaller) Photocopiers, combustion products  

7 Volatile organic compounds 

(VOCs) 

People, building materials, and furnishings 

8 Radon (Rn) Occurs naturally, especially in areas with 

granites 

9 Ozone (O3) Internal sources associated with photocopiers 

and laser printers 

10 Carbon Dioxide (CO2) Burning of carbon material and human and 

animal respiration 

 

Interaction between various environmental parameters can also influence the perception of air 

quality. For instance, the perception of air quality is significantly influenced by temperature 

and humidity, with air quality being perceived to be better at lower levels of humidity (CIBSE, 

2018). There are also various air contaminants, derived both internally and externally, which 

need to be displaced with clean air with proper ventilation. Thus, even before ventilation 

designs are considered and developed, the sources of contaminant should be considered 

carefully to see if the emission rates might be effectively reduced – or negated – through 

alternative building materials or applications, or by the use of localized extract systems (Dwyer, 

2014). 
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4. Approach 

This document recognizes that a holistic approach to design is essential for the sensible design 

of energy-efficient buildings. The design should hence consider building envelope, ventilation, 

equipment, and adoption of renewable energy as developed from the Trias Energitica 

Conceptby ISOVER as shown below to improve the indoor thermal comfort and the air quality. 

 

  

Figure 8.   Five Step Approach developed from the Trias Energitica Concept (ISOVER) 
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5. Bioclimatic Design 

As shown in Figure 8, bioclimatic design is first step in the design of Energy Efficient buildings. 

This is done prior to all other interventions. 

The design approach begins with what has been practiced for centuries; architecture that 

works with nature, instead of fighting against it (VIATechnik, 2016). In simple terms, bioclimatic 

design may be described as architecture which is aimed at tapping into the gifts of nature in 

the pre-design or early phase of the design itself.  

Natural daylight, heat, and airflow are some of the crucial aspects to consider in a passive 

design. This may be achieved through the following: 

1) Careful siting of buildings for solar accessibility  

2) Careful siting of buildings for shading in hot climates  

3) Climate sensitive building orientation  

4) Building massing for thermal storage  

5) Design for daylighting  

6) Natural ventilation  

7) Building form 

 

5.1. Law of Fundamental Physics for Bioclimatic Design 

Bioclimatic designs are governed by the law of fundamental physics: 

i. Nature of Airflow 

The less-dense warm air rises, the dense cold air replaces the warm air which has risen 

from the bottom 
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ii. Reflection and Absorption 

Heat radiation is absorbed by darker-coloured materials; it is reflected by lighter-coloured 

materials. 

 

 

iii. Material density 

In dense materials, the particles are more closely packed, thus it will have fewer air pockets, 

making them good conductors. Conversely, the particles in lightweight materials are loosely 

packed, with more air pockets, which makes them good insulators. 

 

 

iv. Thermal mass 

Usually, high-density materials that have enough mass are capable of storing heat. This stored 

heat  is released slowly when the ambient temperature drops i.e. when heat is required. 
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v. Humidity 

Ambient temperature is inversely proportionate to relative humidity. When the temperature 

decreases the relative humidity will increase and vice versa. 

 

5.2. Strategies for Bioclimatic Design 

While carrying out bio-climatic design, the following strategies must be considered: 

i. Climate 

ii. Building Orientation 

iii. Natural Ventilation Strategies 

iv. Openable Window to Floor Ratio (WFRop) 

v. Window to Wall Ratio (WWR) 

vi. Thermal zoning 

vii. Building Form  

i. Climate 

A climate-responsive strategy is based on specific climate characteristics. The following climate 

data are needed to determine the strategy to reduce the energy demand of the building 

(cooling, heating, or lighting): 

• Temperature (T - °C) 

• Sun angles (α - °) 

• Solar radiation (horizontal and diffuse) – (kWh/m2) 

• Relative humidity (RH - %) 

• Wind speed (m/s) and direction  

• Precipitation (mm/year). 

The figure below represents the approximate climate classification of Bhutan as given in 

Bhutan Energy Baseline 2019.  
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ii. Building Orientation 

Building orientation is the placing of a building such that solar and wind patterns are 

considered in the early design phase itself to maximize or reduce their effects based on the 

usage of the building and the climatic conditions such as temperature, solar radiation, sun 

angle, relative humidity (Your Home, 2017). 

In other words, orientation is how a building is positioned in relation to the sun paths in 

different seasons, as well as to the prevailing wind patterns. In passive design, it is also about 

how living and sleeping areas are designed and positioned, either to take advantage of the 

sun and wind, or be protected from their effects. 

The purpose of orientation is to provide residents with a comfortable living space 

throughout the year even under severe undesirable weather conditions. The building must 

be orientated to maximize or reduce the effects of nature to maximize indoor comfort.   

Figure 9.   Approximate climate classification 
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Building orientation with respect to the sun 

During summer, the sun follows the high angle path, i.e. sun will rise north of east and set 

north of west and the natural lighting is most easily available at the north façade as 

minimum solar radiation will fall at a high angle.  

During winter, the sun follows the low-angle path, i.e., the sun will rise south of east and set 

south of west and the solar radiation will fall on the south façade at a very low angle. 

Therefore, the building should be oriented on the east-west axis.  

The underlying principle of maximising the amount of solar radiation in winter and 

minimising the amount in summers remains the same for different locations and climates.  In 

cold regions, the buildings should be oriented to maximise the solar gains and the reverse is 

applicable for hot regions.   

Figure 10.   Sun path diagram for Northern Hemisphere 

N 

Orient longer facades facing north and south axis. 

Figure 11.  Building orientation  
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Sun path diagram can be generated through the link or using software such as Ecotect, 

Climate consultant with the help of the latitude and longitude of a particular place 

http://andrewmarsh.com/apps/staging/sunpath3d.html 

Building orientation with respect to wind:  

Bhutan experiences two monsoon3 seasons/ wind patterns; one from the Southwest, and the 

other from the Northeast. From around June to September, the Southwest wind brings 

moisture while the Northeast wind brings cold dry breeze from November to February. In 

addition to the two, the Western Disturbances from the Mediterranean may cause heavy 

snowfall in winter. (Meteorology, 2017) 

For areas that require cooling, it is essential to determine the direction of the breeze at the site 

(especially in the summer months) as it may vary due to surrounding buildings, landscape, 

vegetation, and other factors.  

 

3 A monsoon is a consistent wind pattern generated by a large weather system that lasts for a period of months 

and affects large areas (Meteorology, 2017) 

Figure 12.   Summer monsoon and winter monsoon in the South Asia region 

Source: www.pearsonhighered.com 

 

http://andrewmarsh.com/apps/staging/sunpath3d.html
http://www.pearsonhighered.com/
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In order to maximize cross-ventilation, the windows must face the prevailing wind. Areas such 

as the kitchen must be on the leeward side in order to prevent hot air and odor circulation 

within the building.  

iii. Natural Ventilation 

All habitable rooms require ventilation for the exchange of indoor air with outdoor air to 

minimize indoor moisture, odours, and other contaminants.  

Ventilation is necessary for the following reasons: 

a) To prevent the undue accumulation of contaminants such as carbon monoxide, volatile 

organic compounds (VOCs), dust mites, and radon that may cause health problems such 

as asthma, lung diseases, etc.  

b) To remove bad odours.  

c) To prevent condensation and mould growth in building structures. The excess moisture or 

humidity that is produced within the home must be removed, as high levels of moisture 

will result in physical damage to the structure and mould growth which are hazardous to 

inhabitants. 

Functional Requirement of the Ventilation system 

From the human comfort point of view, a ventilation system should meet the following 

functional requirements: 

1. Air changes or air movement: To ensure sufficient ventilation, the ASHRAE has 

recommended that a home's living area should be ventilated at a rate of 0.35 per-hour 

air changes or 0.4248 cubic meter per minute (m3/min) per person whichever is greater. 

2. Humidity: Relative humidity within the range of 33 to 70 percent at working 

temperature of 21°C is considered desirable. For higher temperatures, low humidity 

and greater air movement are necessary for removing a greater portion of heat from 

the body. 

3. Quality of air: The air in the habitable areas should never contain more than 0.06 

percent of CO2. The air should be kept within this condition by proper ventilation. 

4. Temperature: The value of effective temperature, from the human comfort point of 

view, depends upon the type of activity, geographical conditions, age of occupants, 

type of clothing etc. The common values of effective temperature in winter and 

Figure 13.   Prevailing wind orientations 
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summer are 20°C and 22°C respectively. The ventilation should be such that the indoor 

temperature is kept at or near to the effective temperature. 

Natural ventilation is the traditional and common method that allows the fresh outside air to 

replace indoor air. This is generally through means of unregulated/uncontrolled air movement 

into a building through cracks, small holes (infiltration) and openings such as windows and 

doors. 

In the current scenario, buildings in Bhutan use windows as the main mode of ventilation as it 

is free of cost. Unfortunately, the natural ventilation rate is unpredictable and uncontrollable 

as it depends on the outside temperatures, wind, and other factors. Homes with natural 

ventilation experience high energy costs, low comfort level and also allows the entry of 

contaminated air. 

There are various natural ventilation strategies, some of them are: 

a. Single-sided ventilation 

This strategy is applicable when a space has opening only on 

one side. The building orientation and location of openings 

with respect to the prevailing wind direction are the key 

considerations that should be made. 

 

 

b. Cross Ventilation 

Cross ventilation is enhanced when the inlet and outlet are 

placed at the diagonal ends of the indoor space, in both plan 

and section. The building orientation, size of openings and 

depth of room are the key considerations that should be 

made. 

 

 

c. Stack Effect 

When hot air rises, it creates a natural draft that removes the 

heat in a building. The height of the stack, areas of the stack 

inlet and outlet, material and colour of the stack on the outside, 

unobstructed wind flow inside the stack to avoid reduction of 

air speed are the key considerations that should be made. 

 

 

 

Figure 14.   Single-sided 

ventilation 

Figure 15.   Cross ventilation 

Figure 16.   Stack effect 
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iv. Openable Window to Floor Ratio (WFRop) 

Windows are the major area of heat loss or gain in a building and can provide sufficient 

daylighting which reduces the use of artificial lighting while also serving as a mode of natural 

ventilation. Hence, it is essential to aim for optimal Window to Floor Ratio in the design phase 

itself and is calculated as follows: 

ὡὊὙ Ϸ
Ὕέὸὥὰ ὕὴὩὲὥὦὰὩ ὡὭὲὨέύ ὃὶὩὥ ὸέ έόὸὨέέὶά

Ὂὰέέὶ ὥὶὩὥά
ρππϷ 

As per the Bhutan Building Code 2018, the requirement for openable area to outdoor are as 

follow: 

Room Type Minimum Total Openable window area 

to outdoor  

Habitable Room 1/6th of Floor area 

Kitchen 1/6th of Floor area 

Store 1/10th of Floor area 

Basement 1/10th of Floor area 

v. Window to Wall Ratio (WWR) 

Windows in a building impacts heating, cooling, lighting, ventilation and view. Windows are 

the weakest component in the building system in terms of energy efficiency as the major heat 

loss or gain take place through it due to inherent properties of the glass/glazing.  Hence it is 

essential to aim for optimal Window to Wall Ratio in the design phase itself. 

ὡὡὙ Ϸ
ВὋὰὥᾀὭὲὫ ὥὶὩὥ ά

ВὋὶέίί ὩὼὸὩὶὭέὶ ύὥὰὰ ὥὶὩὥ ά
4 

vi. Thermal zoning 

A zone is usually an area/ collection of rooms/ spaces within a building controlled by a single 

thermostat5 as they have similar thermal demand. Thermal zones are important in HVAC 

design as the rationalized zoning of a building may prove more cost-effective than having one 

zone or too many zones.  

vii. Building Form 

Surface area of buildings play a vital role in heat loss or gain as the greater surface area 

implies more area for the heat to pass through. Hence, the form factor and compactness of a 

building are important aspects to be considered in the initial design phase to reduce energy 

consumption of buildings.  

 

4 Formula from EDGE 

5 A thermostat is a component of the building’s control system that senses the temperature of a system and 

accordingly assists in adjusting the heating/ cooling input in order to achieve the required set point (desired/ set 

temperature). 
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Form Factor is defined as the ratio of the total heat loss area to the habitable floor area 

(NHBC Foundation, 2016), in other word it is also refers to the ratio of external surface area 

(S)to the internal treated floor area 6(A). It allows for comparison of efficiency with regard to 

the treated floor area. (BRE).  

Ὂέὶά Ὂὥὧὸέὶ 
Ὕέὸὥὰ ὬὩὥὸ ὰέίί ὥὶὩὥ έὪ ύὥὰὰίȟὶέέὪί ὥὲὨ έὴὩὲὭὲὫί ά

ὌὥὦὭὸὥὦὰὩ Ὢὰέέὶ ὥὶὩὥ έὪ ὥὰὰ ίὸέὶὩώί ά
 

The building efficiency improves with the lowering of Form Factor as the heat loss area for a 

given floor space is reduced. The form factor usually ranges from 0.5 to 5. 

  

 

6 Treated floor area- 

Figure 17.    An example of two types of homes with same floor area (relevant 

surfaces are highlighted orange) but significantly different heat loss areas 
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The form factor for different types of homes (highlighted in green) with the same habitable 

space area is as follows: 

Though the first (End mid-floor apartment) and the last (Bungalow) homes have the same 

habitable floor area, the apartment is more than three times efficient than the bungalow. Thus, 

designers, home owners and residents should aim for building types that have the lowest Form 

Factors to reduce the energy consumption (NHBC Foundation, 2016). As can be seen from the 

figure above, buildings with multiple storeys have a lower form factor than single-storey 

houses. 

  

Figure 18.   Building Form Factor 
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6. Building Envelope 

Following bioclimatic design, the next step in the design of an energy efficient building is the 

development of a highly performing building envelope. Improved building envelope 

performance can be achieved through better insulation, better windows, improved 

airtightness, and minimising the thermal bridges. 

6.1. Insulation 

Heat flows from warmer to cooler areas until temperature equilibrium is achieved. Therefore 

in winter (or in cold regions), heat continuously flows from the heated indoors to to the cold 

outdoors, while during summer (or in hot regions), heat flows from the outdoors into the 

house. This flow of heat can be controlled/decreased/prevented with proper insulation.  

Insulating a building can be explained as the addition of a layer of material to the building 

which would help in minimising the transfer of heat into or out of the building; simply put, it 

could be compared to putting a coat on. In the colder regions, the insulation layer helps retain 

the heat inside the building, while in warmer regions it minimizes the heat entering through 

the walls or other building components from outside. 

While using insulation, it is vital to consider the R-values/U-values of various insulation 

materials and their combination in order to ensure optimal performance (See Annex A). The 

R-value (m2K/W) is the thermal resistance of a material - the higher the R-value, the greater 

the insulating property of a material. The inverse of the R-value is known as thermal 

transmittance and is represented as the U-value (W/m2K). Thus, it is the inverse sum of the 

resistances (Rc) of each building material and the surface resistances of the outer (Rso) and 

inner faces (Rsi) of the envelope.  

The R-values and U-values  are calculated as follows: 

Ὑ ὸȾ‗  

t is the thickness of the material in meters. 

λ is the thermal conductivity of the material. 

 

Ὑ Ὑ Ὑ Ὑ Ὑ Ὑ Ὑ  

Ὗ ρȾὙ  

 

Rtotal is the total resistivity of component. 

U is thermal transmittance of component. 

 

Depending on the type of climate, usage and level of 

comfort expected, the insulation solution will differ. 

Figure 19.   U- Value Calculation 
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6.2. Window Design 

In the building envelope, window is one of the major areas where heat can easily escape or 

enter the building. One can minimise this heat transfer by selecting proper window 

components.  

Windows can be made energy efficient by making use of double or multiple glazing, using low 

conductivity window frames, and installing rubber gaskets/sealants around the openable 

window shutters. Its efficiency can be further enhanced by selecting glazing with low e-coating 

and filling the air gap with inert gas to improve thermal resistivity. 

 

6.3. Thermal Bridge 

Thermal bridging is the movement of heat across an object that is more conductive than the 

materials around it. The conductive material creates a path of least resistance for heat flow and 

is called a thermal bridge. Thermal bridging can be a major source of energy loss in homes 

and buildings. (PFT, n.d.) 

Thermal bridges in buildings impact the amount of energy required to heat and cool a space, 

and cause moisture condensation within the building envelope which can result in mould 

growth and structural disintegration. 

Figure 20.   High Performance Window 

Multiple Glazing 

unit 

Low conductivity 

frame with 

sealant 
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Thermal bridges can occur at several locations within a building envelope, most commonly at 

junctions between two or more building elements. Common locations include: 

¶ Floor-to-wall or balcony-to-wall junctions, including slab-on-grade and concrete 

balconies or outdoor patios that extend the floor slab through the building envelope 

¶ Roof/Ceiling-to-wall junctions, especially where full ceiling insulation depths may not 

be achieved 

¶ Window-to-wall junctions 

¶ Door-to-wall junctions 

¶ Wall-to-wall junctions 

¶ Wood, steel or concrete members, such as studs and joists, incorporated in exterior 

wall, ceiling, or roof construction 

¶ Recessed luminaries that penetrate insulated ceilings 

¶ Windows and doors, especially frames components 

¶ Areas with gaps in or poorly installed insulation 

¶ Metal ties in masonry cavity walls 

There are strategies to reduce or prevent thermal bridging, such as limiting the number of 

building members that span from unconditioned to conditioned space, and applying 

continuous insulation materials to create thermal breaks. The common strategies are: 

¶ A continuous thermal insulation layer in the thermal envelope, such as with rigid foam 

board insulation 

¶ Lapping of insulation where direct continuity is not possible 

¶ Structural Insulated Panels (SIPs) and Insulating Concrete Forms (ICFs) 

¶ Reducing framing factor by eliminating unnecessary framing members, such as 

implemented with advanced framing 

¶ Raised heel trusses at wall-to-roof junctions to increase insulation depth 

¶ Quality insulation installation without voids or compressed insulation 

¶ Installing double or triple pane windows with gas filler and low-emissivity coating 

¶ Installing windows with thermally broken frames made of low conductivity material 

Figure 21.   Thermal bridge 

Source: Zero carbon hub 
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6.4. Energy Efficiency Measures 

As per the preliminary assessments carried out in Bhutan, the most economically viable 

solution to make our buildings energy efficient is by providing optimal insulation thickness 

possible coupled with a pure extract air ventilation system.  

The following energy classification for Bhutan is proposed in the Bhutan Energy Baseline for 

the Building Sector. In the Bhutan Energy baseline three performance targets for energy 

efficiency have been recommended, they are Base, Advanced and Advanced +. These level can 

be achieved either through whole building performance method where the level is determined 

by heating and cooling demand or through prescriptive method where the level is determined 

by U value of the component.  

i. Whole Building Performance Method 

The following heating/cooling demand can be achieved through simulation in energy 

modelling software such as PHPP, DesignBuilder, IDAICE, etc. 

For Cold-Cold Temperate climate 

For Warm-Temperate climate 

For Warm1 Climate 

Adv+ 

Advanced 

Base 

Existing 

40 kWh/m2a 

50 kWh/m2a 

70 kWh/m2a 

290 kWh/m2a 

5 kWh/m2a 

5 kWh/m2a 

5 kWh/m2a 

15 kWh/m2a 

Adv+ 

Advanced 

Base 

Existing 

170 kWh/m2a 

230 kWh/m2a 

330 kWh/m2a 

1260 kWh/m2a 

Adv+ 

Advanced 

Base 

Existing 

50 kWh/m2a 

70 kWh/m2a 

110 kWh/m2a 

510 kWh/m2a 
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For Warm2 climate 

For Warm3 climate 

For Hot climate 

 

ii. Prescriptive Method 

This method is a prescribed minimum or maximum value for the envelope component to 

achieve an energy efficiency criterion. 

Thermal transmittance U of walls 

Class Maximum U value 

[W/m²K] 

Adv+ 0.26 

Advanced 0.46 

Base 0.88 

Adv+ 

Advanced 

Base 

Existing 

20 kWh/m2a 

30 kWh/m2a 

40 kWh/m2a 

180 kWh/m2a 

13 kWh/m2a 

12 kWh/m2a 

10 kWh/m2a 

45 kWh/m2a 

Adv+ 

Advanced 

Base 

Existing 

10 kWh/m2a 

20 kWh/m2a 

30 kWh/m2a 

120 kWh/m2a 

35 kWh/m2a 

35 kWh/m2a 

40 kWh/m2a 

110 kWh/m2a 

Adv+ 

Advanced 

Base 

Existing 

90 kWh/m2a 

90 kWh/m2a 

100 kWh/m2a 

360 kWh/m2a 
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Thermal transmittance U of Rabsel & Ekra walls* 

Class  Maximum U value 

[W/m²K]  

Adv+  0.44  

Advanced  0.62  

Base  0.92  

 

Thermal transmittance U of roofs 

Class  U value [W/m²K]  

Adv+  0.21  

Advanced  0.38  

Base  0.66  

 

Thermal transmittance U of floors vs ground 

Class  Maximum U value 

[W/m²K]  

Adv+ [COLD to WARM-

TEMPERATE climate]  

0.21  

Advanced [COLD to 

WARM-TEMPERATE 

climate]  

0.39  

Base [COLD to WARM-

TEMPERATE climate]  

1.22  

Base Advanced Adv+ 

[WARM to HOT climate]  

1.33  

Thermal transmittance U of installed windows 

Climate  Maximum U value 

[W/m²K]  

g- Value 

Cold  

Cold-temperate 

Warm-temperate  

1.58  

65% 

Warm  

Hot  
1.64  

30% 
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Ventilation system 

Class  Device  Technical features  

Adv+  Mechanical ventilation 

system with heat/energy 

recovery  

ɳ* ≥ 75%  

el.efficiency ≤ 0.45 

W/(m³/h)  

Advanced  Extract air system  el.efficiency ≤ 0.25 

W/(m³/h)  

Base  Extract air system  el.efficiency ≤ 0.25 

W/(m³/h)  

*Heat recovery defined according to the PHI (Passivhaus Institut) procedure.   
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7. Building Airtightness 

Building airtightness is avoiding the unintended introduction of outdoor air into a building 

or the loss of air to the outside (for example, through poorly sealed glazing or building 

envelope). Airtightness of a building indicates the level of exfiltration or infiltration of air 

from or into the building. It is usually expressed in terms of n50 or q50. n50 is defined as the 

number of air changes per hour at a pressure difference of 50 pascals.  

Improving airtightness can improve the thermal performance of the building by reducing the 

influx of cold air in winter (or cold regions) and hot air in summer (or hot regions). Improving 

air tightness is one of the most cost-effective and easiest ways to improve thermal comfort 

and reduce energy cost. 

To compare the airtightness of different building, a normalized metrics is essential. The table 

below describes common normalized metrics for the airtightness of building. 

Classification Metric Description Unit Formula 

n50 , ACH50 

 

Air change rate 

Air flow through the 

building envelop at 

50 Pa divided by the 

building volume 

 

[h1] 

 

n50 =  

qE50 

 

air permeability 

 

Air flow through the 

building envelope at 

50Pa divided by the 

envelop area 

[I/(S·m2)] 

Or 

[m3/(h·m2)] 

 

 

qE50 =  

qF50 

 

specific leakage rate 

Air flow through the 

building envelope at 

50 Pa divided by the 

floor area 

 

[m3/(h·m2)] 

 

 

qE50 =  

ELA 

 

Effective 

 

Leakage area 

 

The area of a 

theoretical hole 

which would exhibit 

same leakage as the 

building’s actual 

holes at a 4 Pa 

pressure difference  

 

 

 

 

[m2] 

 

 

 

ELA =  CL  τ Ȣ
 

NL 

Normalized 

Leakage  

ELA normalized with 

the floor area of the 

building 

 

[-] 

 

NL =1000  (
Ȣ

)0.3 
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q50 is the flow through the envelope at 50 Pa pressure difference [m3/h] 

Ag is the envelop area, The inner area of the enclosing surfaces [m2] 

V is the building Volume [m3] 

CL is the air leakage coefficient [m3/h·Pan] 

AF is the floor area of the conditioned volume [m2] 

H is the building height [m] 

ʍr is the reference pressure  

ʍ is the density of air (kg/m3) 

 

Table: Commonly used air leakage normalizing metrics (Source: AIRAH, Home) 

For all of these metrics, the lower the 'airtightness' value for a given building, the more airtight 

the building's envelope is. It can be measured through methods such as fan pressurization and 

depressurization based on ISO 9972:2015 following which the n50 and q50 values can be 

calculated manually or by software (Bednarova, 2016). For instance, if the n50 value is 5 ACH 

(air changes per hour), it would mean that the air inside a room or confined space/ chosen 

structure is replaced by air from outside 5 times in an hour.  

According to the Passivhaus standard, the maximum n50 value for new construction is 0.6 ACH 

and 1 ACH for old buildings (retrofit). 

The European & North American context of air tightness in buildings: 

Type Airtightness 

ACH @ 50Pa 

Building Description 

Very AIRTIGHT 0.6 ACH Passivhaus standard: 

European regulation for new 

buildings 

AIRTIGHT 1.5 ACH Buildings with Mechanical Ventilation 

Heat Recovery: European regulation 

AVERAGE 3 ACH Buildings without Mechanical 

Ventilation  

Heat Recovery: European regulation 

DRAUGHTY 5 ACH  

Source: (PASSIVE HOUSE Pty Ltd, n.d.) 

During the studies conducted by MoWHS in 2015 and in 2018 -2019, several buildings could 

not be tested as the required pressure difference couldn’t be achieved due to very poor 

airtightness. Even in those buildings where the tests could be conducted, the n50 values of 
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buildings ranged from 6.65 ACH (very few) to 108.43 ACH – these values are higher than that 

of draughty buildings given in the table above.  

This shows that the buildings in Bhutan are not airtight at all, and thus a lot of heat is lost to 

the outside in winter while excess heat is gained from outside during summer, making the 

buildings uncomfortable for inhabitants to live in. Therefore, it is necessary to consider the 

airtightness during the pre-design phase itself. 

Maintaining a high level of airtightness within a building greatly helps in enhancing the energy 

performance of the building. Air coming in and out of a building lead to poor energy efficiency, 

heat loss and cold draughts. Hence, incorporation of airtightness measures is necessary to 

improve the energy efficiency and to reduce the cost of energy bills for the occupant.  

To determine the airtightness level of the building and to detect the air leakages, one can 

perform Blower Door Test in the building. 

In most of the buildings the air typically leaks through: 

¶ unsealed or poorly sealed doors and windows 

¶ unsealed vents, skylights and exhaust fans 

¶ gaps in or around ceiling insulation and around ceiling penetrations (for example, 

downlights, pipes and cables) 

¶ gaps around wall penetrations (for example, pipes, conduits, power outlets, switches, 

air-conditioners and heaters) 

¶ gaps between building envelope junctions (for example, floor−wall or wall−ceiling) 

¶ poorly fitted or shrunken floorboards. 

Figure 22.   Blower door test being conducted to determine airtightness 
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Source: Sustainable Energy Authority Victoria 

Achieving Airtightness 

In any building, drafts or air leaks can cause serious issues for efficiency, comfort, and 

health safety. The resistance to unintentional airflows in and out of a building is 

essential for achieving airtightness of building to maximize building performance. 

  

Figure 23.   Common air leakage area 
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The figure below shows the typical air leakage path in traditional Bhutanese house.   

 

  

Figure 24.   Typical air leakage in a traditional Bhutanese building 

Leakage between 

khep and cham 

Leakage between frames 

Leakage between 

kachung and post 

Leakage from 

thrangchok joints 

Figure 25.    Typical air leakage from the window(inside) 

Between window 

frame and wall 

Between window 

frame and shutter 

Between shutter 

and glazing 
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The air leakage above figure can be reduced: 

¶ by sealing air leakage area with the tape or weatherstrip 

¶ proper joints between the members 

¶ use of seasoned wood to reduce deformation/shrinkage which could lead to 

gaps between members 

Windows can be made airtight by applying a continuous bead of caulk around the 

window frame where it meets the wall, at the joints of the frame, and between the 

glass and the frame. 

If the windows do not have to be opened and do not serve as emergency exits, they 

can be locked and caulked.  

  

Figure 26.   Weatherstripping of window for air tightness 

Rubber Gasket 

Caulking 
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The air leakage from the doors can also be made airtight by weatherstripping the joints 

between the members of the door frame and with gasketed door-bottom 

weatherstripping that attaches to the door, or with full or partial threshold 

weatherstripping that is attached to the door sill.  

 

 

 

 

 

  

Figure 28.   Weatherstripping the joints of door for air 

tightness 

Caulking 

Rubber Gasket 

Between door 

frame and wall 

Between door 

frame and Shutter 

Between wooden 

panel and lock rail 

Bottom rail 

Figure 27.   Air leakage from the door 
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The leakage from the service pipes (e.g., water, gas and cables) can be made airtight 

by using the seals such as top hat washers or collars. It is better to seal the penetrations 

prior to installing kitchen units, baths, or other fittings otherwise it may be difficult to 

access gaps and holes.  

 

 

  

Figure 29.   Good sealing between the soil vent pipe and the floor structure (1) & 

Pipe snug to make airtight (2) (source: NHBC Foundation) 
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8. Ventilation 

8.1. Mechanical Ventilation 

After making a building airtight, it is important that adequate ventilation is provided. Using 

one or more ventilators and duct systems to remove stale air and to provide the house with 

fresh air, can better control the indoor air circulation and indoor air exchange with outdoor air. 

Energy experts often state, "seal tight, ventilate right" which means that buildings should be 

tightly sealed with appropriate sealing materials to reduce infiltration, and a ventilation system 

must be installed to provide fresh air and to remove pollutants and odours when and where 

needed in a controlled manner.  

The following are the types of mechanical ventilation system: 

i. Extract Ventilation System 

Extract ventilation systems function through building 

depressurisation. The system removes the indoor air 

mechanically  which reduces the inside air pressure below 

the outside pressure. This pressure difference allows the 

fresh air from outside to infiltrate into the building through 

the leaks and deliberate passive openings of the building.  

 

ii. Supply Ventilation System 

Supply ventilation systems functions through building 

pressurisation. By forcing the outside air into the building, 

the stale indoor air escapes out of the building through the 

shell, openings, bath and kitchen ventilation ducts, and 

deliberate openings. 

 
 
 

iii. Balanced Ventilation System 

Balanced ventilation systems neither pressurize nor 

depressurize the building when properly designed and 

installed. Rather, they introduce fresh outdoor air to indoor 

and exhaust polluted indoor air to outdoor by maintaining 

equal pressure between indoor and outdoor.  

 

Usually, a balanced ventilation system has two fans and 

two duct systems, and facilitates good fresh air distribution 

by placing the supply and exhaust vents in suitable 

locations. Fresh air supply and exhaust vents can be 

installed in each room, but a traditional balanced ventilation system is designed to supply fresh 

air to bedrooms and living rooms where people spend most of their time, and exhaust air from 

rooms where humidity and contaminants are most frequently created (kitchen, bathrooms, 

laundry etc.). 

Figure 30.  Extract ventilation system 

Figure 31.   Supply ventilation 

system 

Figure 32.   Balanced ventilation 

system 
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iv. Balanced, Heat Recovery Ventilation System 

The basic Balanced Ventilation System design is improved 

by integrating heat-recovery units into the system. A heat-

recovery unit reduces heating and cooling expense by 

transferring the heat between exhaust air and fresh supply 

air as required. Comfort is also improved by tempering the 

delivery air and reducing the drafts before delivery.  

 

 

8.2. Spot Ventilation 

To remove pollutants from their sources quickly, the use of 

localized exhaust fans (e.g., kitchen areas and baths 

suppliers) is an important tool for improving air quality, be 

it natural or entire-house ventilation strategies. Spot 

ventilation increases the efficiency of ventilation systems by 

eliminating contaminants from their source as soon as they 

are created and it should be an integral part of the 

ventilation design of any building.  

9. Equipment 

9.1. High-efficiency lighting systems: 

There are two main ways to reduce the energy consumption for lighting 

1. Making use of natural light 

2. Adoption of energy efficient lighting products and intelligent control systems. 

Daylighting has both passive and active methods. Passive methods of daylighting usually 

utilize architecture elements, such as different types of windows, light wells, atriums, etc. Active 

methods of daylighting utilize devices such as moving mirrors and optical fiber to concentrate, 

transmit, and distribute natural light to the location of use. 

Making the best use of the natural light and heat by incorporating different methods of 

construction (mainly position of windows, open space, building orientation, and thermal 

storage) could greatly help reduce energy consumption on the individual level. 

Light emitting diodes (LED) and Compact Fluorescent Lamps (CFL) are more energy-efficient 

as well as more cost-effective than incandescent lamps that have long been in use. 

Furthermore, energy-saving bulbs have proven to be less harmful to the environment.  

While the upfront costs of LED and CFL lights are higher than standard incandescent bulbs in 

the market, they are cheaper when their lifespans  as well as the energy savings associated 

with them are considered. LED are today's most energy-efficient and rapidly-developing 

lighting technology. LED consume up to 90% less energy compared to the traditional 

incandescent bulbs and also lasts 25 times longer, thus, making it a more practical lighting 

alternative. 

Figure 33.   Balanced heat recovery 

ventilation system 

Figure 34.  Spot ventilation 
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While LED are better for the environment than CFL, CFL have also been proven to be good for 

the environment. CFL bulbs not only use about 80% less energy than incandescent bulbs, but 

they significantly reduce CO2 emissions into the atmosphere. The CO2 emissions associated 

with light bulbs would be greatly reduced if more people began replacing just one 

incandescent bulb with a CFL or an LED bulb.  

 

9.2. High-efficiency appliance: 

Besides consumption of energy for lighting, another source of consumption is the use of 

energy-intensive home equipment. Because of this, households are not only energy in-

efficient, they are still one of the primary contributors to the production of greenhouse gas 

emissions (GHG) today. As a result, it may be ideal to make use of today's innovation, such as 

employing energy-efficient tools to make our households more energy efficient while also 

cutting down GHG emissions. 

The energy efficiency level of an appliance can be determined from theirstar rating. 

Figure 35.   CFL and LED lamps 

Figure 36.   Energy efficiency labels for India (left) and for Thailand 

(Right) 
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i. Star rating 

The star rating refers to a model's energy efficiency in comparison to other models of 

comparable size. When compared to comparable models of the same size, more star’s 

indicates higher efficiency. The majority of products are rated from one to five stars. 

Technology, on the other hand, is improving as is energy efficiency. Thus, there are certain 

super-efficient models with an extra row for stars in stores and online these days, as they can 

have up to ten.  

ii. Energy consumption  

The amount of electricity used by an appliance is reflected as its energy consumption. The 

energy consumption number can be used to compare any model, regardless of size 

(capacities). The lower the number, the lower the energy consumption, thus cheaper the 

electricity bill . 

  

Figure 37.   Star rating on electric equipment 

Figure 38.   Energy consumption rating on electric 

equipment 
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10. Renewable Energy in Buildings 

Globally, building accounts for 36 % (IEA) of total energy consumption while it accounts for 

42% in Bhutan. Moreover, according to IEA, buildings are responsible for around 40% of the 

total carbon dioxide emissions. Due to this, a major paradigm shift is required towards 

renewable energy to meet our energy demands. 

Renewable resources commonly used in building applications are as shown in the figure below.  

 

 

10.1. Solar Energy 

Bhutan is located closer to the equator and huge area is located at higher elevation where 

solar energy is in abundance. Our country has a Global Horizontal Irradiance (GHI) of 1600 to 

2600 kWh/m² where it is an ideal condition for solar as source of energy.  

i. Solar Power 

Photovoltaic (PV) is also called solar cells, are electronic devices that convert sunlight directly 

into electricity and it is one of the well-established technologies in power generation. This 

technology converts irradiation from the sun’s direct and diffuse irradiation into electrical 

energy. The power generation depends on the weather conditions and the position of the sun. 

Such uncertainties in the weather pattern make energy generation indeed difficult, especially 

within the mountainous region due to the impact of its microclimate.  

 

Electricity generation from solar power forms an integral part of Bhutan’s AREP. For PV, a target 

of at least 5 MW of installed capacity is set to be achieved by 2025in the country. (IRENA, 2019)  

Figure 39.   Renewable energy in Bhutan 
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The electricity generation capacity can be calculated using the solar map.  This map is 

developed using satellite-derived data and it is further validated by ground measurements. 

The following sources are generally for obtaining global and diffuse solar irradiation as well as 

for temperatures.  

1. Photovoltaic Geographical Information System (PVGIS) 

2. Meteonorm  

3. NASA-SSE 

4. SolarGIS 

5. 3TIER 

The map shown above indicates the solar potential across different regions of the country. The 

theoretical potential for solar power generation in Bhutan is estimated at 6TW, and about 

10.700 TWh/annum. Thus,  if every square meter of Bhutan was to be covered with the PV 

modules, it has the potential to  meet 40% of the world’s current energy demand.  

Grid-tied, grid/hybrid, and off-grid solar PV are the three basic varieties of solar PV with 

storage. They all have benefits and drawbacks; therefore, the choice mainly depends on the 

customer's and what they want to gain out of the system. 

  

Figure 40.   Solar map showing 3Tier in kWh/m² including districts and major national network 

(DRE) 
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a. Grid-tied  

A grid-tied Solar PV system is a simple solar installation with no battery storage and a standard 

grid-tied inverter. People who are currently on the grid and consuming energy from it but wish 

to add solar energy to their homes would appreciate this option. Grid-tied systems are very 

easy to build and maintain since they have a small number of components. The primary goal 

of a grid-tied system is to reduce the energy bill and take advantage of solar incentives. One 

major disadvantage of this technique is that if the power goes out, the system goes out with 

it, thus no energy through the system can be generated. The system is connected to the 

electrical grid and cannot work without it. However, storage can be added to the system later. 

An AC-coupled system, in which the original grid-tied inverter is connected with a battery 

backup inverter can be  employed. 

Customers can benefit from net-metering since they can send power back to the grid when 

their solar PV system produces more than what they need. When the demand load exceeds 

what the solar can provide, they can purchase power from the utility.  

 

b. Grid-hybrid system 

The next type of system is a grid-hybrid system, which is a grid-tied system with battery 

backup. In this system, batteries are utilized to store extra electricity generated by the solar 

photovoltaic system after fulfilling the power need of the loads. If the grid from where the 

power drawn is prone to frequent power outages and isn't a reliable energy source, this is an 

excellent option as there is a backup setup. 

  

Disadvantages of this solar PV system is that it is more expensive and less efficient compared 

to the basic grid-tied system, this is because grid-hybrid system required more elements 

compared to the grid-tied system such as charge controller and batteries.  

Figure 41.   On-grid Solar PV system 
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c. Off-grid system 

People that are unable to connect to the grid can benefit from off-grid technologies. 

Geographic position or the expensive cost of bringing in the power in a locality often leaves it 

disconnected from the grid. Unless the generated solar electricity from this off-grid system is 

supplemented with other renewable energy sources such as wind, generators, and so on, 

batteries are required. 

  

Figure 42.   Grid-hybrid Solar PV system 

Figure 43.   Off-grid Solar PV system 
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ii. Solar Water Heating System 

Solar water heaters (SWH) are a low-cost approach to generate hot water by harnessing the 

sun's energy. Efficient use of Solar Water Heaters would greatly help cut down energy bills. It 

is also environment friendly as it emits very less (almost zero) Carbon dioxide. 

 

SWH system needs to be installed near to the hot water tap, unlike PV which can be installed 

independently from the consumer’s location as long as a grid connection is available in a 

suitable distance from the PV plant. Since this system generates heat which needs to be 

preserved, thus, it is installed near to the required area to minimise the heat loss.  

a. Active SWH system 

A pump and controls are used in an active system to circulate water between the collectors 

and the water tank. To heat the water, the system can employ a direct or indirect method. The 

water is circulated directly through the collectors and then back into the storage tank in the 

direct technique. This method works best in temperate climates where temperatures rarely fall 

below freezing. 

 

A non-freezing heating fluid is cycled through the system in the indirect technique. A heat 

exchanger transfers the heat from this fluid to the water in the storage tank. In areas where 

low temperatures could cause pipes in a direct circulation system to freeze, the indirect 

technique is more commonly used. By doing so, the pipes are saved from bursting in colder 

regions.  

 

Though active SWH system is more expensive to install due to more number of components, 

these systems are more energy-efficient than passive solar water heating system. 

b. Passive SWH system 

Natural convection is used to circulate water in a passive solar water heater. As a result, the 

system's construction, maintenance, and operation consume lesser materials and components, 

thus making this system cheaper than the active solar water heating system. Passive solar water 

heaters, while not as efficient as active systems, are usually more reliable and last longer since 

they have fewer mechanical parts that need to be repaired and maintained. 

 

Passive systems will continue to work even if there is a power loss as no component works on 

electricity. For places where temperatures rarely drop below freezing and for households with 

high daytime and evening hot water demands, an integrated collector-storage system is 

advised. 
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10.2. Wind 

Worldwide 430GW of wind power capacity have been installed. Tremendous development in 

technological and commercial areas are observed in last 30 years. Hence power generation 

using wind is proven to be mature and cost-effective technology (IRENA, 2019). In Bhutan, a 

wind project was piloted at Rubesa, Wangdue Phodrang in December 2015. The project 

consists of two 300kW wind turbines with 60m hub height.  

For the installation of wind turbines, some key steps are: 

¶ A study of the amount of wind at the location. 

¶ The system's siting. 

¶ Calculating the annual energy output of the system and selecting the appropriate 

turbine and tower size. 

¶ The economics, return, and incentives of installing a wind system at the site. 

Figure 44.   Active and Passive Solar SWH system 

Figure 45.   Wind turbines 
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10.3. Geothermal 

Geothermal energy is the heat that comes from the sub-surface of the earth. It can be collected 

to generate electricity and as a source of heating and cooling. 

The temperature below ground is usually consistent all of the time ranging from 10-12°C, 

which the geothermal system take advantage of. A geothermal heating and cooling system 

transfer the extra heat from below ground into the house in the winter (or cold region), and it 

transfers the extra heat from the house into the ground in the summer (or hot region). 

10.4. Biogas 

Biogas is an environment friendly renewable energy source that is produced when organic 

matter, such as food scraps and animal waste, is decomposed in  the process known as 

anaerobic digestion. Microbes digest this food scraps and animal waste in the absence of 

oxygen to produce biogas. It can be used to power cars, heat homes, and produce electricity. 

For centuries, people in Bhutan have heavily relied on biomass for energy. This still remains as 

an integral part of Bhutan’s AREP 2013. AREP aims to achieve at least 5 MW of power 

generation by 2025 from biomass resources. (DRE, 2013)  

Farmers in 20 Dzongkhags have profited greatly from the Biogas Project, which has 

successfully installed 6,087 biogas plants as of December 2019, resulting in a reduction in their 

daily workload and household spending. (DRE, 2020) 

The process of producing biogas entails transporting human or animal feaces to a air-tight 

digester for anaerobic digestion. Fixed dome, Earth pit, Ferrocement, Horizontal, Balloon, 

Floating, and other types of biogas digesters are currently used. However, fixed-Dome plants 

Figure 46.   Geothermal energy for residential homes 
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are the most popular because of their low construction costs, long lifespan of about 20 years, 

and efficient use of space because they are built underground. 

 

10.5. Hydropower 

Hydropower is a renewable source of energy. The energy created by hydropower is 

renewable since it is based on the water cycle, which is driven by the sun thus making it a 

very clean source of energy. 

Bhutan's power supply is almost entirely based on running water that is hydropower. Out of 

a total capacity estimate of 30000 MW, the current hydropower plants already operating 

have a total capacity of 2326 megawatts (MW) installed and running.  

Figure 47.   Biogas for residential homes 
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Annexes 

A. U-Values of Building Materials 

 

Description Conductivity Density Thermal Resistance for Different 

Thickness (mm)7 

K (W/m.°C) (kg/m3) Rc (m2.°C/W) 

1: Bricks (mm)   120 150 200 250 380 

1.1 Clay Bricks 0.6 1850 0.37 0.42 0.50 0.59 0.80 

1.2 Solid Cement 

Bricks 

1.4 2000 0.26 0.28 0.31 0.35 0.44 

1.3 Heavy Sand 

Brick 

1.7 2000 0.24 0.26 0.29 0.32 0.39 

1.4 Light Sand Brick 0.35 650 0.51 0.60 0.74 0.88 1.26 

1.5 Shall Clay & 

Hollow 

0.6 1790 0.37 0.42 0.50 0.59 0.80 

1.6 Cement &  

Hollow 

1.6 1140 0.25 0.26 0.30 0.33 0.41 

2: Tiles (mm)   10 20 30   

2.1 Cement Tiles 1.4 2100 0.18 0.18 0.19   

2.2 Ceramic Tiles 1.6 2000 0.18 0.00 0.00   

2.3 PVC 0.16 1350 0.23 0.00 0.00   

2.4Rubber Tiles 0.4 1700 0.20 0.00 0.00   

2.5 Mozaico Tiles 1.6 2450 0.18 0.18 0.19   

3: Wood (mm)   10 20 30 40 50 

3.1 Beech 0.17 700 0.23 0.29 0.35 0.41 0.46 

3.2 Spruce 0.105 415 0.27 0.36 0.46 0.55 0.65 

3.3 Oak 0.16 770 0.23 0.30 0.36 0.42 0.48 

3.4 Mahogamy 0.155 700 0.23 0.30 0.36 0.43 0.49 

3.5 Pitch Pine 0.14 660 0.24 0.31 0.38 0.46 0.53 

3.6 Plywood 0.14 530 0.24 0.31 0.38 0.46 0.53 

3.7 Chip board 0.17 400 0.23 0.29 0.35 0.41 0.46 

 

7  

*PLEASE NOTE: the Rc-value in the table includes RSO and RSI which is usualy only applied for a wall 

construction, see Figure 19. When considering the R-value of one material layer only RSO and RSI 

should not be taken in account, then the values in the table are to be deducted with 0.127,  

since RSO = 0.04(m2.°C/W) and RSi=0.123 (m2.°C/W). 
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4: Gypsum & 

Cement Materials 

(mm)  20 30 40 50 60 

4.1 Gypsum 0.15 320 0.30 0.37 0.44 0.50 0.57 

4.2 Gypsum Boards 0.39 950 0.22 0.25 0.27 0.30 0.32 

4.3 Portland cement 0.175 1335 0.28 0.34 0.40 0.46 0.51 

5: Stones (mm)   120 150 200 250 380 

5.1 Sand Stone 1.6 1800 0.25 0.26 0.30 0.33 0.41 

5.2 Lime Stone 0.79 1600 0.32 0.36 0.42 0.49 0.65 

6: Insulation (mm)   20 40 60 80 100 

6.1 Expanded 

polystyrene 

0.034 35 0.76 1.35 1.93 205

2 

3.11 

6.2 Extruded 

polystyrene 

0.03 30 0.84 1.50 2.17 2.84 3.50 

6.3 Polystyrene 

beads 

0.045 15 0.61 1.06 1.50 1.95 2.39 

6.4 Polyurethane 0.026 30 0.94 1.71 2.48 3.25 4.02 

6.5 Perlite loose 0.055 120 0.53 0.90 1.26 1.62 1.99 

6.6 Verniculite 

Loose 

0.065 100 0.48 0.79 1.09 1.40 1.71 

6.7 Verniculite 

cement 

0.22 650 0.26 0.35 0.44 0.53 0.62 

6.8 Celton 0.17 480 0.29 0.41 0.52 0.64 0.76 
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B. Different label types followed in different counties to indicate energy efficiency 

level in appliances 

I. Linear category 

The label is based on the notion that the more 

positive signal signs there are, the more efficient 

it is. A simple 1 to 5 star scale with solid stars is 

used on the top label. If the rating does not 

exceed five stars (as in this case), just four stars 

are displayed. The second label also uses solid 

stars to represent a 4 star rating, but it leaves star 

outlines if the rating level does not reach them to 

let buyers understand the maximum rankings 

achievable. The third label employs a solid star as 

a place marker to denote the rating level 

achieved, with star outlines on either side. Instead 

of solid colored stars, the final label employs 

white stars with colors surrounding them to 

convey a rating. China, Japan Taiwan, the United 

Arab Emirates, Vietnam, and Singapore all employ 

this sort of label design 

 

 

 

 

II. Dial category  

 

(Technical Specifications of Energy Efficient Appliances, DRE) 
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Technical Specifications of Energy Efficient Appliances, (DRE) 

Australia, Ghana, India, Indonesia, Malaysia, New Zealand, Saudi Arabia (anticlockwise arc), 

and Sri Lanka all use this style of label (or a very similar form) 

  



 



 

 


