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Editorial

It is my pleasure to be the Guest Editor of March 2020 edition, Vol.

15. | would like to thank to Dr. Sunil Bhatia for providing me this

opportunity and | would like to express my gratitu de to all the
women authors. This newsletter is a platform for the researchers to

explore their knowledge, experience and findings. This March 2020

issue mainly consists of 5 articles which covers the research works

carried out by brilliant women in Archit ecture of Nepal. This adds
more joy to me. The research works are part of a field based

research carried out as a practioner or as a part of post graduate

dissertation.

The first article focuses research on energy efficient houses for the
proposed smart ¢ ity in Panchkhal, Kavre, Nepal. The second paper is
the study about transformation of traditional settlement in proximity

to Kathmandu Monument Zone demarcated by UNESCO that are in
verge to be conserved which are being affected by so called
urbanization. The third paper is about the role and behavior of
stakeholders towards waste generation and management to analyze

their influence in Municipal Solid Waste Management (MSWM) of
Bhaktapur. The fourth research provides an understanding on the
protection and p reservation of the historic landmark Swayambhu of
Kathmandu Valley (as Strategic views are also the prominent
symbolic landmark) and analyzing the impact of development on the
strategic view for the protection of the emblematic view of
Swayambhu. Where as the last article is about the post
reconstruction scenario in Thecho, Lalitpr, Nepal after Gorkha
Earthquake of 2015 and role of Lumanti to help rebuild the shelter of

people in this Newari settlement.
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Last but not least, | would like to thank all the aut hors for providing

valuable and research based papers. All these paper address the
issues of development, planning and architecture in Kathmandu

valley and Kavre district.
Ar. Archana Bade Shrestha

Pricipal Architect, Archline Engineering Services Pvt. Ltd , Kavre

Senior Lecturer/ Deputy Head of Department of Architecture,

Khwopa Engineering College, Bhaktapur

th

Executive member: 13 executive committee, Society of Nepalese

Architects, Kathmandu
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A Housing Morphology: For the case of proposed

Panchkhal Smart City

Ar Anjana Shrestha Vaidya

ABSTRACT

In context to Nepal, the rapid urbanisation is leading to challenges for

housing and infrastructure. Due to the high density in Kathmandu, the

concept of smart city has been developing and this req uires an
understanding of the present situation of urban development. This

research focuses on studying the housing sector of the proposed

smart city at Panchkhal, Kavre, Nepal focusing on energy efficiency.

The research studies energy efficient housing fo r Panchkhal through
exploratory research. A bioclimatic chart for Panchkhal has been

developed, which shows the thermal comfort range of 19 °C to 28°C.
Four scenarios of a typical single family detached housing are

analysed qualitatively and quantitatively in terms of indoor
temperature and heating cooling load. Base case scenario |, a typical
contemporary housing is improvised into scenario Il with passive

solar design in terms of orientation of rooms, building form and

natural ventilation; scenario Il wi th passive solar design also having
thermal insulating materials; and scenario IV with an addition of solar

home system. It is analysed that the indoor temperature of the

coldest day increases up to 0.68 °C by passive solar design without
thermal insulatin g materials and up to 7.5 °C by passive solar design
with thermal insulating materials while the indoor temperature of

hottest day decreases up to 2.5 °C by passive solar design without

thermal insulating materials and up to 7 °C by passive solar design
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with  thermal insulating materials. T he annual heating cooling load for
scenario | is 1299.28 kWh/yr which decreases to 1116 kWh/year in

scenario Il and further decreases to 353.62 kWh/yr in scenario Il

and IV. Cost effectiveness is analysed in terms of NPV of cost and
annual saving for energy. It is analysed that the NPV of cost of

scenario | is more than scenario Il by 1.75%, more than scenario I

by 2.62% and more than scenario IV by 4.32%.

The analysis justifies that energy efficient housing would harmonize
with the proposed Panchkhal smart city to act smart, through energy

efficiency and cost effectiveness.

Keywords : Smart city, Panchkhal, Energy efficient housing, Heating

cooling load, Net Present Value

[. INTRODUCTION

A. Background

In Nepal, with new municipali ties added in 2014 and 2015, the urban

population now accounts for 40% [1]. However, the rural migrants in

Kat hmandu vall ey ar e creating intensi yed
consuming services like housing. In this context, the concept of smart

city is being devel oped. Focusing on housing sector, the proposed

smart cities of Nepal should be able to plan and design residential

sectors that would be disaster resilient, eco -friendly and energy
efycient [2]. Energy efycient homes includes
to red uce the overall environmental impact during and after

construction in such a way that we can meet the needs of the present

without compromising the ability of future generations to meet their

own needs. This can be accomplished bysefyci

like energy and providing energy savings. Moreover, the household
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sector in Nepal consumes 87% of total energy [3] as shown in Figure

1 which has been addressed in this study.

Energy Consumption by Economic Sectors (%)

Others 0.03
Agriculture [1.17

Commercial M 3.43

Percentage

Transport [l 7.12
Industrial [l 7.89
Residential I 80.36

Figure 1. Energy Consumption Situation by fuel type in Nepal 2011/2012 (Sour
WECS, 2014)

B. The Study Area

The Civil Group of Companies has introduced the concept of smart city

at Panchkhal Municipality of Kavrepalanchowk district, as one of the

most feasible city especially because of nearer proximity to
Kathmandu (44.6 km). It has proposed housing complexes for the

proposed Panchkhal smart city.

C. Obijective of Study

General Objective

AL To study housing sector for the

ce:

proposed

in terms of energy efyciency and cost effectiveness

Speciyc Objectives

ATo study and analyze energy efycient

Panchkhal smart city, in terms of indoor temperature and
heating/cooling load.
A To study cost effectiveness of

terms of Net Present Value (NPV) of cost and annual saving.
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D. Limitation of Study

This research based on housing morphology for the proposed

Panchkhal smart city is only limited to the housing sector of the

proposed Panchkhal smart ci tycus aondICT,doesnadt
infrastructure and services. The research is limited to the residential

sector, focusing only on single family det ac
include multifamily housings. The economic analysis is done only in

terms energy consumption and for only the detached single family

housing, forecasting to the year 2027.

Il. Literature Review

A range of renewable energy in cities can lead to smart city. Both
solar thermal energy and photovoltaic (PV) are modular technologies
that can be integrated in residenti al buildings [4]. Five design

principles have been developed by UN Habitat Nepal in their project i

APromoting Sustainabl e Housing i n Nepal 0 1in
green buil ding materi al s, passive sol ar des
water conservation and was te management [5]. Since Panchkhal has

a warm and humid climate, the design principles are studied in the

context of warm and humid climate.

The general principles of passive design for warm and humid climate
are minimization of the high day temperature, a voidance of direct
exposure of facades to solar radiations, reduction in the humidity
levels and continuous air circulation to reduce heat. Obaidin (2014)

developed a very clear framework for the strategies of passive

cooling, which generally fall into thr ee categories: i. Solar and Heat
Protection ii. Heat Modulation or Amortization Technique iii. Heat
Di ssipation Technique. Energy efyciency <can «L
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management and operation like actuators, thermostat and sensors.
[6]

Status quo of Citie s in warm and humid climate have been studied like

Auroville Town Planning of India, Anupama Kundu Residence at

Auroville, India and Solar Settlement at Schlierberg, Freiburg,

Ger many. Similarly, energy efycient houses
Ghar at Budhan ilkantha and residence of Architect Ujjwal M. Shakya

at Maharajgunj were studied.

[ll.  Methodology

This research on the housing morphology for the case of proposed

Panchkhal smart city is based on an exploratory research

methodology. Through intensive literat ure reviews, it is known that a

smart city includes smart buildings which are generally focused on

ener gy efyciency and cost effectiveness.
studied on the basis of the existing scenario of houses and climatic

context. After that, a su rvey is conducted to validate the research

o0

Tt

t hrough t he user 6s preference t owar ds energ

Nepal. After achieving the validity through the survey, study of design
of such houses for proposed Panchkhal smart city was conducted on

the basis of literature reviews which was later simulated in Autodesk

Ecotect software for guantitative justiycat:.

and cost effectiveness.
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Literature [ Problem Identification |
Review 1
/{ Define Objectives ]\
|

rObjcctivc 1: Study energy efficient housing for ] rObjcctivc 2: Study cost effectiveness of )
| proposed Panchkhal smart city | energy efficient housing.
I ) I

Quantitative method using primary and
ksccondary data collection

s

Qualitative & quantitative method using
\primary & secondary data collection

] !
(Bioclimatic Chart ( )
L/\utodcsk Ecotect (Simulation software) ] Microsoft Excel )
) )
( NPV of Cost )
LIndoor temperature, Heating cooling load Annual Saving )

I

[ Results And Discussions ]—>[ Conclusion And Recommendation J

Figure 2: Conceptual Framework of Study

A. Method for analysis of indoor temperature, heating and

cooling!| oad

Four scenarios for a typical single family house is developed placing

them in their respective neighbourhood context as shown in Figure

3. Base case scenario I, a typical contemporary housing is

improvised into scenario Il with passive solar design in terms of
orientation of rooms, building form and openings; scenario Il with

passive solar design also having thermal insulating materials; and

scenario IV with an addition of solar home system. The scenarios are

initially developed qualitatively on the b asis of literature reviews
and case studies, and are later quantitatively simulated in Autodesk

Ecotect in terms of indoor temperature and the relative heating

cooling load required.
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B. Method for

morphology

l

Scenario I: Scenario 11: Scenario III: Scenario IV:
Base Case Improved ’L Improved Improved
\__ Scenario Sccnqrio 1 Scenario 1 Sccnarlio 111
TN e ~ /" ~
+passivi
Contemporar || . passive dcslgn +thermal +Solar
. m orientation, . .
y Single Jayout and insulating Home
Family House . materials System
N Y J/\openings l . y J

—-[ Indoor Temperature ]‘7

[ Heating Cooling Load ]

!

Cost Effectiveness

)

Figure 3: Scenarios for Analysis

economic

analysis  of

the

ho

Economic analysis has been conducted for the above mentioned

scenarios in terms of NPV of cost and annual savings using the

following procedures.

A Calculation of energy consumption for heating and cooling using

Ecotect software.

A C a lation of energy consumption on cooking,

lighting using primary data.

A Secondary

dat a col |

ecti

appliances,

on for

appliances, solar home system, electronic goods, and discount rates

and so on.

A Calcul

ati

on

of

e ptienr and/ cost i3 mianel for the life

span of house for each scenario i.e. 40 years which includes,

T Initial Capital Cost (NRs) including construction, design

initial equipment cost.

and

T Annual energy consumption (kwh) and Annual Cost (NRS)
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I Future Co st calculated by projecting the annual cost to base year

2027 wusing

A NPV of

the future cost.

A Annual saving

Cost for

n

scenario to the NPV of another scenario.

C. Data Collection

Il npati on

rates and to the

40

a

years is calcul

40

ated

s ¢ eyndadudting the MNPV ofwriea t e d

Climatic data of Panchkhal for temperature, humidity and rainfall are

collected from DHM, Nagpokhari. Primary data collection was done
c mcinkidal Majhelidi of aMard P a

where yeld

survey

wa s

No. 2 lies in the area allocated for low density housing in the

proposed smart city. So, the particular location was selected for

sampling and

yel d

survey.

35.00
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25.00
20.00
15.00
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|

|

O Tmin Avg(°C)

Monthly Average Temperature (2005-2015)
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2 Tmax Avg(°C)

|n

Figure 4: Temperature Data of Panchkhal (2005

Building Material for outer wall (%)

Others 0
Timber [ 4
Stone 16
Brick 64
Mud 16
0 20 40 60 80

Figure 5: Building material used for

outer wall at Panchkhal
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For the economic analysis of the housing morphology, secondary

data is collected on various aspects of energy sector.

A NRB discount rate of 10% referred by taking an average of ten
years from 2006 to 2016.

A Replacement cost of e dged iby takeng the anmrmudlc u |l a

5% increase in dollar value taking the data from 2005 as Rs 70/ - to

2015 as Rs 109/ - (currency, 2016)

Alnpation rate of SHS in yearly decrement rat
A Il npation rate of construction materials con

year calculated from the annual percentage change of 2008 to 2015
[9].

A Per uni t rate of El ect r i-cpertunit, conaideeng as Rs 1

the amount of electrical units consumption and ampere [10].

A Yearly increment rate of el ectricity has b

per year [10].
IV. Analysis, Findings and Results

A. Development of Psychometric Chart

During the study, the ps ychometric chart for Panchkhal has been

developed as shown in Figure 7. Through the chart, it is known that

most of the months are warm and humid. Thermal comfort in winter

i s bet ween 19BC to 24 BC and ther mal comfo
bet ween 2 40B C2 8 BI&st of the months except January and

February require air movement. Almost all months of winter can

have passive solar heating. HMNV is suitable from April to

September.
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B. Scenario Analysis

The analysis of the housing morphology for the proposed Panchkhal
Smart city has been done on the basis of different scenarios placing
them in their respective neighbourhood context as shown in Figure 8
and 9.

Figure 9: Portion of climate responsive

masterplan of Scenario II/11I/IV

Figure 8: Portion of the typical master plan

of base case scenario |
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a. Comparison of Indo or Temperature

The heating and cooling load has been calculated for the three

scenarios as per indoor temperature from Autodesk Ecotect. Besides,

orientation, layout and openings, the scenarios have been

interpreted on the u -value of building materials us ed as shown in
Table 2. Finally, comparison of indoor temperature for the rooms has
been analyzed. Living room, master bedroom, bedroom, kitchen and

dining have been placed in thermal comfort space for indoor

temperature analysis.

IPSYCHROMETRIC CHART]| P

[Atmospheric pressure: 760 mmHg |

ABSOLUTE HUMIDITY grams of water vapor /| Kg of dry air.

DRY BULB TEMPERATURE (*C)

Figure 7: Psychometric Chart developed for Panchkha
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Building | Scenario I Scenario IVIII/TV
Compone Building Material U-Value | Building Material U-Value
nt (W/m2 (W/m2
K) K)
Exterior | Burnt Brick 1.98 Double CSEB | 1.09 W/
Wall (230x110x55) mm in | W/m2 K | 254X127X76) mm with | m2 K
concrete mortar & 12 50mm air cavity and 12
mm cement plaster mm lime plaster
Interior | Half burnt brick 2.25 127 mm thk CSEB wall | 1.87
Wall (110x230x55), in W/m2 K | with 12 mm lime plaster | W/m2
concrete mortar & on both sides K
cement plaster
Floor 110 mm concrete 4.89 110 mm concrete slab|0.56
slab W/m2K | with timber floor | W/m2K
suspended on wooden
joists with air cavity
Roof 110 mm conc slab 3.033 Green Roof 0.32
with cement tile W/m2K | Double roof with cavity | W/m2K
Window | Single Glazed 5 Double glazed window | 3.06
window W/m2K W/m2K
Table 2: U -value of building materials used for the scenarios

Figure 10: Indoor temperature of Master Bedroom in coldest day

The analysis of all rooms shows that the average winter temperature

on January 15 increases up to

0. 68BC in

design without using thermal insulating materials and increases up

t o

7. 5BC

i n

scenari o

[l i . e.

insulating materials. Similarly, the average summer temperature on

19
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