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Abstract. Building energy retrofitting provides a sustainable solution to enhance the thermal performance of

existing structures. Building energy retrofitting has proven to be beneficial in alleviating the pressure of energy

shortages in developed countries. However, an economic analysis is necessary to determine technically feasible

and economically viable measures in a particular region. Furthermore, residential buildings in developing

countries tend to have lower-performance construction and energy systems than modern commercial buildings.

Building energy retrofitting is more cost-effective for improving energy efficiency than reconstruction. This

study proposes a cost-effective approach for retrofitting existing residential buildings. A well-known dynamic

algorithm was used to examine several retrofitting assumptions. Hence, this work examines the importance of

thermal retrofitting in the case study of Afghanistan. Based on the quantitative findings of energy modeling, a

priority guide was created for the most viable and practical retrofitting solutions for residential buildings, and

financial analysis of initial investment versus return was done. This comprehensive approach was applied to the

reference building, a typical mid-rise apartment complex in Afghanistan. The findings show that retrofitting

existing buildings has substantial advantages and can increase the energy efficiency of buildings. These findings

will aid in the energy efficiency of Afghanistan’s residential sector and provide valuable references for future

thermal retrofit research and innovation in local and global contexts. Moreover, the findings of this research

could be used to assist stakeholders in determining the most efficient and suitable thermal retrofit solution for a

particular set of targeted buildings and allow Afghan residents to weigh the benefits of improved energy

performance from envelope retrofit and the associated capital outlay.
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1. Introduction

Energy conservation has become a subject for national

policymakers worldwide and a general requirement in

developing countries due to environmental and domestic

energy demands. The construction industry’s approach to

energy efficiency must alter significantly to shift to a more

sustainable environment. Enhancing the energy efficiency

of buildings is critical to the lower energy use of existing

structures and the associated emissions [1]. Existing

buildings can be retrofitted to decrease global energy use

and greenhouse gas emissions significantly. This is having

considered one of the primary strategies to achieve sus-

tainability in the built environment at a low cost and high

adoption rate. Building energy retrofits dramatically redu-

ces greenhouse gas emissions at a lower cost and shorter

time frames than any other approach [2].

Furthermore, building energy retrofit to increase energy

efficiency is more cost-effective than reconstruction,

especially in developing nations. Designing and imple-

menting decarbonization strategies for refurbishment and

retrofitting increases renovation rates, and encouraging

investment should be considered to strengthen the culture

of retrofitting buildings in developing countries [3]. Resi-

dential buildings should be prioritized for retrofitting

because, since urbanization is on the rise, the construction

of residential buildings is increasing. This contributes to a

significant increase in CO2 levels, as the residential build-

ings consume considerable amounts of energy from non-

renewable sources to maintain thermal comfort in the

interior spaces [4]. As a result, thermal retrofitting of

existing buildings would be an alternative to achieve the

various energy efficiency standards set by many countries

to mitigate the environmental impact of buildings [5].

Afghanistan, a landlocked country, relies considerably

on imported energy from neighboring countries [6]. With

71% of total building energy use, residential buildings are

the largest energy consumers in Afghanistan, and the bulk

of this consumption is related to heating, cooling, and

ventilation [7]. Although per capita energy consumption in*For correspondence
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Afghanistan is lower than in many other developing

countries, the energy availability and construction practices

differ from those of the rest of the world. Therefore, other

countries’ experiences or results cannot be applied simply

and directly in Afghanistan. However, building energy

retrofitting is an excellent way to address these problems

economically. Some preliminary studies in Afghanistan

have also demonstrated the benefits of energy-saving

upgrades to existing residences [8], although these only

involved traditional and poorly constructed mud houses and

conventional practices rather than thermal simulation

theories.

The energy retrofit associated with a renovation involves

using energy solutions to restore the original functioning of

a specific building element or improve the energy perfor-

mance of either a single element or the entire structure.

Various metrics could be investigated depending on the

designer’s expertise and the most common local practices.

Thereafter, to incorporate such energy-saving measures, a

detailed energy modeling of a building is necessary, con-

sidering the dynamics of the structure and the behavior of

the occupants [9]. Thousands of residential buildings, par-

ticularly apartments, were built across the country during

Afghanistan’s rebuilding in 2002. At that time, the rele-

vance of building codes, efficiency, and control became

apparent due to the construction of several residential and

commercial structures. However, due to the late adoption of

the energy code (adopted in 2015), its imperfect content,

and a lack of execution, the majority of the buildings in the

country are energy inefficient and have excessive energy

requirements for heating and cooling the indoor environ-

ment. Afghanistan has remained unconcerned about the

energy crisis, and none of the commercially motivated

efficiency techniques adopted in developing nations were

implemented there. This partially explains the lack of

awareness and the late introduction of energy-related codes,

which have not yet been applied. Therefore, it has become

increasingly critical to improve the energy performance of

housing across the country through retrofitting. This

research aims to propose a methodology to evaluate the

viability and applicability of potential energy-saving retrofit

measures in residential buildings in Afghanistan. To con-

struct a compelling case for the implementation of these

measures, a cost comparison for each measure is

performed.

This study uses an example of a seven-story multi-

apartment building builtin 2017 in Mazar-I-Sharif city. The

household area on every floor is approximately 157 m2.

There are no vacancies in the building, which has 14 resi-

dential units. The building has been selected as it represents

the bulk of the residential apartment buildings constructed

in the last two decades in urban Afghanistan [10], and such

conventional buildings with similar envelope materials

require energy upgrades. After all, these structures will be

in use for many years. These residential structures aid in

determining rational energy-saving strategies while

improving social and financial values. As a result, the

information presented in this study is intended to provide

a basic notion of residential energy savings in urban

Afghanistan and provide some suggestions for the

country as a whole and developing countries with similar

economies.

Furthermore, the research describes the methods utilized

to execute a comprehensive, quantitative, and verifiable

building energy retrofit in terms of economic viability, with

consideration of the weather conditions in two of the major

cities of Afghanistan, namely, the hot and dry climate in

Mazar-I-Sharif, which requires intense air-conditioning,

and the mixed dry climate in Kabul city. Cost-effective

residential building retrofitting will benefit the country

regarding lower buildings’ electricity needs. Given the

necessity to retrofit a significant number of residential

homes in Afghanistan and appropriately assess the cost-

benefit of various energy-efficient retrofits, approaches that

consider the thermal behavior of homes are required for

various retrofit scenarios. Furthermore, to determine a ret-

rofit plan based on Afghanistan’s particular economic,

technological, infrastructural, and regional climatic pat-

terns, it is necessary to study its climatic condition to

identify the best solution accordingly.

2. Literature review

Building energy efficiency has become increasingly

important due to a growing interest in lowering energy

consumption and decreasing the associated environmental

implications [11]. A considerable amount of research on the

energy efficiency of buildings is available in the literature

worldwide, with residential structures being the most

prevalent. Many researchers have examined the energy-

saving and CO2-reduction potential of existing housing. A

study on Danish buildings has revealed a potential for a

50% saving in primary energy consumption in apartment

buildings [12]; however, there are still several obstacles to

the renovation process of residential buildings, such as

selecting measures for various climatic and economic

levels. AlFaris et al [13] have confirmed the efficacy of

energy retrofit measures in dry regions and reported savings

ranging from 14.4% to 47.6%, based on the combination of

conservation practices used. However, the authors do not

provide quantitative data on specific indicators or their

methodology. Their findings revealed that increasing ther-

mal insulation may not always be the best option.

Increasing the wall and roof thermal resistance may be

detrimental to high internal heat gains, including in office

buildings. This anti-insulation impact could retain excess

heat within the structure, necessitating more powerful

equipment to eliminate the additional thermal load. How-

ever, this phenomenon occurs only in high-internal-gain

structures and under particular structural and environmental

conditions [14].
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In the same context, a study investigated retrofit mea-

sures by simulating two residential homes that reflect a

high proportion of households in Portugal. The findings

revealed that the measures associated with implementing

active systems yield rapid results. Moreover, Evangelisti

et al [15] studied an early 1950s Italian residential structure

through the dynamic simulation software TRNSYS (Tran-

sient System Simulation Tool) to propose strategies for the

building envelope. The study found that while increased

thermal insulation reduces heating demand, the window

solar gain factor is crucial during summer. Indeed, solar

control glazing may reduce cooling energy use by half

while also being effective in the winter.

Regarding the expanded polystyrene exterior insulating

layer, the researchers indicated that higher thermal insula-

tion reduces wintry heat dissipation but increases cooling

energy demand by 45%. The majority of Afghanistan’s new

housing stock comprises multi-apartment buildings that are

mostly energy inefficient. With the climate in Mazar-I-

sharif, mechanical cooling in the summer is essential for

comfort; the hot and dry environment, combined with

poorly constructed homes, results in significant cooling

demands.

3. Aim and objectives of the study

Almost all housing units (single-family homes, apartment

units) in urban Afghanistan are energy inefficient. In recent

decades, an increasing number of buildings in urban

Afghanistan have been constructed with reinforced cement

concrete (RCC), disregarding the local climate and context,

following the prototypes of neighboring countries. Even-

tually, these constructions require high energy consump-

tion, as evidenced by the significant increase in air

conditioners in residential buildings in recent years. The

repercussions of this high energy use are alarming for an

energy-scarce country such as Afghanistan. This study

evaluates the most efficient building energy retrofit pack-

ages to decrease the energy demand in conventional resi-

dential apartment buildings in urban Afghanistan. The most

cost-effective retrofit design package is proposed based on

energy-saving, availability, and economically viable

indicators.

4. Methodology

This research used modeling and simulation to examine

how to reduce energy consumption through energy retrofit

techniques and to analyze the technology choices in built

environments. Figure 1 depicts the approach that was

employed. At the outset, the energy modeling of the mid-

rise residential building was performed with DesignBuilder,

an EnergyPlus-based simulation program [16], using the

original drawing and in-situ measurements. Prior to the

energy retrofit, a comprehensive energy simulation of the

structure was performed, using the thermal transmittance of

building materials acquired from experimental work and

temperature and relative humidity measurements. With the

use of the in-situ measurement data and the calibrated

simulated energy consumption, the energy technologies

suited for the purpose were then selected—an energy sim-

ulation program assessed and evaluated the various energy

technology packages. Finally, the most cost-effective

package option was identified, and the energy savings were

determined.

4.1 Climatic and environmental characteristics
of selected regions

Köppen’s classification is a widely used climate classifi-

cation system that classifies climate zones across the world

based on local vegetation. Temperature and precipitation,

two essential climatic elements, influence the vegetation

Dynamic simulation of building 
energy performance

Building field survey and data 
collec�on

In term of hea�ng and cooling 
consump�on before retrofi�ng 

and calibra�on with actual indoor 
temperature

Configuring energy retrofit technology plan 
based on 

Identification of retrofit measures for building 

envelop depending on availability of material 

Energy modelling of base 
case building

Reducing the op�mal retrofit plan solu�on 
and assessing the energy cost benefits

Using actual floor plan, material 
specifica�on and U-value and 

clima�c data

Energy performance calculation through 
dynamic simulation after application of 
retrofit plan

Figure 1. Applied methodology.
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that grows in a given place. Köppen’s classification map

defines the climate of Mazar-I-Sharif as ‘‘arid steppe cold’’

and Kabul as ‘‘Cold (Continental), dry, warm summer.’’

[17]. Moreover, the ANSI/ASHRAE (American Society for

Heating, Refrigeration and Air-Conditioning Engineers)

Standard 169-2020 climate data for building design defines

Mazar-I-Sharif as a hot-dry (2B) and Kabul as a mixed-dry

climate (4B) [18]. Mazar-I-Sharif, the northern Afghanistan

regional hub, located at 36 42’ 32.54 N, 67 06’ 39.13 E, and

391 m above sea level, is one of the country’s most densely

populated cities [19]. July is the hottest month of the year,

with an average temperature of 40.2�C. Kabul, at latitude
34� 32’ 38.0256’’ N, longitude 69� 9’ 38.3472’’ E, and

1,791m above sea level, is at the center of Afghanistan [20].

The city’s average annual temperature is 15 Æ C. July is the

warmest month, with an average temperature of 27�C,
while the coldest month is January, with an average dry

bulb temperature of 1�C. Figure 2 compares yearly average

minimum and maximum temperatures in Mazar-I-Sharif

and Kabul.

5. Analysis approach

Building energy consumption is primarily determined by

the characteristics and operating schedule of the building

and the weather conditions. Therefore, prototypes that

mimic actual residential buildings were created in the initial

stage. For this purpose, a literature study [10, 22] was done,

and a case study was employed to represent the typical

characteristics of buildings in urban Afghanistan.

A prototype dwelling was defined to evaluate the most

efficient thermal retrofit measures in a harsh climate with

scorching summers and freezing winters. The residential

building considered in this study is a multi-apartment res-

idential building situated in Mazar-I-Sharif, Afghanistan

(figure 3). According to the literature, most recently

constructed multi-apartment residential buildings contain

similar materials. In other words, the case study building

can serve as an example for many more newly designed

structures in Mazar-i-Sharif and other major cities across

the country. Moreover, available local material, which is

typically utilized for constructing envelop (wall) material in

Afghanistan, was used in the selected building.

Furthermore, the building was chosen because it was

constructed with the standard code of conventional building

practices. Therefore, more accurate results are possible by

imitating standardized construction in software. Addition-

ally, the building is located in an arid region of the country,

characterized by hot summers and harsh winters, similar to

most neighboring cities in the country. Consequently,

improving the energy efficiency of these residential units

may significantly lower overall energy consumption in the

building sector in the region. The construction involved

RCC and a single layer of burnt clay bricks in the vertical

walls. Both sides of the walls are covered with plaster, the

interior with GS (Gypsum Soil) plaster made from locally

available material, and the exterior with cement plaster.

The windows consist of Polyvinyl Chloride (PVC) frames

with 3 mm glazing. The apartments have been planned to

employ a split air conditioning system for cooling and a gas

heating system for heating. Each apartment has a floor

space of approximately 334 m2, with two residential units

on each storey. The building comprises a central stairwell

with apartments on either side.

The elements of the building construction for the base-

case energy model are summarised in table 1. The prop-

erties of the energy model were determined with a material

experiment and a field survey. The data for the study were

derived from three sources, namely, (i) a review of the

construction company’s building blueprints, (ii) site visits

to the building, and (iii) interviews with the clients and

contractors. Climate zone, glazing area, and building

materials were all considered. The cooling and heating

setpoint temperatures, building façade composition; occu-

pancy density; type and schedule of lighting; and heating,

ventilation, and air-conditioning (HVAC) systems were all

Months of the year
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Figure 2. Average minimum and maximum temperature in

Mazar-I-Sharif and Kabul city during the year [21].

Figure 3. Residential building, Mazar-I-Sharif, Afghanistan.
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entered into the simulation program. Figure 4 represents the

photographs of the interior of a residential unit.

A field investigation was conducted to calibrate the input

parameters. The model was calibrated with comparing the

measured and simulated data. The measured and simulated

free-running indoor air temperature for the peak summer

months of 1st July to 12th August 2019 were compared.

Apresys (TH 18000436) portable data logger measured the

interior air temperature. Two dimensionless error indices,

cumulative variation of root mean square error (CVRMSE)

and mean bias error (MBE), were employed to measure the

difference between the simulated and measured values,

respectively, using equations (1) and (2) [19].

CV RMSEð Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

PNi

i¼1
Mi�Sið Þ½ �2

Ni

h i

r

1
Ni

PNi

i¼1 Mi

ð1Þ

MBE ¼
PNi

i¼1 Mi � Sið Þ
PNi

i¼1 Mi

ð2Þ

Mi and Si are the measured and simulated data at instance

i, respectively, and Mi Is the total number of values used in

the computation. In conclusion, these explain the discrep-

ancies between EnergyPlus space temperature projections

and actual measurements. The MBE and (CVRMSE) values

achieved were 4.48% and 9.81%, respectively, within the

ASHRAE-14 Guide acceptability level for energy model

calibration [23].

The exterior façade has a u-value of 1.52568 w/m2 k and

comprises brick walls and RCC structures with a 30%

window-to-wall ratio. Each residential unit is cooled and

heated with electricity and Liquefied Petroleum Gas (LPG).

Floor plans for the study buildings were prepared in

AutoCAD at the initial stage of the modeling process. The

DesignBuilder model was then generated with scaled

AutoCAD floor plans, imported via the user interface. As a

result, the software can precisely read and comprehend

geometric elements of floor designs. The floor blueprints

for each room were then traced to create a 2D representa-

tion. Thereafter, the model was enhanced with doors,

windows, and other interior and external openings. Table 2

lists the parameters used to model the building.

A rendering of the base-case building simulated model

plan is presented in figure 5.

Moreover, the climate data, building orientation, and

shading were added. Afterward, multiple zone classifica-

tions were introduced to the algorithm and assigned to

every building zone, considering occupancy, internal heat

generation, and ventilation. Finally, the building’s con-

struction data were included in the model for accurate

energy use prediction, and the external and partition walls

and the floor and roof materials were all entered. The same

Figure 4. Photographs of the interior of a residential unit.

Table 2. Applied parameters for the building modelling.

Parameters Value

The occupancy density (person/

m2)

0.018 person/m2

HVAC system HVAC 2.7 seasonal cop

Metabolic rate 1 met

Infiltration rate 1.71 ac/hr @ 50pa (measured) /

6.02 m3 /hr/ m2

Table 1. Building location specification.

Location

Afghanistan, Mazar-i-Sharif,

longitude: 67� 06’ 39.13 E, latitude: 36�
42’ 32.54’’ N

Usage Multi apartment residential building

Construction Reinforcement concrete (RCC)

structure with brick wall

Building size Number for floor: 1 basement level ? 7

ground level

Window to wall ratio 0.35

Building ground floor

area

360.15 m2

Floor height 3 m

Residential plan form Square

Number of apartments

per floor

2
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wall construction features were used to ensure that the

models were consistent. Table 3 represents the character-

istics of the building base model.

5.1 Weather conditions

The energy balance of the buildings is always affected by

weather conditions. The weather file contains data that

includes altitude, latitude, and longitude, as well as hourly

series of temperature, humidity, wind speed, solar radiation,

precipitation, and other essential climatic characteristics.

Figure 6 represents daily indoor air temperatures and the

relative humidity of apartment rooms, recorded in the peak

summer month (from 1/7/2019 to 12/8/2019) without using an

air-conditioning system. Using Apresys portable data logger

(TH 18000436), the temperature and relative humidity of the

indoor air were recorded at 10-minute intervals. The average

indoor temperature on the sixth floor, according to the mon-

itoring, was 37.20C in July. Furthermore, since the top floor is

more exposed to solar radiation and remains unshaded during

the day, as opposed to the first floor, which is partially shaded

by neighboring structures, the daily temperature is higher. The

Monitored indoor temperature and relative humidity are pre-

sented in figure 6.

It was confirmed that the average difference between

indoor and outdoor temperatures in the summer season is

3.8 0C, as shown in figure 7. The outdoor temperature

impacts the indoor temperature, so as the outdoor temper-

ature decreases, the indoor temperature of the non-AC

rooms also decreases [24].

6. Employed retrofit measures in the studied
climatic conditions

The application of energy measures aimed at either

restoring the original functioning of a particular building

feature or improving the energy performance of a specific

component or the entire building is incorporated in the

energy retrofit linked with renovation [9]. Several metrics

that depend on the designer’s expertise and the most typical

local practices could be investigated. Significant building

energy modeling that considers the structure’s dynamics

and occupants’ behavior is necessary to implement energy-

Table 3. Characteristics of the building base-model.

Parameter Specification

External walls (U-value: 1.52 W/m2*k) 0.025 m Cement plaster (outer side), 0.3 m burnt mud brick, 0.025 m

Gypsum-Soil plaster (inner side)

Roof (U-value: 3.710 W/m2*k) 0.02 m Cement mortar, 0.005 m waterproofing (bitumen), 0.12 m

Concrete slab, 0.025 m Cement plaster

Internal walls (U-value: 1.93 W/m2*k) 0.025 m Cement plaster (outer side), 0.2 m burnt mud brick, 0.025 m

Gypsum-Soil plaster (inner side)

Floor (U-value: 2.135 W/m2*k) 0.003 m PVC flooring, 0.02 m Cement plaster, 0.12 m Concrete slab,

0.025 m Cement plaster

Glazing SHGC-0.703 (2.68 W/m2*k) 0.006 Clear-Double glazed with PVC frame, 0.013-Air

Date

7/1/2019 7/8/2019 7/15/2019 7/22/2019 7/29/2019 8/5/2019 8/12/2019

Te
m

pe
ra

tu
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(°
C
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35

40

45
Mean Temperature (°C)

Max Temperature (°C)

Min Temperature (°C)
Mean real humidity (%)

Figure 6. Monitored indoor temperature and relative humidity.

Figure 5. Floor and zoning plan.
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saving measures. The renovated building’s energy perfor-

mance can be compared with a reference building to assess

the efficacy of the energy-related solutions. This compar-

ison aims to assess whether primary energy consumption

has decreased through the appropriate measurements. The

simple payback (SPB) must be assessed to estimate the

viability of retrofitting measures in Afghanistan.

The intervention, a standard energy retrofit strategy,

may influence the building’s primary components, namely

the envelope and the systems. The degree of commitment

in terms of predefined performance objectives and an

initial budget, particularly in emerging countries such as

Afghanistan, will determine to what extent energy retrofit

technologies will affect these two levels. Since the walls,

windows, and roof account for 90% of the energy loss, the

subject of this study involves the energy-saving retrofit of

these specifically. The conditioned thermal zones in the

buildings contain separate HVAC terminals in each unit.

The primary heating system in the reference residential

unit building is LPG. Electric split air-conditioners are

conventional cooling systems and are installed in all the

thermal zones in the building.

Windows (double-glazed) with PVC frames constitute

the transparent envelope. Existing RCC structures have

low energy performance in building walls and roofs. The

U-value of opaque envelope elements, for instance, varies

from 1.52 to 1.93 W/m2 K, and thermal inertia is high

due to the materials utilized (such as burnt bricks).

Similarly, double-glazed, air-filled windows with PVC

frames with a U-value of 2.68 W/m2 K result in sig-

nificant energy requirements (per square meter) for

cooling and heating.

The study was conducted in two steps. First, the energy

effect of each of the individual measures was calculated

using the energy simulation of the building model, then the

cost of each retrofit measure was calculated with a simple

payback period. These findings result in a possible retrofit

combination option. A blend of opaque and transparent

components characterizes all building envelopes. Poly-

urethane, expanded polystyrene (EPS), extruded poly-

styrene (XPS), rock wool, eco-friendly insulation, and

other materials can be used to insulate building roofs and

walls. However, insufflating insulation materials such as

EPS can insulate a structure’s walls. In addition, the

availability, primary market pricing, and dependability of

the technology applied for insulation should all be con-

sidered in the choice of material. External or internal

insulation can be done, and the latter option could be a

good fit for Afghan RCC structure buildings, known for

having thicker exterior walls than interior partition walls.

Typically, exterior insulation and finishing systems are

ideal, particularly for residential properties, as, first, it

produces higher internal surface temperatures, which

improves thermal comfort, and, second, it generates higher

thermal inertia of the envelope and eliminates heat transfer.

Depending on the defined energy performance targets and

the availability of construction materials and technology in

the region, the interventions at the basis of building systems

can be summarised as follows.

• In this instance, U-values of approximately 0.5 W/m2

K could be obtained with wall insulation, which

significantly impacts heating demand.

• Roof insulation obtains U-values of less than 0.5 W/

m2 K, especially for the climate zone. Since during the

summer season, solar radiation is concentrated on

roofs, and solar heat gain may be reduced by insulating

these flat roofs.

• Window glass replacement with coated reflective glass

can be selected. Double-glazed windows filled with

argon or air can be employed, and reflective coatings

could be utilized to lower the window’s SHGC (solar

heat gain coefficient). To achieve appropriate thermal

resistance PVC frame window can be used.

• The exterior wall coated with 100mm thick polystyr-

ene insulation and the inner surface with 50 mm, can

lower the wall’s steady-state u-value without affecting

the structure’s original form. In theory, the thermal

transmittance value should be decreased by almost

three times; however, the actual u-values before and

after the retrofitting solution were 1.52 w/m2 k and

0.513 w/m2 k, respectively.

Table 4 illustrate the employed retrofit Packages.

The thermal properties of the suggested measures for the

building elements were calculated through DesignBuilder

software by adding the thermal property values of each

layer. The thermal properties of each layer of material were

obtained from three sources. Namely, an experiment on

primary envelop material, country code [25], and ASHRAE

standards. The thermal characteristics of Afghanistan’s

Date
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Figure 7. Comparison of indoor and outdoor temperature and

relative humidity.
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traditional brick and GS interior plaster were identified as

critical components for the building envelope. As a result, a

separate experiment was conducted to determine the ther-

mal properties of these local materials. The ASHRAE

guidelines were used for other standard materials. The

thermal properties of brick and GS plaster, which were

utilized for the interior plastering of the case study building,

were tested with the MTCoE/SOP (Standard Operating

Procedure – ISO:22007-2:2015) technique. The samples

were tested using a thermal constants analyzer with a

scanning rate of 406.184 ms.

7. Results and discussion

Before analyzing the energy-saving impacts of the chosen

measures, the base-case (i.e., before energy retrofit) cooling

and heating loads of the subject building were calculated

with the EnergyPlus simulation engine and DesignBuilder

interface as a benchmark [16]. The heating and cooling

loads of the measures were computed with the same

approach (i.e., after energy retrofit).

The annual cooling and heating energy consumption for

the entire building was simulated. Figure 8 summarises and

graphs the computer modeling and analysis findings to

visually present the changes in the building’s heating,

cooling, and total energy use. Table 5 contains tabulated

findings obtained directly from the DesignBuilder program

after the base-case simulation. The annual cooling and

heating energy is expressed in kilowatt-hours (kWh). As

expected, space cooling accounts for the bulk of the elec-

trical energy use for the baseline in Mazar-I-Sharif. As

indicated in figure 9, space cooling accounts for 57.11% of

the building’s total annual energy use. Heating is required

during the winter months (primarily in November,

December, and January), accounting for approximately

31.66% of annual energy use.

Since this research examined two regions that require

both heating and cooling, it is critical to consider ways to

improve the efficiency of the envelope to reduce cooling

and heating loads through insulation, window glazing, and

other specific approaches. The simulation for the climate of

Kabul is presented in figure 9, and it illustrates that the

heating demand is higher than the cooling energy

requirement.
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Figure 8. Base case-building annual energy consumption for

Mazar-I-Sharif city.

Table 5. Base case Scenario annual total energy required

(Mazar-I-Sharif City).

Cooling 135086.50 (kWh)

Heating 74902.11 (kWh)

Lighting 7641.48 (kWh)

Domestic Hot Water 18896.19 (kWh)

Table 4. Employed retrofit Packages.

Cases Details

I. Reduce the SHGC of glass ( U-Value=2.82, and

SHGC=0.188)

Replacement of baseline clear glass with reflective glass

II. Reduce the U-Value of the External walls

Total: (U-Value 0.513)

Original wall?5 cm EPS (outer side)?25mm cement plaster

III. Reduce the U-Value of the External walls

Total: (U-Value= 0.313)

Original External wall?10 cm EPS (outer side) ?2.5 cm cement plaster

IV. Reduce the SHGC of glass and U-Value

of the external wall (SHGC=0.188, and U-Value

=0.513)

Original External wall ? 5cm EPS (outer side) ?2.5 cm cement plaster, and

Replacement of clear window glass with Reflective glass

V. Reduce the U-Value of roof, wall and SHGC

of glass (U-Value =0.351, U-Value= 0.513,

SHGC=0.188

Original Roof ?5 cm XPS? 0.4 cm bitumen sheet ? 2.5 cm cement plaster;

Original External wall ? 5 cm EPS?2.5 cm cement plaster’

Replacement of clear window glass with Reflective glass

VI. Reduce the U-Value of External) U-Value=

0.313, and partition wall.) U-Value=0.533)

Original External wall?10 cm EPS (outer side) ?2.5 cm cement plaster.

Original partition wall ?5cm EPS (Inner side) ?2.5 cm SG (Soil gypsum) plaster.
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The energy demand for heating, cooling, lighting, and

DHW for the base-case scenario that considers the climate

of Kabul is presented in table 6.

a. Result for case 1
The results indicate that replacing the reflective glass

with baseline clear glass increases the heating energy

requirements by 43.46% and 39.35% in Mazar-I-Sharif and

Kabul, respectively. However, it positively impacts cooling

demand, which decreased by 4.18 % in the Mazar-I-Sharif

scenario; conversely, it caused an increase in overall energy

demand in the Kabul scenario. Figure 10 represents build-

ing energy demands for both the selected cities after

applying case 1, aggregated annually.

The energy demand for heating, cooling, lighting, and

DHW for the reference building after applying the retrofit

package (case 1) is presented in table 7 for the Mazar-I-

Sharif and Kabul climates, respectively.

b. Result for case 2
Different climatic conditions demand varied ideal

thicknesses of EPS for wall insulation to regulate energy

consumption for heating and cooling. Fifty mm of EPS and

exterior plaster were applied to the original wall to deter-

mine the effect of such insulation on the exterior wall of

buildings in two different regions. The results indicate that

it has a significant effect on the cooling energy demand in

the hot climate of Mazar-I-Sharif. However, it does not
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Figure 9. Base case-building annual energy consumption for

Kabul city.

Table 6. Base case Scenario annual total energy required (Kabul

City).

Cooling 62825.13 (kWh)

Heating 94543.36 (kWh)

Lighting 7641.48 (kWh)

Domestic Hot Water 18896.19 (kWh)
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Figure 10. Baseline building vs. Case 1. a) Mazar-i-Sharif city and b) Kabul city.

Table 7. Case 1- Total energy demand annually.

Category

Energy demand kWh

(Mazar-I-Sharif city)

Energy demand kWh

(Kabul city)

Cooling 92641.92 29989.90

Heating 107455.58 131755.06

Lighting 7641.48 7641.48

DHW 18896.19 18896.19
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considerably affect the cooling energy demand in Kabul.

Moreover, the insulation on the exterior walls decreased

heating energy demand in both climates by 29.6% and

28.7%, respectively. Figure 11 displays annual building

energy demands after applying case 2, considering Mazar-I-

Sharif and Kabul city weather conditions.

The energy demand for heating, cooling, lighting, and

DHW for the selected buildings after applying the retrofit

package (case 2) is presented in table 8 for the Mazar-I-

Sharif and Kabul climates, respectively.

c. Result for case 3
The energy-saving retrofit for the external wall of the

building was accomplished by applying an external insu-

lating layer of EPS (100 mm) to minimize the heat transfer

coefficient. The exterior wall insulation is beneficial in

Mazar-I-Sharif in summer and winter, decreasing heating

and cooling energy consumption by 35.8% and 7.8%,

respectively. However, the result indicates that the added

EPS layer does not significantly affect the cooling energy

demand for Kabul housing but can decrease the consump-

tion of energy for heating by 35.18 % during the winter

season. Figure 12 demonstrates annual building energy

demands for case 3, considering Mazar-I-Sharif and Kabul

city weather condition.

The energy demand for heating, cooling, lighting, and

DHW for the reference building after applying the retrofit

package (case 3) is presented in table 9 for the Mazar-I-

Sharif and Kabul climates, respectively.

d. Result for case 4
Figure 13 presents the effect of applying reflective glass

and wall insulation (5 cm EPS) on the energy demand for

heating and cooling in both climates. The result indicates an

overall reduction in energy consumption of 22.48% and

13.9 % for Mazar-I-Sharif and Kabul, respectively, but the

energy demand for heating is not appreciably affected. This

is due to the reflective glass that blocks the sun from

warming the indoor environment, negatively affecting

energy consumption in both climates. The energy demand

for heating, cooling, lighting, and DHW for the reference

building after applying the retrofit package (case 4) is

presented in table 10.

e. Result for case 5
This scenario shows that Mazar-I-Sharif and Kabul’s

overall reduction in energy consumption is 34.11% and

26.9%, respectively. The residential buildings in Afghani-

stan mainly have flat roofs. Therefore, the XPS board

applied to the flat roof and bituminous sheet as an external

insulation layer has considerably affected the energy con-

sumption. Figure 14 illustrates the energy demand of the

reference building after considering the retrofit package for

the climates of Mazar-I-Sharif and Kabul, respectively.

The energy demand for heating, cooling, lighting, and

DHW for the reference building after applying the retrofit

package (case 5) is presented in table 11 for Mazar-I-Sharif

and Kabul climates.
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Figure 11. Baseline vs. Case 2. a) Mazar-I-Sharif city and b) Kabul city.

Table 8. Case 2- Total energy demand annually.

Category

Energy demand kWh

(Mazar-I-Sharif city)

Energy demand kWh

(Kabul city)

Cooling 127050.94 66327.34

Heating 52687.19 67330.60

Lighting 7487.33 7487.33

Domestic

Hot Water

18515.00 18515.00
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f. Result for case 6
The addition of an external insulating layer, consisting of

an EXP coating on the partition and exterior walls, was

simulated to study the impact of opaque surfaces on annual

energy consumption. With a 17.5% reduction in overall and

37.53% reduction in heating energy consumption, case 6

represents the unique approach to mitigating heat disper-

sion in winter. Figure 15(a) and (b) present the energy

consumption for case 6 for the Mazar-I-Sharif and Kabul

climates during the year, respectively.
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Figure 12. Baseline vs. Case 3. a) Mazar-I-Sharif city and b) Kabul city.

Table 9. Annual total energy demand considering case 3.

Category Energy demand kWh (Mazar-I-Sharif city) Energy demand kWh (Kabul city)

Cooling 124534.75 (kWh) 67153.97 (kWh)

Heating 48035.68 (kWh) 61277.94 (kWh)

Lighting 7397.14 (kWh) 7397.14 (kWh)

Domestic Hot Water 18291.98 (kWh) 18291.98 (kWh)
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Figure 13. Baseline vs Case 4. a) Mazar-I-Sharif city and b) Kabul city.
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Table 10. Building annual total energy demand- case 4.

Category Energy demand kWh (Mazar-I-Sharif city) Energy demand kWh (Kabul city)

Cooling 75585.56 26984.89

Heating 82068.84 105321.19

Lighting 7397.14 7487.33

Domestic Hot Water 18291.98 18515.00
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Figure 14. Base-case vs. Case 5. a) Mazar-I-Sharif and b)Kabul city.

Table 11. Building annual total energy demand- case 5.

Category Energy demand kWh (Mazar-I-Sharif city) Energy demand kWh (Kabul city)

Cooling 61789.70 19926.18

Heating 68354.58 88332.61

Lighting 7397.14 7487.33

Domestic Hot Water 18291.98 18515.00
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Figure 15. Base-case vs. Case 6. a) Mazar-I-Sharif and b) Kabul city.
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The energy demand for heating, cooling, lighting, and

DHW for the reference building after applying the retrofit

package (case 6) is presented in table 12, considering the

cities’ weather conditions.

7.1 Comparison of the best retrofit packages for
various energy-saving targets

Table 13 demonstrates that regardless of the energy-saving

goal, retrofitting the walls constantly improves a building’s

energy efficiency. The results shown in figure 16 demon-

strate that when insulation is applied to both the walls and

the roof, more energy savings are achieved than when only

one of the building envelope components is insulated.

Moreover, the result indicates that reflective glass is not

feasible in the Kabul climate as it increases energy

consumption.

Figure 17 compares the baseline and each case energy

requirement considering Kabul and Mazar-I-Sharif city

weather conditions.

7.2 Estimating the benefits

There are different benefits from building energy effi-

ciency retrofit measures based on the building and the

economic status of households. Furthermore, electricity

prices and implementation costs significantly influence

the cost-effectiveness of residential buildings’ energy-

efficient retrofit techniques. Since Afghanistan relies

mainly on imported energy from neighboring countries

[6], energy prices are high and vary depending on the

region. However, building retrofits can provide direct and

indirect economic benefits (e.g., increased property value

or rental level of existing structures, improved living

comfort) [26]. Indirect effects are difficult to define and

translate into monetary terms, so the current study

focused on direct economic advantages. However,

improving the thermal performance of dwellings also

provides noneconomic benefits to residents, such as the

comfort given by energy-efficient homes. It enhances

various areas of everyday living, including well-being,

productivity, health, and mood (resulting in improved

family relations) [27]. This study presents the benefit of

decreasing energy use through any alternative measure

while maintaining the same degree of comfort. Ten local

suppliers (retailers, contractors, construction companies,

and real estate developers) were engaged for cost advice

and to ensure that the suggested features were doable and

financially feasible in local practice. External variables

may influence the energy demand of buildings. A heat

island effect that increases cooling requirements in hot

climates is often found in densely populated metropolitan

areas [28].

Table 12. Building annual total energy demand- case 6.

Category Energy demand kWh (Mazar-I-Sharif city) Energy demand kWh (Kabul city)

Cooling 123195.27 69049.40

Heating 46790.78 60400.97

Lighting 7207.69 7207.69

Domestic Hot Water 17823.48 17823.48

Table 13. Energy savings chart for all the envelope parameters.

Retrofit packages City

Peak

Energy

month

Peak

energy

kWh

Annual total heating and

cooling energy kWh

Percentage

of Savings

Baseline Mazar-I-Sharif JULY 32717.270 209988.6039 0 %

Kabul JAN 26787.610 157368.49 0 %

Case 1 - reflective glass Mazar-I-Sharif JAN 29853.962 200097.4981 4.7 %

Kabul JAN 33919.680 161744.96 -2.78 %

Case 2 – 5 cm EPS on external wall (Inner side)Mazar-I-Sharif JULY 29078.53 179738.1 14.4 %

Kabul JAN 20243.056 133657.94 15.06 %

Case 3 – 10 cm EPS on external (Outer side) Mazar-I-Sharif JULY 28395.79 172570.4 17.81 %

Kabul JAN 18655.607 128431.91 18.38 %

Case 4- Reflective glass? 5 cm EPS on external

wall (outer side)

Mazar-I-Sharif JAN 23021.73 157654.4 24.92 %

Kabul JAN 27679.010 132306.08 15.92 %

Case 5 – 5 cm XPS on roof? Reflective glass?

5 cm EPS on external wall

Mazar-I-Sharif JAN 19116.1 130144.3 38.02 %

Kabul JAN 23171.112 108258.79 31.2 %

Case 6 – 5 cm EPS on internal wall ? 10 cm

EPS on external wall (outer side)

Mazar-I-Sharif JULY 28883.260 169986.0442 19.04 %

Kabul JAN 18171.364 129450.37 17.74 %
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7.3 Payback time

Although upgrading energy efficiency is always beneficial

in terms of decreasing energy use, the payback times vary

depending on the form and source of funding [27]. Allo-

cating resources necessitates relying on the future to reap

the rewards, and the future is, by definition, unpredictable.

Understandably, consumers want to receive and enjoy

products and services sooner rather than later, so they are

prepared to pay interest on money (purchase of fuel) in

exchange for earlier purchases of products and services

[29].

A simple payback method for an operating year was

used to choose the best retrofit solutions. Da Afghanistan

Breshna Sherkat (DABS) services determined the elec-

trical unit cost in each region. The average energy con-

sumption for both locations was then assessed, and the

annual energy savings were determined and used to

establish the simple payback. The payback period was

calculated by dividing the cost of any retrofit measure by

the savings realized for the specific retrofit in a year. The

costs of energy efficiency measures were computed in

both US dollars ($) and Afghani (AFN) and were based

on market rates. The exchange rate that was determined

at the end of 2021 was used. Therefore $/AFN is equal to

1/96.

Every investment was evaluated from a financial stand-

point, considering the price of supplies and installation.

The difference between the energy requirement of the

current building (EC Existing) and the energy requirement

after the retrofit solution (EC Retrofitting) is known as energy

savings (ES). The energy savings were computed using

equation (3) [30].

ES ¼ ECExisting � ECRetrofitting ð3Þ

The payback period is defined as the ratio between the

initial investment and the annual savings due to the thermal

insulation. The payback time was calculated using equation

(4) [31].

Payback period

¼ Initial investmentþmaintainance cost

The total cost of the energy saved ðannuallyÞ
ð4Þ

It should be noted that the payback period for the ret-

rofitting of the building, considering the Kabul climate, is

comparatively high; however, in Mazar-I-Sharif, which has

scorching summers and cold winters, most of the retrofit

packages are economically viable with a short payback

period. Moreover, the electricity price in the two regions

also affects the economic viability of retrofit packages.

Table 14 presents the top minimum retrofit scenarios con-

sidering a simple payback period.
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8. Conclusion and recommendations

There are direct and indirect benefits to building retrofits,

especially in residential buildings in developing countries.

The essential direct benefits include cost savings for heating

and cooling in the winter and summer. Due to the large

number of newly constructed uncomfortable and power-

hungry residential buildings that do not meet the energy

efficiency standards in the country and region, it is neces-

sary to assess the financial viability of an energy retrofit

plan and the suggested feasible retrofit measures. One of

the critical goals of the energy performance of buildings in

Afghanistan should be to promote cost-effective improve-

ments to the overall energy performance.

The primary goal of this study was to develop a tech-

nique to accurately select and evaluate intervention pack-

ages consisting of several retrofit solutions that can be

applied to an existing building to lower energy consump-

tion. A case study was done on a residential apartment

complex in Mazar-I-Sharif in Afghanistan to evaluate the

technique. The approach is based on dynamic simulations

of the thermal behavior of the building, which were per-

formed with the DesignBuilder program and the Energy-

Plus simulation engine. The simulations consider a base-

case scenario and a succession of retrofit intervention

packages, and the results were compared from energy and a

cost perspective. Since it is impractical to examine all

possible combinations of the measures, appropriate retrofit

options for the building envelope, such as thermal insula-

tion and retrofitting of the glazing, were selected.

On one hand, the results show that applying relatively

low-cost wall and roof insulation may be the most cost-

effective. On the other hand, replacing windows glass is not

feasible in the Kabul climate; however, it has a relatively

positive impact on cooling energy demand in the dry and

hot climate of Mazar-I-Sharif.

Wall insulation is beneficial at every level. Thermal

bridges are eliminated by insulating the entire perimeter of

the building with EPS, which can save up to 18% of the

building’s energy consumption. This measure is the most

effective retrofit option for the building envelope. Although

window glass replacement is a frequent retrofit option in

hot climate regions, it is not the most effective option in

Afghanistan for a low payback time.

Furthermore, the analysis shows that the cost of

enhancing the thermal performance of Afghan houses is

recouped in a reasonable timeframe because the cost of

modifying building requirements is compensated by the

energy savings associated with a decreased demand for

mechanical cooling. The study has shown that there are

various advantages to enhancing the energy efficiency of

Afghanistan’s building stock, including reduced power

consumption. Moreover, retrofitting existing buildings is

highly cost-efficient, considering the economic advantages

of decreased fuel consumption and a decreased demand for

electricity production capacity. Besides, given the high cost

and scarcity of electricity, households and other private

entities should consider energy efficiency retrofit measures

that are less expensive and enable property owners and/or

users to invest in energy conservation at a reasonable cost.

Establishing an institutional solid labor force capability is

necessary for any energy efficiency initiatives for existing

and newly constructed buildings in Afghanistan.
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