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SOLAR ENERGY IN KIRTIPUR

Solar street lights in public spaces
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H&C_NEA Caoking electric appliances

*High demand of electricity
*Necessity of developing sustainable
and appropriate alternative

Most of traditional houses
Have mud cooking stove

High possibility of
Replacing with I'mproved
Cooking Stoves
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All household use LPG

Almost all have extra cylinder

Biomass fuel replaced by LPG . .
Cockimg_Firawaod snaroy

Gas stove

LPG cylinder

Changing trend in energy use

Electric water heate

Rice cooker

Refrigerato
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Solar Energy
in Bafal:
Solar Photovoltaic Panel
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Solar Water
.| Flat type

[

Planned Settlement of Kohinoor Housing

Vaccum tube type

Unplanned Settlement of Bafal

EARTHQUAKE

Traditional Structures that stoodintactduring
earthquake, Factorscontributingto the intactness of
structure during earthquake, Vulnerable B uilding Practice,
Awareness Programs
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Factors contributing to the intactness of structure during earthquake.
« Symmetrical
« Double Framing of Openings:

U Two complete frames of timber (tied to each other) around the
openings to strengthen itagainst lateral force.

U Location of openings have been carefully controlled keeping all
windows at least 3feet away from corners so as not to weaken them.

« MonolithicCharacter of The Structure Using Horizontal Ring Beam:

u earthquake force is resisted by the building as completeunitrather
than byindividual parts.

« Roof Held Tightly to The Wall:
¢ Use of "Chokus" or Wedges:
U providingstructural integrity between floor joists and wall

U Absorbing some portion of earthquake energy thus reducing the
earthquake effect on the building.

Traditional Structures that stood intact during earthquake « Supporting geology:
Vulnerable Awareness
building Programs
practice

Study focused on analyzing sustainability factors in kirtipur.

« Based mainly on observations, household survey of only 24
houses , cannot be generalized to whole kirtipur but may be
more representative to Bagbhairav area.

¢ Haphazard sprawl ,Changing land use pattern, increasing
built up area ,decreasing agricultural and forest area.

¢ Changing towards unsustainable practice of use of building
materials and haphazard structural orientation.

¢ Challenged Solid waste management, no use of saga and

CONCLUSION nauga , changing to open loops from closed of SW mgmt.

¢ Decreasing ground water resources , increased paved
surface, dependency on centralized supply .

« Heavily dependent on fossils fuel energy , but increasing
trend of solar energy, street lights using solar.

¢ Traditional structures not much damaged as predicted
during earthquake , but changing to vulnerable building
practice.
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RECOMMENDATION

Compact settlement should be emphasized thereby
preserving forest and agricultural areas.

Use of locally available buildings materials to be
promoted, wulnerable building practice to be
nullified.

separation of SW, Home composting , closed loops
of solid waste management to be promoted.

GW recharge to be enhanced, rain water harvesting
to be promoted, dependency on centralized supply
to be minimized, Revival of traditional water
resources,

Dependency on fossils fuel energy to be replaced
by RE most feasible solar.

Traditional structures can still be built seismic
resistant ,thereby conserving culture, minimizing
energy and GHG.

THANK YOU
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ABSTRACT

This report presents major aspects of sustainability, and discusses an approach to implement
sustainable practices in urban planning and development in traditional areas of Kirtipur.
Sustainability is now considered one of the key objectives in urban planning and creating eco-
city. However, due to inappropriate planning, weak institutions, limitation of resources,
inefficient energy use, inappropriate land use and poor implementation of policies, the aspects of
environmental, socio-cultural, economic and energy sustainability has been shadowed. This
report has focused in developing energy efficient solutions in order to conduct knowledge-driven
sustainable social development and operation in the traditional zone of kirtipur.lt has also dig on
sustainability parameters such as land use, transportation, water and waste management, housing
and passive design in Kirtipur and a general comparitive analysis with urban settlement in Bafal
is presented. Here the building material and techniques are analysed and the necessity of safe and
sustainable construction providing comfort to the occupants is highlighted. This report has tried
to reflect the development pattern in the traditional zone of kirtipur and analyze its present and
future impacts.
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1. Introduction:

Kirtipur is one of the traditional ancient
settlements of Kathmandu valley which is
5 km to the south west of Kathmandu
valley. It is also considered to be one of
the satellite towns in the period of King
Shiva Dev Il (1099-1126 AD) with the
total area of 14.76 sg.km and the total
population of 65,032 according to the
census 2011. It is located at 27° 38 37" to
27°41' 36" N and 85° 14’ 64" to 85° 18
00" E and has total 19 wards in which only

five wards i.e 2,3,5,9 and 18 are urban in FFigure 11 Kirtipur zaHilllock coeerestiwitthHosses
character and the rest are dtill rural, its

population still depending on agriculture

for livelihood. It is bordered by the Bagmati river to the east, Machhengaun Village
Development Committee (VDC) to the west, Kathmandu Metropolitan City (KMC) to the north,
and Chalnakhel VDC to the south.

Kirtipur was established in the twelfth century as an outpost of Patan. It later became an
independent kingdom for a short period. The town was built initially within a wall surrounded
strategically by dense vegetation and then open ground as outer rings. Until 1950, the settlement
was confined within the outer wall built during the Malla period (1168-1768 A.D.) (Manandhar
and Shrestha 1990). Kirtipur was identified as a ‘town’ or urban locality in the 1952/54 and 1961
censuses of Nepal. It was declassified as a town in the 1971 census when the criteria for
designating urban localities were changed The ancient layout of open and built-up areas on the
hilltop has survived with little change in recent years, most expansion has been concentrated at
the southern base of the hill.The establishment in Kirtipur of the Tribhuvan University campus,
and the proximity of the municipality to the Ring Road, has made the area attractive as
residential land for the people of Kathmandu. This has brought about significant changes in land-
use patterns and the occupational structure of the municipality in recent years. (Shrestha B.,
2003)

2. Brief Historical Background:

The history of the village goes back to the 12th century when it was an outpost of the Patan but
later became a separate kingdom This was the site of an inspirational peaceful demonstration of
the people in the 2006 mass uprising that overthrew the powers of the king. It is considered to be
an anti-monarchy city due to its bitter history against the Shah dynasty whose modern founder
conquered the city insultingly, which was followed by negligence of the administration and
development by subsequent rulers. (Kirtipur-nepal.blogspot.com, 2016)

According to the History the ancient city of Kirtiopur was founded by Shiva Dev Between 1099
AD and 1126 AD and during the reign of the Malla kingdom in the 15" century, the city was
developed for human settlement. Kirtipur’'s Fortress was considered impregnable. The Gorkha
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King Prithvi Narayan Shah laid siege to it three times before 1768 A.D. Finally, taking the town
and then, it is said, only after it had been betrayed. Even today the weapons from those former
battles are mounted at the roof of Baghbhairab Temple. He exacted terrible revenge for heavy
Gurkha losses — his brother was among those killed by cutting off the nose and lips of every man
and boy over the age of 12. Only wind- instrument players were spared and they were required to
celebrate his triumph. The line of the old town wall, pierced by 12 gates, is still clearly visible.
Most of the townspeople were weavers and farmers, the lower castes living outside the wall.
(Bibek, 2016)

3. Objective

3.1.General Objectives:

- To look at the Parameters of Sustainability from the perspective of Economic, Environmental
And Socio-cultural Aspects of Kirtipur

3.2. Specific Objectives:
To look at the following Sustainability parameters:

Sustainable Land use

Sustainable Transportation

Environmentally sound technologies in energy and industry
Sustainable water and waste water system

Sustainable solid waste management

Sustainable Housing and Buildings

Economic Sustainability

Socio-cultural Sustainability

wn W W W W W N W

4. Methodology:

This Research is an Exploratory, Descriptive and base on the observation. There was limitation
regarding time so maximum research was through our observation along with the photographs,
free hand sketches, literature review, study of Google maps and other documents through the
internet access and journals. In the case of the modern settlement i,e in the Baafal area, we went
to the field with the Belgium students for assisting their projects for the two days. During this
phase we roamed with them and took few pictures and few sketches. Only few questions were
asked to the residents about the land use, electricity and other aspects but the questionnaire were
not prepared. In general we searched the sustainability aspects in the modern settlement which
became difficult to find out as no such traditional aspects were there. After two days intensive
field work, we prepared presentation with the students of Belgium and presented in front of our
teachers, professors of the Belgium students and others.

After the observation in the modern settlement, we were given task to observe the sustainability
aspects in the case of traditional settlement. So, we took Kirtipur as our area of study. For this
study we had an experience from the previous field work i.e Baafal area, so before visiting the
site we prepared the questionnaire and surveyed 24 respondents. The sketches were made on the



SUSTAINABILITY ASPECTS OF KIRTIPUR & URBAN STRIP 8

site and the photo graphs were taken like in the case of Baafal. Various sustainable aspects are
found and noted unlike in the case of Baafal.

5. Land use:

For the purpose of orderly development and to reduce conflicts between urban and
environmental usage, land use regulations are exclusively dedicated to land use, building types
and structures.

Two types of Land Use Zones shall be defined as:

Non Built-up Zones in principal are to be reserved for unaffected nature; any usage is restricted
as pre-scribed. Developments and structures are limited according Chapter 5. Control of Land
Use for building or other Purposes.

In Built-up Zones, usages, developments, and structures are permitted as prescribed. Land shall
only be developed and used in accordance with the permitted use(s) prescribed for each Built-up
Zone in the fol-lowing sections. If exceptional permissible uses are intended, specific reasons
have to be presented.

4.1. Non Built-up Zones

4.1.1 Forest Zones (F)
Forest Zones represent woodland, bush lands, and Zones without any vegetation.

4.1.2 Agricultural Zones (A)
Agricultural Zones are designated only for agricultural purposes, cattle breeding, fishing, cash
crops and horticulture.

4.1.3 Green Spaces (G)
Green Spaces represent public and private parks, recreation Zones, botanical and zoological
gardens, sports grounds, playgrounds, cemeteries, bathing areas and green open spaces

4.1.4 Water Bodies (W)
Water Bodies represent lakes, ponds, streams, canals, rivers, flood areas and spaces to be kept
free in the interest of flood control.

4.1.5 Public Utility Use Spaces and Easements (U)

Public Utility Use Spaces and Easements are designated for waste and sewage disposal, for
tipping and for drains, water mains, sewers and cables.

4.1.6 Conservation Zones (Cz)

Conservation Zones cover non built-up Zones like water bodies and their banks, green spaces,
forests and public utility use spaces which are necessary for conservation from the environmental
point of view. No other activities accept conservation, maintenance and recreation shall be
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allowed. Conserva-tion Zones within the boundary of Kirtipur Municipality are: the zone around
the spring sources in Dudh Pokhari and Shim in Ward No. 7, the Manjushree Cave in Ward No.
14, Taudaha in Ward No. 15 (please see also annex) and the riverbank of the Bagmati River. The
Conservation zones Dudh Pokhari and Shim as well as the Zone around Manjushree Cave may
be developed as recreation zones. For these zones a Local Area Environment Conservation Plan
may be prepared. (Municipality, 2008)

Following are the Land Use and Land Cover maps in the year 1992 and 1998 and Land Use and
Land Cover Change map.

Figure 2: Land Use & Land cover Map 1992 (Source: GIS for Municipal Planning)

Figure 3: Land Use & Land cover Map 1998 (GIS for Municpal Planning)
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4.2. Future Expansion:

While looking in the google map since 1992, it is found that the Urban growth has been
continuously increasing. The flat and the steep agricultural land has been converted into the
Residences. The low density residential areas has been transformed into the middle density
residential areas and the middle density residential areas has been transformed into the high
density residential areas. The following map in the various years are shown below:

Figure 4: Google map, 2005

Figure 5: Google map of Kirtipur, 2015
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From the Maps above, it is clear that there is a continuous Urban growth and the vegetative land
areas have been converted into the Built form. So, the projected future expansion can be shown

from the following map:

Figure 6: Possible future Urban Expansion



SUSTAINABILITY ASPECTS OF KIRTIPUR & URBAN STRIP 12

6. Socio- culture Sustainability:

According to the journal “Urban Social Sustainability Contributing Factors in Kuala Lumpur
Streets” published on the Asian Conference on Environment- Behaviour Studies, Tehran , India,
there are nine factors determining the social sustainability. They are shown in the diagram.

Figure 7: Significant factors affecting social sustainability of Urban places

6.1.Jatra’s of Kirtipur:
Kirtipur is rich in culture and traditions. As it is dominated by newars , their main festivals are
jatras like Bagh Bhairab jatra, Indrajatra, Ganesh jatra, Krishnajatra and many other jatras.

6.1.1. Bagh Bhairab jatra:

Baghbhairab Jatra, a festival of Kirtipur locals who worship their most revered god Baghbhairab
during the festival, the festival is marked on the occasion of Singha Sakranti (Bhadra 1). Local
residents worship the god and make round of the Kirtipur area by organising a palanquin
procession and playing different musical instruments.

Myth has that one is blessed with success and good health if he/she makes round of the
Baghbhairab for 108 times on this day, according to a member of the festival management
committee Birendra Shakya.

Figure 8:Baghbhairab temple



SUSTAINABILITY ASPECTS OF KIRTIPUR & URBAN STRIP 13

6.1.2. Gai jatra:

The festival of "Gal Jatra’, the procession of cows, is generally celebrated in the Nepalese month
of Bhadra (August-September). The festival of cows is one of the most popular festivals of
Nepal. The whole complex of Gai Jatra festival has its roots in the ancient age when people
feared and worshipped Yamaraj,"the god of death”. However, the ironical sessions synonymous
with the Gai Jatra festival came into tradition in the medieval period of Nepal during the reign of
Malla Kings. Hence, the present form of Gai Jatra is a happy blending of antiquity and
medievalism.

According to the traditions since times immemorial, every family who has lost one relative
during the past year must participate in a procession through the streets of Kathmandu leading a
cow. If a cow is unavailable then a young boy dressed as a cow is considered a fair substitute. In
Hinduism, a cow is regarded as the most venerated among all the domestic animals. It is believed
that the cow, revered as a holy animal by Hindus, will help the deceased relative's journey to
heaven.

Figure 9: Gaijatra Figure 10: Sapras of Gaijatra

In terms of historical evidences, once when King Pratap Malla lost his son, his wife, the queen
remained dumbstruck. The king was very sad to see the condition of his beloved queen. The
king, in spite of his several efforts, could not lessen the grief of his wife. By all means he wanted
to see little smile on the lips of his sweetheart. He announced that someone who ever made the
gueen laugh would be rewarded adequately. (Kirtipur-nepal.blogspot.com, 2016)
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7. Sustainability in transportation:

Transportation is also a subject of equal importance in contributing to the sustainable
development. Transportation sector is significantly contributing towards the energy consumption
and GHG emissions. Transportation accounts for about 19% of global energy use and 23% of
energy related CO2 emissions and these shares is obviously to rise in the near future i.e. 50% by
2030 and more than 80% by 2050. (IEA, 2009) . So to minimize this frightening energy
consumption and GHG emissions by transportation sector in future, it is must to think seriously
from today. The transportation sector worldwide is heavily dependent on the fossils fuel thereby
dominantly contributing on the GHG emissions. So the first step to be taken to reduce the energy
consumption and GHG emissions through the transportation would be to shift towards the
transportation system using the clean energy.

Sustainability in highways should be addressed with the understanding that highways are one
part of transportation infrastructure, and transportation is one aspect of meeting human needs. In
addition to addressing environmental and natural resource needs, the development of a
sustainable highway should focus on access (not just mobility), moving people and goods (not
just vehicles), and providing people with transportation choices, such as safe and comfortable
routes for walking, cycling, and transit.

Sustainable transportation may be described or defined in many ways that broadly address
environmental, social and economic impacts, safety, affordability, and accessibility of
transportation services. Transportation agencies address sustainability through a wide range of
initiatives, such as1TS, Livability, Smart Growth, Complete Streets, recycling,Planning and
Environment Linkages, Everyday Countsand addressing requirements of the National
Environmental Policy Act (NEPA).

Transportation planning processes that incorporate these values and integrate the elements of
sustainability should be the foundation from which to implement sustainability decisions as a
project moves forward. Measures of project success include a wide range of indicators, such as
travel performance, gains achieved through material selection, and construction methods.
(Transportation)

Figure 11: Sustainable Road with Physical Separation
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For aroad rating system to work effectively, the grading categories will have to be well defined,
understandable to the public, and be irrefutably beneficial in terms of sustainability. Martina
Soderfund, whose thesis paper sparked the Greenroads project, suggests six categories for a
proposed rating system:

7.1. Sustainable Alignment

For most roads, cost of construction is the highest priority determinate of path. However,
including this category in the consideration of sustainability ratings would add additional points
for roads that avoided certain habitat types, such as wetlands, forests, farmlands, or other
ecologically sensitive areas.

7.2.Materials and Resources

Asphalt, gravel, and tar have a high environmental footprint due to extraction, transportation, and
use. The materials and resources category would reward projects that made efforts to reduce
these impacts.

7.3.Stormwater Management

Seldom recognized by the general public, the continually increasing percentage of impervious
land cover has negative implications for stormwater runoff and management. Promoting
stormwater quality and quantity control through this category increases awareness of road impact
and encourages the use of pervious surfaces.

7.4.Energy and Environmental Control

This category addresses some of the more subtle and inherent effects of typical roadway design.
It evaluates the quality of design, while considering effects on light pollution, the heat island
effect, quieter pavements, eco-viaducts (wildlife and fauna crossings), visual quality, and
pedestrian/bicyclist access.

7.5.Construction Activities

The temporary activities of the roadway construction are a major source of pollution, waste,
energy use, and health issues. Mgjor concerns of this section can be categorized as: site
disturbance, waste materials generation, noise pollution, emissions & energy usage, and the
health of workers.

7.6.Innovation and Design

The credit definition of the last section is awarded for additional performance above the
requirements set in the previous sections. Consider it extra credit or bonus points for exceptional
performance in a particular category.

Regardless of how high of a priority sustainability is becoming, we will be using roads for years
to come. Instead of throwing up our hands in defeat at the environmental impact they produce,
forward thinkers encourage attempts to mitigate impacts. Although arating system would be
flawed, just as LEED is, any attempt to improve road sustainability would be better than nothing.
(McClendon, 2012)
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8. Solid Waste Management

Globally people deal with global warming, changing climate and many environmental issues.
The lifestyles of people are changing with the cities urbanizing and the rise in the people’s
economic level. With the change in the lifestyle comes the change in composition and quantity of
wastes as well. More areas of cities are viable for urbanization and that invites many
environmental issues and health hazards as it increases the amount of Solid Wastes which are not
managed properly in the context of developing countries like Nepal. Waste includes all items
that people or companies no longer have any use for, which they either intend to get rid of or
have already discarded. Many items can be considered as waste, for instance household rubbish,
sewage sludge, wastes from manufacturing activities, packaging items, discarded cars, garden
waste, etc. Thus all our daily activities can give rise to a large variety of different wastes arising
from different sources. However, waste can also be a resource if it is put in the right place and
the waste management can be done in a sustainable manner if dealt with it properly.

But if the comparison is made between the urbanized area and traditional area of Kathmandu
Valley, it will be lucid that traditional settlements are more sustainable from all perspective
including solid waste management perspective. In our research area, urbanized area was taken to
be Baafal and the traditional area was taken to be Kirtipur area. Many points were analyzed to
see what makes the traditional area more sustainable than the urbanized one. Variants such as
lifestyles of people, their economic background, traditional practices and jobs etc were seen to be
affecting sustainability aspect from SWM perspective.

One of the reasons that Kirtipur is seen to be more sustainable is because of their lifestyles.
Almost all the people have kitchen garden in the back
of their house. They grow vegetables on their own and
the compost prepared is used as a fertilizer in the
garden. More than 2/3° of the Municipal Waste
comprise of organic matter which are decomposable.
The people have the practice of collecting these
biodegradable wastes into a bucket and then
composting it which then later is used as a soil
fertilizer in the kitchen garden. Furthermore, the

people in traditional settlement are mostly involved in  rigure 12: Organic waste collected in the courtyard
agriculture and thus the compost prepared is used as
fertilizer in the agriculture as well.

Composting is an aerobic process where micro-

organisms decompose organic materials under

controlled conditions. Composting can be done by

individual households or at a centralized compost site.

In Kirtipur, mostly individual composting practices

were seen to be adopted. The residual product is

pathogen free and it is used for improving soil Figure 13: Use of compost in Kitchen Garden
structure and nutrients. Compost is also used to

improve the water holding capacity of soil in arid regions. Poor management of the composting
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process can however, generate a bad smell and even spread vector-borne diseases but no such
issues were noticed in Kirtipur. The reason might be because they had garden in the back of their
house where people generally do not reside. Hence, there was no such problem of bad odor as
such in that area. The method of composting is a very famous and appealing approach to waste
management in Kirtipur as it is technically uncomplicated and is cost effective as well. They do
not have to pay to the municipality for the waste collection on monthly basis.

On the contrary, the urbanized area, which is taken to be
Baafal was seen littered by non-biodegradable wastes,
mostly with plastics all over. Waste composition is
influenced by external factors, such as geographical
location, the population’s standard of living, energy
source, and lifestyles. The lifestyles of people of Baafal
are different with the production of more non-
biodegradable wastes then the biodegradable wastes. The
guantity of plastics in the municipal wastes is high. The
Municipal wastes were seen to be dumped in the areas
adjacent to the buildings which are not a sustainable
practice. These kinds of practices invite many health
hazards to people and also degrade and pollute the
environment. There are high chances of spreading vector
borne diseases which is a threat to the health of the
occupants residing in that community.

The collection of Municipal Waste were seen to be done
by three wheelers (rikshaw) but that was inadequate as the
dumping of the wastes were seen done on the open spaces
inside the community area. Thus, the Collection facilities
in Baafal are inadequate and inefficient where open
dumping was seen to be predominant. Final disposal in
most of the economically developing countries is usually a
matter of transporting the collected waste to the nearest
available open space and discharging them and so was
with the case of Baafal where the solid wastes were
discharged into the Manamati river nearby thereby
polluting theriver.

Figure 14: Municipal Waste Collection

Figure 15: Dumping of Waste in open land

Figure 16: Dumping of Waste in Manamati
river

17
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9. Sustainable Housing and Buildings

The efficient planning of certain place can contribute to less requirement of energy consumption,
ensures thermal comfort and make the buildings cost effective in terms of operational and
maintenance cost. The orientation, use of materials, internal planning of the buildings, ratio
of open space to the built space and the height of the buildings play a vital role in
determining whether the building is sustainable or not. The use of locally available materials, the
use of materials which requires less energy and the selection of materials used in the buildings
which has minimal adverse effect on the environment are the dimensions which can be adopted
to produce a building which is sustainable. The material used should be wisely used, not only to
ensure the minimal negative effect on environment but also to ensure the thermal comfort of the
occupants residing in the buildings and minimizing the functional cost of the buildings. Thus,
when the housing and buildings are to be viewed from the sustainability perspective, four
dimensions should be taken into consideration:

i) Ensure comfort of the occupants residing in the buildings,
i) Healthy environment,

iii) Minimum operational and maintenance cost,

iv) Minimum adverse effect to the environment.

On one hand, Baafal is more urbanized area with mostly RCC buildings were seen, while on the
other side, in Kirtipur, mix of traditional as well as RCC buildings were seen. Kirtipur is old
settlement area while Baafal is recently settled and so in the core settlement of Kirtipur mostly
traditional buildings were seen. Variants such as orientation, planning, height of the buildings,
materials used, structure of the buildings, functional use are considered while comparing
between the traditional settlements (Kirtipur) and urban area (Baafal) with the perspective of
sustainability. Parameters under which housing was studied are:

Orientation of the buildings:

Structure of the buildings:

Materials:

Height of the buildings:

Functional use of the buildings / Internal planning of the buildings:
Planning:

Thermal comfort:

9.1. Orientation of the buildings:

In Kirtipur, traditional houses were seen oriented towards an open space called Devpukha in
front of temple Bag Bhairav. Traditional houses were also seen along the lane perpendicular to
the main axis of Bag Bhairav temple. The buildings in the core settlements are oriented in such a
way that there is ample amount of sunlight enters the buildings. There are practices of drying
vegetables and making pickles which is an integral part of the lifestyle of the people of Kirtipur,
and receiving of sunlight in the terrace allows these cultural practicesto be still in use.
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In the contrast, in Baafal, the situation was different than that of Kirtipur. There is no systematic
planning of the area and the buildings seem to pop up in a haphazard manner. The area was
plotted and sold to individuals. The primary, secondary and tertiary roads get branched from the
main ring road in an unsystematic manner giving rise to haphazard planning and thus there is no
rigid orientation of the buildings. The buildings are mostly oriented towards the roads. The
buildings which are oriented towards south east are liale for perceiving sunlight but the buildings
which has the entrance from the north side do not get sunlight in proper way.

9.2. Structure of the buildings:

In the core area of Kirtipur, traditional houses were seen to be predominant. While, RCC
buildings were also seen to be constructed on the outer periphery of the core settlement. The new
houses which were seen to be constructed in the site were also RCC structure buildings. Most of
the buildings destructed during the 25" April’s earthquake in Kathmandu were traditional
buildings. This scenario has impacted the psychology of the people in very negative way. This
was reflected in the site as the new construction of the buildings were more RCC buildings. In
case of Baafal, the situation was different than that of Kirtipur. This area is recently settled area
and there is dominance of RCC structured buildings all over. Traditional houses were hardly
witnessed.

The newer construction of RCC buildings is not sustainable. Despite this fact, people are inclined
towards the use of RCC buildings as they perceive RCC buildings to be safer and strong. But,
from the sustainability point of view, the traditional houses are nuch more sustainable.

9.3. Materials:

In Kirtipur, the building of traditional houses is made up of mud mortar, bricks and timber which
are sustainable from the view of reusing them. In the traditional buildings, the inner wall was
made of sundried bricks which has the possibility to decompose faster and also were cheaper.
Traditional buildings used timber materials in the construction rather the aggregates and cement
which RCC buildings uses. In Baafal, mostly every building was RCC buildings. The bricks used
were kilned burned bricks, cement, steel and aggregates which are not sustainable materials. The
production of cement and steel produces many harmful and toxic gases which degrade the
environment. Also, the re-use of these materials are not possible. The mortar used in RCC
buildings is cement. If destruction of buildings is witnessed as in the case of natural disasters,
then the re-use of these bricks is not possible.

Thus, while comparing the materials of traditional (in Kirtipur) versus RCC buildings (in
Baafal), materials of traditional buildings were seen to be much more sustainable from the re-use
as well as cost-effective point of view.

9.4. Height of the buildings:

In Kirtipur, mostly the 3 to 4 storey of the buildings was witnessed in case of traditional
buildings. The floor height of the traditional building was 7 feet in average. Thus, the maximum
height of the building was 21 feet whereas in case of Baafal, multi-storey buildings were seen in
the commercial area and the gradua reduction was seen towards residential area. also,
apartments also existed in Baafal which was in the construction phase. The floor height of the
RCC buildings was 9 feet in general. The houses were minimum 3 — 4 storey thus making the
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total height of the building to 27 feet. the houses were planned along side of the road and
because of more height of buildings, the shadow casted in the adjacent area was much more as
compared to that of traditional ones.

Thus, height of the traditional houses in Kirtipur was less than that of RCC buildings in Baafal.
The height of the building plays a vital role in light and shade which impacts the overall
environment of the living space which is one the dimension of the sustainability. Hence,
traditional houses of Kirtipur were seen more sustainable rather than that of Baafal.

9.5. Functional use of the buildings / Internal planning of the buildings:

Most of the traditional houses of Kirtipur were seen to be used only for the residential purpose.
Though, few houses were seen to be mixed use. The upper floors were used for residing of
occupants whereas in the ground floor, there were shops used by the occupants of the same
house. So, the local economy was done in few houses which is also another dimension of
sustainability. The transportation cost can be reduced and thus contribute to the clean
environment by not having air pollution. The houses of Baafal were divided into three
categories: commercial use, mixed use and residential use. One individual building catered for
multi functioning such as parlour, restaurants, stationary shops etc. the multi use of the buildings
is thus sustainable.

When the function use of the buildings is taken into the consideration, Baafal area was seen to be
more sustainable with the multi functioning of the buildings and having local economy to be
dominanant.

9.6. Planning:

The planning of Kirtipur as well as Baafal was both compact. The traditional houses of Kirtipur
comprised of courtyard system of planning whereas in Baafal, the RCC buildings were
constructed more in the form of row housing. The open courtyards in the buildings of Kirtipur
were used for kitchen gardening as well as performing some cultural activities. While, in the
Baafal area, the row housing was dominant. The built up area in the plot was seen to be very
high with no allocation of open and green space for water recharging.

Thus, if the planning is to be considered, planning of traditional hosues in Kirtipur comprised of
many courtyards which were left open and green so that the water recharging system could
operate whereas in Baafal, the scarcity of open and green space was witnessed which prevents
the water recharging system and hence, traditional houses of Kirtipur is more sustainable from
planning aspect as well.

9.7. Thermal comfort:

The thermal comfort of the traditional building is also high. Thermal comfort is maintained by
the building itself, thus, the active system of heating and cooling the buildings is not required and
hence, this reduces the operational and maintenance cost of the buildings. Amongst all the people
interviewed from the traditional houses, they said that the thermal comfort of traditional building
is very high and the use of active ways of heating and cooling the buildings is very minimal
which is in turn cost-effective as well. In the Kirtipur, the core area consists of traditional houses
which cater to the thermal comfort to high level. On the other hand, in Baafal, the RCC buildings
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are dominant. The use of fan and heater was common in the buildings which added up to the
operating cost of the buildings.

Thus, from the perspective of thermal comfort of residents, Kirtipur was seen to be more
sustainable than Baafal which also adds up to economic sustainability as well as the use of room
heating and cooling appliances not used.
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10. Water Management:

Water management is an integral part of sustainable community. Water is a form of life as it is
one of the five elements of life. Consumption of water ranges from individual uses to community
utility. From drinking to cleaning, water is required. For vegetations in the field water is needed.
Also the water plays an important role for the aesthetic and architecture. From cultural or
religious perspective, water is the symbol of sacredness and is considered holiest of all. The
vessel full of water, the well, the fountains, the ponds, the streams all are to be revered. And
hence the accessing the water is considered to be very praiseworthy.

Kirtipur is one of the traditional rich urban settlements. It is planned not only to provide shelter
for human but also to provide access to land, good innovative architecture and engineering,
proper infrastructure and many more. Situated at the hilltop, the supply of water from the down
river is difficult. Hence a wise water management had been done by utilizing the rainwater,
spring water and underground water in the past. The presence of Jharu, well, hitis and puknus
enhance the urban fabric of KirTipur. Watercycle was well understood and planned accordingly.
There were pukhus at the center and the peripheral zone for collecting the runoff stormwater.
The hitis were made near the forest areas to utilize springs. The dug well were also there to cater
the daily lives of people.

10.1. Sources of water:

In Kirtipur, various types of sources of water are used. Wide range of sources is used including
underground water and rainwater. However, all those water are not potable. Some can be used
for drinking purpose whereas some for cleaning and irrigation. The planning that used to cater
the people during Malla period has failed to address the present demands. People stay at home
more than in the community. The interactions among people are far lesser than it used to be.
Water sources and supply method has been changed accordingly.

Kirtipur is compared with the urban strip that covers Nagarjuna Municpality on the west and
Kathmandu Metropolitancity on the east. The urban strip is extension of new settlement. There is
urban sprawl because of lack of proper planning. Hence the planning and present states of water
resources are also different.

10.1.1. Traditional water supply:

Traditional water supply can be observed clearly in Kirtipur than at the urban strip. Some of the
ubiquitous elements of traditional water sources are jharu, dug wells, hitis and many more.
Traditional water supply system has given significant emphasis on the sustainability of the
system and has taken measures to ensure that the natural water cycle was maintained. On the
contrary, urban strip possesses some wells only in the name of traditional water resources. Even
the well has not been used properly and the state of the well is also not satisfactory as the area
around the well has been encroached.

10.1.1.1. Jharu

Jharu is one of the stone spout. This is a small stone water tank that used to provide drinkable
water to passerby. There are five jharu at Kirtipur (Singh, 2015). Two Jharus can be located at the
entry and inside Bagh Bhairab. One that is at the entry is attached with multiple patis whereas
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another oneis placed in order to quench the thirst of the traveler who had walked all uphill. Both
of them are not in use. The detail is shown in figure.

Fi 17: Jh at th t ; . e ; .
Blf?aLtjirer au e enry of Bagh Figure 18: Jharu inside Bagh Bhairab EEWZb 19: Steep steps to Bagh
air

Jharu contains the wall support to hold the tank above. Then the water trough comes as we
observe upper part, which is single stone to cover the water tank from the front. The funnel like
arrangement at the back of the tank can be seen to replenish the trough. Stoppers ate provided on
the reservoir to control the water flow. Spigot is the part from where water outflows from the
tank. Generally, Jharu are under the guthi endowment. And thery are cleaned on 1% Baisakh by
guthi to perform ritual praying the water god and renovate it (M aharjan, 2006).

10.1.1.2. Wells:

Wells are very common source of water for domestic purpose in

Kirtipur. They are generally circular in shape with an approx

diameter of 1.5. The walls are built with brick masonry. These well

collect water from shallow aquifer, normally 4 to 6 meters deep.

Based on the water quality and depth of water in the well, some well  £igure 20: well a Bafal
are very popular while others are used for secondary purposes like

washing and cleaning. There are nine spring wells at present in a

Kiritpur (Singh, 2015).

The wells are also present at the urban strip. The surrounding areas
of well are encroached for residential purpose. The surrounding
premises of well is not cleaned and used. The water level is very
deep in the Bafaal in comparison to Syuchatar side because of
abundant agricultural land and open spaces at the Syuchatar side.

Figure 21: Well at Kirtipur

10.1.1.3. Hitis

Stone spouts or Hitis are also major water sources of traditional Kirtipur. They were constructed
in alarge pit on ground so that the sub-surface flow of water can be spouted out for convenient
collection. Their sources can be local aquifer or transmitted to the spot through natural sub
surface flow or through man-mande channels. Hitis are observed at the periphery of Kirtipur near
the ancient Dhwakhas. Water from the rajkulo or springs was used to supply water to the Hitis.
In case of kirtipur, the hitis are placed near the forest reserves as springs are abundant there. But
depletion of forest has dried the hitis.
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10.1.14. Spring:

Dense vegetation is still present at the rear side of Bagh Bhairab. The trees have been a major
means of the ground water recharge. There are many water springs coming out naturally. This
water is used for washing clothes and bathing. The springs had been also a good source in time
of irregular municipal water supply.

10.1.1.5. Ponds:

Ponds are seen at the core center and the periphery of the Kirtipur. These are generally made to
collect and store the run- off stormwater during rainy season. People used to perform their daily
activities like washing clothes, bathing, cleaning household utensils at the pond. Some ponds
have even cultural significance. For e.g: Dev Pukhu. It is situated at the Bagh Bhairab vicinity.
During the evening of Gaijatra, the pond is used to compete among the lakheys and award the
parts of Buffalo.

10.1.2. Modern water supply

Two main sources of water are the springs at Dudh Pokhari and Sim Jhowahiti, which provide
drinking water through a centralized piped water supply system with a capacity of 2200m3 per
day for Dudh Pokhari and 1000m3 per day for Sim Jhowahiti. An additional source at Lwangkot,
which lies outside the municipal boundary in Machhengaun VDC, has a capacity of 1200 m3 per
day and serves the old core area of the municipality. According to NSET, the water consumption
for domestic purpose in Kiritpur is 30-35 litres per capita. (Dahal, 2009).

In case of urban strip, water supply is different in planned and unplanned areas. The unplanned
settlements are provided with municipal water supply. But it not abundant for the people residing
there and hence they use of tanker. Most of the houses have in-built or external water tank for
storing the water inside the house. But in the case of planned settlement, water is bored from the
property land through pump. Then it is supplied to the topmost level of the areafor treatment and
purification. Then finally, the water is then supplied to every household at down contour level
following the gravity.

Figure 22: Water supply in Kohinoor Housing

10.1.2.1. Private tap:
Today all the houses which has been registered in the municipality has the private tap inside the
house. The private tap is placed at the ground floor and is supplied from the municipal water
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pipelines. The water from private tap is then transferred to the kitchen at the top floor either
through the water pump or manually with the help of buckets and gha. Private taps have made
the life easier as the time and effort for fetching the water has been decreased. As aresult, certain
amount has to be paid monthly as per the bill in the branch office of Nepal Water Supply
Corporation of both Kirtipur and Urban Strip. In case of Kirtipur, the water supplied is not ample
and the inhabitants need supplement water supply. Among survey of 24 households, following
outcome has been observed.

Every house is supplied with municipal water through
private tap.

But only 50% of houses use supplement water supply
The family size, user behavior can be few factors that
affect the requirement of supplement water supply.
Traditional water users are lesser than the tanker users
which convey that the water deficits in some houses are
very large that it cannot be fulfilled by fetching water
manually.

Q QQ Q

Figure 23: Sources of water

10.1.2.2. Public tank:

Kirtipur municipality has provided public tank for the community itself where the water supply
is not enough. Both plastic tank and metallic tank are in use. The water is supplied from the
municipal line and tanker. There is also a treatment of plant of KUKL near the ring road of
Kirtipur.

The overhead tank of KUKL has been observed at the vicinity of Kalanki temple. The area
underneath the over tank is used by the inhabitants for social junction where newspaper are read,
informal talks are made. There are some street vendors of Panipuri and chatpat. It is certain that
the tank doesn’t fulfill the growing demand of water in the urban area and hence the water tanker
are used.

Figure 26: Tanker from Matatirtha to
Kalanki

Figure 24: Watertank at Bagh

Figure 25: Watertank at Kalanki
bhairab g

temple

10.1.2.3. Tanker

Tankers are vehicles that transport the water from the source to the individual houses for the
commercial purpose. Generally water is transported from Matatirtha. The minimum amount of
water to order is 10,000 I.



SUSTAINABILITY ASPECTS OF KIRTIPUR & URBAN STRIP 26

The use of tanker is more in urban strip. Kalanki area is a mixed type of community. There are
residences, shops and is a major urban transit. Hence the population pressure is much more,
which raise the demand of water. The residents are supplied with tanker water because of their
affordability and no other alternate supply.

10.2. Water Conservation Techniques:

Water conservation is an important of environment, economic and social sustainability. Water
conservation here means utilization of water wisely. The optimal benefits should be taken from
the current available water. Some of the techniques are rainwater harvesting, utilization of grey
water, feeding back kitchen garden and ponds. Water conservation prevents the exploitation of
the surface water sources and helps maintain the natural water cycle of ecosystem. The optimal
utilization of water sources decreases the dependency on alternate commercial water supply
(tanker). The social sustainability can be attained through the interaction among the community
members while cleaning the pond and other cultural activities.

10.2.1.Rainwater harvesting:

Use of rainwater has been a good water conservation technique as the water supply doesn’t meet
the demand. And also in an average home 45% of domestic water use does not need mains at all
(Bassi, 2011). Examples: drinkable water is not necessary for flushing the toilets or kitchen
garden. The survey of 24 houses of Kirtipur shows:

Figure 27: User of rainwater Figure 28: user of rainwater (Supplement water)

@ Since rainwater user is less than non rainwater user, the reason could be ignorance about
rainwater harvesting. Also, the most of the houses are traditional with sloppy roof and
the overhangs are projected outward such that the rainwater goes to the courtyard or the
streetside open drainage.

@ The houses using municipal and municipal + tanker as main source of water don’t use
rainwater as the supplement source of water than those users that uses. This may be
because of the family size or the high income generating families (who can afford tanker
water) respectively. Also, these houses utilize the optimal amount of drinkable water
and greywater.

@ Utilization of rainwater is one of the behaviors that have been developed after the
scarcity of water.
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10.2.2.Use of Greywater:

@ There is 50-50 ratio of houses that uses greywater for various uses. Some uses for toilet
flushing where some for gardening and some for both.

@ From left graph, the houses using more than one source of water use greywater than those
houses which use one only one source of water.

@ As the water demand increases, the requirement of alternate source also increases. And
people start using the water wisely. Utilization of greywater can be one of them.

Figure 30: relation between main and supplement (greywater)
Figure 29: Use of greywater

10.2.3.Storage of Stormwater runoff and recharging the ground water:

Figure 31: Typical section of Dev Pukhu

The storage of run-off stormwater in the pond is an integral part of traditional planning. It also
helps in recharge the shallow aquifers. There are other open spaces which contribute in
recharging the ground water. For e.g.: the backyard gardens, courtyard. Through the open joints
of the paved courtyard and streets shows the seepage of rainwater into the ground. The backyard
garden is devoid of any built surface which helps in recharging ground water. Ware has been
managed very well in Kirtipur since the early times taking care to maintain the water balance by
recharging the aquifer and by cultural practices that focused on maintaining clean water supply.
Also ponds, wells, lakes and rivers as well as the concept of recharging shallow aquifers formed
an intergral part of awater supply system in the traditional Kiritpur.
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Figure 32: Traditional water supply system in Ktm valley (source: (Singh, 2015)

10.3. Disposal of water:

There is no separation of wastewater and blackwater. The disposal water is sent to supplying the
city drainage. The waste water from courtyards and streets passes through open drainage and
then ultimately to the city line.

10.4. Recommendations:
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11. Renewable Energy

Energy has aways been a chief issue and a vital concern in city planning. Its an obvious fact
since its a chief determinant of socio-economic activities in society. Efficient energy use from
sustainable sources is a discernible fact that people has to incorporate for the overall
development. Developing energy efficiency solutions in order to conduct knowledge-driven
sustainable social development and operation has been a prime need.

The demand of energy in our study areas is mainly fulfilled by NEA supply. Different electric
appliances are used for cooking, heating/cooling, lightning, cleaning and other purposes. But
their efficiency and respective loads is not quite considered. In traditional houses in Kirtipur use
of solar thermal is very less. Comparitively solar PV is more in use but the capacity is very low,
i.e only of 10 to 50 watt. This may be due to high installation cost and unavailability of space.
Promoting solar energy in these areas can highly minimize the energy crisis.

LPG is the main fuel for cooking in these areas which is used in ailmost all household. Due to the
unreliable and irregular supply of LPG people keep extra cylinders which is the waste of capital.
It has also increased the use of electric cooking appliances such as rice cooker, heater, induction
cooker etc. Biomass is also used as the main fuel for cooking in the traditional houses having
mud stoves. They mainly use firewood and agricultural residues. There is need of replacing mud
stoves with improved cooking stoves for enhancing energy efficiency.
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In urban area of our study i.e, Bafal, solar thermal water heater is widely used. Also solar
photovoltaic panel is used in many buildings. Here also NEA is the main energy supplier. There
is extensive use of electric appliances. LPG is the main fuel for cooking while the use of biomass
fuel is very less.

11.1. Energy for thermal comfort

Buildings consume a lot of energy all around the world and are responsible for high
environmental pollution. Buildings represent 32% of total final energy consumption (IEA, 2016).
Magjor portion of building energy is spend on maintaining thermal comfort. Therefore proper
consideration is required while providing thermal envelope. A thermal envelope is everything
about the house that serves to shield the living space from the outdoors. It includes the wall and
roof assemblies, insulation, air/vapor retarders, windows etc. While design costs, options, and
styles vary, most energy-efficient homes have some basic elements in common: a well
constructed and tightly sealed thermal envelope; controlled ventilation; properly sized, high-
efficiency heating and cooling systems; and energy-efficient doors, windows, and appliances.

The traditional houses in kirtipur provide good thermal comfort to the people. These building has
less floor area, smaller rooms, thick load bearing walls(450-600mm), 3-4 storeys, smaller floor
height(about 6-8ft). The exterior exposed layer of the wall is of brunt bricks to resists weather
effects while the inner wall is of sun dried bricks. Ground floor is used as utility room and
storage, middle floor as bedroom and living room whereas the top floor is mstly used as kitchen,
dinning, puja rooms. These features are scientific and wise adaptive way to provide thermal
comfort to the occupants. As (Bajracharya, 2014), Compare to modern residential buildings, the
traditional buildings are 1 to 2°C warmer in winter and 1 to 2°C cooler in summer. This may be
the chief reason for less use of energy for maintaining thermal comfort in traditional houses in
Kirtipur.

But in case of urban settlement in Bafal, energy consumption for maintaining thermal comfort is
high. Some of the houses use AC whereas gppliances such as fan, room heater are highly used in
most of houses. This may be due to poor thermal quality of a building envelope: walls,
insulation, windows.

Figure 33: Traditional house, Kirtipur Figure 34: Modern house, Bafal
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12. Enhancing sustainability through seismic resistant structures:

Nepal is located in highly earthquake prone zone. The devastating earthquake hit on 25™ April
2015 simply proves the former statement. Entire Nepal where most of the land is covered by the
Himalayan Mountains falls under the highly seismic zones. Because the Himalayan mountain
range was formed by the collision of the Asian and Indian plates that started about 50 million
years ago. Nepal being in a highly earthquake risk area, the concept of sustainable development
cannot go ahead without incorporating the seismic resistant structures. The recently faced
destructive Gorkha earthquake has taken no of lives, leaving much of the people homeless.
Peoples, who luckily managed to survive in earthquake, lost their lives during the winter by cold
due to the lack of proper management by the government. So if is really to gain the sustainable
social development, it is must to get prepared for the natural disasters to come.

During our field visit to Kirtipur, we tried to observe the effects of Gorkha earthquake in a small
locality of Bhagvairab tole. Traditional settlements are considered more vulnerable to the
earthquake. But during our visit to that traditional settlement of kirtipur, the damage due to
earthquake was not as that as we imagined.We could find there ample no of traditional buildings
which remained intact during the earthquake. And the reasons, the structures remained intact
during that devastating earthquake were not other than they had simply followed the basic
assumptions of the structural safety. Some of the earthquake resistant measures found in
traditional buildings are;

12.1. Symmetry:

For earthquake resistant design, it is important that center of mass and center of rigidity of
building is nearly coincident (center of rigidity is defined as geometric center of stiffness of
various elements of building). However this torsion problem is well taken care of in many
traditional houses by having same size of opening in opposite wall that is the openings have been
symmetrically arranged around the centerline of the structure, thus making the rigidity of
opposite walls the same. This causes no excessive torsion because the center of mass and center
of rigidity coincides in traditional building.

12.2. Double framing of Openings:

Great care has been taken in design of openings are the critical section of awall panel during
earthquake. Traditional houses have two complete frames of timber (tied to each other) around
the openings to strengthen it against lateral force. Also location of openings has been carefully
controlled keeping all windows at least 3 feet away from corners so as not to weaken them.

12.3. Monolithic character of the structure using horizontal ring beam:

Emphasis has been given for monolithic character of structure so that earthquake force is resisted
by the building as complete unit rather than by individual parts. Horizontal ring beams have been
used in the walls at every floor to tie the whole structure, and also to distribute the load
uniformly to all parts of the building. For example, when the earthquake force is operating in the
direction parallel to central wall. The center wall also with two exterior walls acts as shear wall
and take up the earthquake force. The ring beam on top of these walls will distribute the stresses
uniformly to the whole building. When the earthquake force is acting in the direction
perpendicular to the central wall, the timber joists at every floor will transfer the load to the
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central wall and two other external walls. The ring beams on all the walls have got another
function also to support individual floor joist in case of local failure of the bearing walls.
Without the ring beams, if there is a collapse of a part of the wall, the chances of collapsing of
the floor joist resting over the wall at the same time is also high.

12.4. Roof held tightly to the Wall:

Generally during strong earthquakes, sloping roof tend to slide off the wall thus shearing the
wall element also in the process. However in many traditional Newari houses, roof is held tightly
to wall be extensive use of wedges and tie members.

12.5. Use of "Chokus" or Wedges:

Oneremarkable feature of the traditional houses of Kathmandu is the system of "Chokus"- that is
the timber wedges used to secure various joists in timber member. Generally, floor joists are held
tightly to wall by putting wedges on both sides of the wall rather than inserting inside it. This
way, the joint becomes a pinned joint rather than arigid joint, because if one blows up the joint
between wedges and wall there will still be a tolerance between the wall and wedge. Due to this
gap between wedge and wall, load transfer from one wall to another will not be complete until
the floor joists moves through this tolerance (or gap) during earthquake. In this process of
moving the floor joist by the tolerance distance, some energy will be absorbed by the floor joist
which is equal to the work done in moving the joist- that is seismic force x tolerance distance.
Thus this mechanism of wedges serves a dual purpose of providing structural integrity between
floor joists and wall, and at the same time absorbing some portion of earthquake energy thus
reducing the earthquake effect on the building. The jointing systems in wooden wedges have
certain advantages over that with nut and bolts. They are 1. The wooden wedges do not rust like
nuts and bolts in course of time; 2. Wooden wedges have the same coefficient of expansion as
the wooden joists to which it is fixed, whereas iron bolts have different coefficient of expansion
with respect to wooden joist. Hence during temperature changes, wedges fare better than iron
bolts; 3. Wedges, unlike rigid joints in nuts and bolts are ductile in property, and have slight
flexibility of movement, which is desirable for earthquake resistance.

In this way, some of the traditional houses were seen incorporating the seismic resistant
measures .But the other traditional houses which were not incorporating the seismic resistant
parameters, were more damaged or even collapsed too. So through the observations we simply
can say that the traditional buildings can also be made seismic resistant through incorporating the
above mentioned parameters. Common people basically understands that only the frame
structured buildings are earthquake resistant , but unlike of that , the traditional buildings using
the locally available material can also be made earthquake resistant through various parameters
being considered. So it seems must to develop seismic resistant structures(if possible ,with the
use of locally available materials) in order to promote the sustainable development.

13. Conclusions:

This study was focused in analyzing the various factors contributing to sustainability, in the
traditional settlement of Kirtipur. Our objectives were mainly to observe the sustainability
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parameters within the traditional settlement of kirtipur.This report, to some extent also covers the
sustainability study of the Bafal area which is the urban settlement.So this report, not in a depth,
but in a surface, tries to compare the urban and traditional settlement within the various
sustainability parameters. This report is actually based on the one day field visit to the kirtipur.
During the field visit, the data were collected mainly based on the observations using various
maps, photographs etc and very few (only 24 sets) of datas were collected through household
survey. With these few sets of datas, however we cannot generalize the results to whole Kirtipur
but this study can be more reliable to the core settlement of the Bagbhairav area.

The land use map shown in early chapters clearly depicts that the low density areas are emerging
at an alarming rate towards the highly dense areas thereby significantly reducing the agricultural
and the forest areas.The Google earth map of the year 2015 and 2005 distinctly shows the
changing landuse pattern thereby not giving continuity to the traditional sustainability
parameters. The traditional buildings were observed to be using locally available materials
thereby contributing to the thermal comfort and reducing the active energy consumption. But the
new constructions were seen using more unsustainable building material thereby increasing the
energy consumption and GHG emissions. The road networks within the traditional settlement
were found amazing in a sense that, most of the road loops consists of temples, open spaces etc
after walking through certain distance,thereby promoting the walk able city and the open spaces
significantly contributing during the time of disasters. The scenario of solid waste management is
seen quite satisfactory, as about 60% of peoples surveyed answered that they are practicing
separating the biodegradable and non biodegradable waste. However the use of saga is almost
nill thereby incorporating the unsustainable means.The closed loops in managing the solid waste
are now changed to open loops thereby creating really a problem in wastemanagement.Most of
the ground water resources especially wells were found to be dried thereby indicating low
groundwater recharge system. The use of solar energy is significantly low (only 16% uses solar
thermal and 35 % uses solar pv ), thereby indicating that the settlement is heavily dependent on
either the traditional solid biomass or the fossils fuels. However the street lights were observed
using solar energy thereby meeting the energy demand through renewable energy technology.
The effect of earthquake in the traditional settlement was not found to be such devastating which
used to be imagined. And this shows that the earthquake resistant structures can still be made
with the use of locally available materials and local skills thereby promoting the energy efficient
structures.

14. Recommendations:

During the study of the particular area of Bagbhairav tole in Kirtipur, there exists some of the
unsustainable practice regarding various parameters. There seems to be increasing haphazard
sprawl of human settlement thereby reducing the agricultural and forest areas and increasing the
built up area, and this is not a sustainable behavior , which can create serious problems in near
future. So it is to recommend that if there is to expand the settlement it should better be compact
thereby protecting some agricultural and the forests areas.The use of the locally available
building materials is being reduced and the use of other sophisticated building materials has been
dominant thereby increasing the energy consumption and GHG emissions. So it is to recommend
using the locally available building materials especially in the residential areas thereby reducing
the energy consumption and GHG emissions considerably. In looking at the context of solid
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waste management it is to recommend following the closed loop of managing the solid waste
thereby utilizing the waste in every manner. Most of the wells and ponds were seen dry, in lack
of proper conservation of water and not providing sufficient area for groundwater recharge. So it
is must to leave the area around water resources unpaved, so as to allow the water to infiltrate.
Enhancing the rainwater harvesting could also be the better option in meeting the water
demands. The use of renewable energy is not seemed to be satisfactory in the study area.The use
of solar energy should be made extensive in meeting the increasing electricity demand thereby
enhancing the clean and green energy.The current devastating earthquake has proved that the
how the unsafe structures can take the valuable lives.So it is to strongly recommend to build the
structures by following all the norms and standards thereby leading the society towards the
sustainable development.

14.1. Recommendation on Landuse:

As the year passes by there is an increament in the built forms reducing the size of the
agricultural areas, flat and steep cultivated areas which can be seen in the google maps.
Therefore, it is necessary to look the sustainable aspects and proposals should be made to prevent
from the haphazard urbanization. From the history, most of the people living in this area are
found to be farmer so their main occupation is Agriculture. Hence, the agricultural lands needs to
be proposed for the future as well as development of compact settlement near the main core area
for the easy access of services and facilities.

14.2. Recommendation on Transportation:

As various factors guide the sustainability of transportation such as Sustainable Alignment,
Material and Resources, Storm water management, Energy and Environmental Control,
construction activities, Innovation and Design etc. So, these factors should be taken into
consideration. It is recommended to plant the trees along the road, have separate lanes for the
bicycle, Pedestrians etc for maintaining the road sustainable.

14.3. Recommendation on Socio-cultural Aspect:

Socio- cultural aspect also being one of the important social aspects. These things should be
taken into consideration especially in the streets, Cultural Sites along with the cultural routes
where the different festivals are carried out and the resting areas such as patis etc. It is
recommended to preserve these areas in terms to continuing these aspect for the longer period of
time.

14.4. Recommendation on SWM:
Sundried bricks could be used in internal walls.
Timber could be used with proper maintenance.
Height and width ratio should be properly maintained to incorporate sunlight.
Laws regarding constructing houses should be implemented.
Construction of traditional houses should be emphasized.
Height and width ratio could be properly managed.
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14.5. Recommendation on Housing:
Community composting could be promoted.
End users for composting should be defined for enhancing economy.
Generation of solid waste should be minimum by changing the practice.

14.6. Recommendation on Water Management:
On the basis of the observation and literature review, some recommendations have been made.

14.6.1.Revival of Jharu:

Jharu has been a bird inside the cage. It has its significance both as a water source and an
architectural entity. But now, the value of jharu has been limited only to see than use when the
main objective of jharu was to quench the thirst of the passerby. Watertank and a tap had been
constructed near the jharu for water supply but jharu was not revitalized. If jharu was to be
revitalized then, there would not be any need of the modern public tap. Yes, problems can be
encountered in case of water supply and quality of water. But modern technologies can provide
multiple solutions. The picture best describes the revival of Jharu.

Figure 35: Revival of Jharu

14.6.2.Proper rainwater harvesting:

There should be proper rainwater harvesting system from the buildings. A proper rainwater
collection increases the quality of collected rain water and decreases the dependency on the main
water supply. A proper rainwater harvesting system requires catchment area, the conveyance,
storage and delivery.



SUSTAINABILITY ASPECTS OF KIRTIPUR & URBAN STRIP 36

Figure 36: Rainwater harvesting for dual use

As seen in above picture, the rainwater is harvested both for individual family use and
community use. The slope roof is catchment area for rainwater harvest. The portion which faces
the pond should contribute the water to the pond whereas the rainwater can be harvested for
family use on the other side. For that, the overhangs are to be provided with gutter along the
fascia board and then connected to the own pipe and finally to the storage tank.

14.6.3.Filtration of stormwater:

Ponds are fed with the poor quality stormwater which lacks filtration. As a result, the pond is
filthy and looks more like frog farming. The quality of pond water can be increased through a
natural filter bed. The water is filtered in the natural filter bed before supplying to the pond.

Nhiwe =

Figure 37: location of Filter bed in Dev Pukhu Section of Stormwater filtration

14.6.4.Revitalization of courtyards:

Near the Bagh Bhariab area, there used to be 7 chowks of Amatya clan. Now there are only
vestiges. Out of 7, only 5 have access now. The access to other two courtyards was blocked be
the rubble of houses led by earthquake. The present condition of chowks is not good enough.
Some are abandoned where as some are used for disposing the waste water and solid waste. But
the central chowk has already been revitalized with the help of municipality fund. And another
oneis on the process of revitaliazation. At first the courtyards should be revitalized following the
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traditional principal and materials. Since 50-70% of the rainwater incident could be harvested
from the paved surfaces (Bassi, 2011), the storm water collected from these courtyards can be
used to revive the ponds, to recharge the groundwater. There is also a possibility of micro
retention pond for the irrigation of back kitchen garden, cleaning purpose, emergency of fire
hazards as well. At the end, the community looks clean and beautiful and can be developed as
the major attraction for the tourists.

Figure 38: 7 chowks of Amatyas, Hwakucha
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Abstract: With the growing population due to urbanization and industrialization in most of the cities of the
world, the amount of Municipal Waste Generation is also increasing. The composition of these wastes is also
changing due to factors such as change in lifestyle, economic development, consumption pattern etc. On top
of that open dumping is practiced heavily as a method for municipal disposal worldwide. This leads to
unsustainable way of handling the Municipal Solid Waste. There are approaches available which helps in the
sustainable solid waste management. But the selection of strategies has to be tactfully thought beforehand
that the failure in the application can be avoided. Hence, this paper has the aim of recognizing which

approach available is best fit in the context of Kathmandu.
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1. Introduction

Globally cities face environmental challenges and
have to deal with the climate change issues.
Urbanization is taking place at a high rate and along
with it comes the rapid population growth and the
increase demand of energy. Not only the
consumption demand increases but the waste
production that it brings is embarking. The situation
worsens with the inefficient way to handle the
growing waste production and can become a burden.
The environmental issues and hedth hazards by
haphazard management of Municipal Solid Waste
(MSW) is converging the focus of the people towards
sustainability in al perspective. The main idea is that
cities should be deal all the aspects such as use of
water resources, management of solid waste, use of
energy, consumption of energy etc. with a vision of
sustainability.

Solid waste management (SWM) is one of the major
environmental issues in cities of many developing
countries, including Nepal. Urban population growth
and economic development lead to increasing
generation of municipal solid waste (MSW). On one
hand, the population is increasing at a high rate but
on the other hand, no efficient ways of tackling with
the waste produced are considered which is creating a
burden not only at the local level but at the global
level as well. Rapid and haphazard urbanization,
lack of public awareness, and poor management by
municipalities have intensified environmental
problems in cities in Nepal, including unsanitary
waste management and disposal. While solid waste
management (SWM) has become a major concern for
municipalities and the country as a whole.
Environmental pollution as well as heath hazards is
derived from unsanitary solid waste management.

The approach to deal with municipa solid wastein a
sustainable manner in not only the work of
government’s side but has to be dealt from the local
level for the appropriate and successful results.
Unmanaged disposal of wastes contribute to pollution
and public health hazards in the localities. Therefore,
SWM has become a maor concern for the
municipalities of Nepal as sustainable municipal
waste management has the ability to not only reduce
GHG emissions and drop the CO2 and methane gas
into the environment, thus ensures the health of the
people and a clean environment.

2. Objective

Main objectives:
To find the sustainable approach of Solid
Waste Management.

Specific objectives:

- To determine the current practices of
municipal SWM in Kathmandu.
To recognize the possible ways of
sustainable Solid Waste Management
approaches.
To identify and analyze which approach of
sustainable solid waste management best fit
in context of Kathmandu.

4. Methodology

The research is based on the literature review. The
research has attempted to make an explanation on
‘How’ the solid waste produced in the Kathmandu
City be managed in a sustainable manner. Relevant
literature review was done and then the data was
analyzed to find out which are the solutions that are



best fit in the context of Kathmandu in terms of
Municipal Solid Waste Management.

5. Study Area

8. Literature Review

Kathmandu valley was taken as the study area. It is
the capital of Nepal.

6. Rationale of Selection of Study Area

More population and their consumption pattern give
rise to more production of solid waste. Kathmandu
city being the capita of Nepa is prone to
urbanization at a very high rate. As per the data
collected Kathmandu Valey has 9% of totd
population of Nepal and has the rate of urbanization
as 4.35% which is higher than the rate of
urbanization of Nepal which is 3.62% (Rajbhandari
Us, 2014).

With the growing urbanization and industrialization
the economic level of the people also rise with give
rise to change in consumption pattern and thereby
producing the composition of Solid Waste as well.
Though the urbanization rate is high in valley, the
planning and management of SWM is very weak.
The practices such as haphazard dumping of the
municipal waste into rivers, collecting and
incinerating the municipal waste in an open space
without the segregation of combustible and non-
combustible waste and no segregation of
biodegradable and non-degradable waste before
dumping to the landfill area are inviting health
hazards to the people as well as threateni ng the global
environment.

With the rapid urbanization and unplanned waste
management in the capital, it is facing the problem of
SWM system which is projected to worsen in the
future years to come with even more population
residing and the poor management of waste which is
prevailing. Hence, Kathmandu is selected as the area
of study so that possible appropriate solutions can be
drawn to reverse the city of waste to an eco-city
through the planning of SWM.

7. Validity of research:

In spite of the large potential of SWM system in
contribution to clean and a healthy city, much
remains yet to be achieved. Though the prevailing
SWM system has been studied previously, the way of
handling municipal waste from the perspective of
sustainability in Kathmandu is yet to be discovered.
Thus, thisresearch is validated.

8.1. Present Scenario of SWM in Kathmandu

8.1.1. Municipal Solid Waste Generation and
Composition

The average composition of MSW from three sources
i.e. Household Waste, Institutional waste and
Commercial Waste is as follows: organic waste 56%,
plastics 16%, paper and paper products 16%, glass
3%, metals 2%, textiles 2%, rubber and leather 1%,
and others 4%. The analysis of waste composition
showed that organic matter accounted for the highest
fraction, making up 66% of household waste and
43% of commercia waste; while the largest fraction
for institutional waste was paper and paper products
at 44%. The survey showed that there is great
potential to promote composting of MSW in al
municipalities. (Solid Waste Management in Nepal.,
2013).

8.1.2. Existing Solid Waste Management System

Collection and segregation

The study found that about 30% of surveyed
households in the municipalities practice segregation
of waste at source. Analyzing the information
provided by the municipalities, the present collection
efficiency ranges between 70% and 90% in major
towns . However, this may be overestimated by the
municipalities due to the lack of scientific recording
systems. Citizens dispose of waste within their
compound either by unscientific composting, open
burning, or throwing the waste in the surrounding
open space. Collection, city cleaning, and sweeping
is not done on a daily basis except in main markets,
aong main roads, as well as in residential areas.
(Solid Waste Management in Nepal., 2013).

Transport and Final Disposal

The vehicles and equipment available for waste
collection and transport in each municipality varies
widely. Vehicles commonly used include rickshaws
and carts for primary collection, tractors for
secondary collection or transport, and dump trucks
for transport to the disposal sites. Open dumping,
including riverside and roadside dumping, is heavily
practiced creating public health risks and
environmental problems. KMC and Lalitpur are
facing the problems including frequent local protests,
lack of proper management, and unavailability of
necessary equipment, leading to unsanitary methods
of disposal.



8.1.3. Solid Waste Management Policy and
Legislation

Among the acts and policies pertaining to SWM, the
2011 Solid Waste Management Act and the 1996
National Policy on SWM are particularly relevant.
The National Policy on SWM was formulated in
1996 to address the emerging SWM problems due to
urbanization. The policy emphasizes waste
management in municipal and urban areas and is still
in force. Its main objectives are to (i) make SWM
simple and effective, (ii) minimize the impact of solid
waste on the environment and public health, (iii) treat
solid waste as a resource, (iv) include private sector
participation, and (v) improve public participation by
increasing public awareness about sanitation.

8.1. Different Approaches for sustainable Solid
Waste Management

There are many approaches towards sustainable solid
waste management. The approach can be from
various stages from decision making level,
management level to system involved in carrying out
the waste management level.

8.1.1. Life Cycle Assessment of Reusing Fly Ash
from Municipal Solid Waste: A Case of Taiwan.

Fly ash is the residua substance that is left after the
incineration of Municipal Solid Waste. As landfill
capacity in the country is limited, this vast amount of
fly ash should ideally be reused. However, fly ash has
worse impact on the environment because of which
some treatment methods should be applied before
using fly ash. There are three types of treatment
methods available:1) Extraction and separation,2)
Thermal treatment, and 3) Stabilization/solidification.
Amongst all these methods, thermal treatment has the
maximum efficiency but expensive. Extraction and
separation methods are the simplest but it requires a
lot of energy consumption. The stabilization method
is thus the most appropriate in terms of efficiency as
well as cost-effectiveness. These methods separate
out the hazardous components such as dioxides,
furans and heavy metals such as Lead and Zinc.
There are various process of reusing the fly ash. Four
of them are: 1) landfill after solidification, 2) reuse as
cement after a washing process, 3) reuse as bricks
after a washing process, 4) reuse as akaline in the
waelz process of steelmaking.

A case study was carried out in Taiwan for reaizing
the best process of reuse of fly ash from MSW by
assessing the impact on environment.
Characteristics of fly ash from MSW
incineration

MSW fly ash is composed of many toxic substances,
with the majority metal salts, but the composition of
fly ash does differ somewhat from country to
country. The fly ash was collected from the
incineration of MSW in northern Taiwan. It was
found that the major components of this fly ash were
22.08% Si02 and 12.44% CaO.

Life cycle assessment framework

The environmental impact of fly ash was compared

in four processes of reuses of fly ash. Life Cycle

Assessment framework is the tool which was used

to identify the best process of reuse of fly ash.

Impact assessment: scenarios
1) Scenario 1: Landfill after solidification
The most common treatment of fly ash in Asia is
disposal to landfills after solidification. After the
washing process, the fly ash is mixed with cement
and achelating agent for stabilization, after which the
solidified product is transported to a sanitary landfill
site
2) Scenario 2: Reuse as cement after the washing
process
After the water wash and chelation, 10% fly ash was
added to the raw cement materials that include
limestone, clay, sands, and iron ore.
3) Scenario 3: Reuse as bricks after the washing
process
After the water wash and chelation, 20% of the fly
ash was added to the raw material for making bricks.
4) Scenario 4: Reuse as dkalinein the Waelz process
of steelmaking
In scenario 4, the fly ash from the incineration of
MSW was water washed and subsequently about 7%
of the fly ash was added in the Waelz process for the
treatment of EAFD. (T.Y. Huanga, 2015)
Comparison of the environmental impact of all
the scenarios

Figure: Comparison of the environmental
impact between the four scenarios

Based on the environmenta impact, this study
assessed four scenarios to find the best treatment for
fly ash. It was concluded that of the four options
assessed, reusing fly ash as bricks was the most
environmentally friendly treatment. In scenario 3,
reuse as bricks, the hot spot of impact was in the



washing process and pollution emission of the reuse
process. Therefore, reducing the air pollution
emission and finding a more efficient treatment for
wastewater would be crucia to reduce the impact of
this fly ash reuse method. However, this study cannot
be considered as a complete assessment, as only one
aspect of reuse treatment was evaluated. In future, we
will aso consider the cost-benefit and risk
management aspects to select the best treatment for
the reuse of fly ash (T.Y. Huanga, 2015).
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8.1.2. RFID enhanced PAYT approach: A Case of
United States.
Americans produce a staggering 254 hillion tons of
trash each year. This represents an approximate
300% increase over the past 50 years. And due to a
wide range of economic, political and environmental
factors, the number of landfills for all this “stuff” to
be deposited into has markedly declined. There are
already severe shortages of landfill space in pockets
of the country. In fact, six states - Alaska,
Connecticut, Delaware, North Carolina, New
Hampshire and Rhode Island - have less than five
years of landfill capacity remai ning.
Single rate model:
Traditionally in the United States, trash collection has
been a service performed by municipal governments -
for a flat fee —for its citizens. The flat rate system
provides no incentive for individuals to reduce the
amount of waste they put out for collection. It is not
inequitable, but actually harmful to the environment
aswell.
Pay As You Throw:
Then there was the introduction of “Pay As You
Throw” (PAYT) system. Under the PAYT model,
people pay a variable rate, based on the amount of
trash they actualy put out to be collected by the
waste management contractor. Such long-standing
PAYT systems have not gone without issues,
including resi dents i ntentionall y depositing their trash
in other people’s containers (to avoid their own

charges) and a limited rise in the illegal dumping or
burning of trash in remote areas.

REID enhanced PAYT model:

Then, came RFID enabled PAY T model which was
the most efficient amongst all previous systems.
Texas Instruments has been a leading proponent of
using auto-ID technology to not just better the
business intelligence of waste management
contractors (enabling them to monitor their fleets and
worker performance, both for optimizing routing and
quality assurance, especially when combined with
GPS that is already in wide use in the industry).
Specialy-equipped garbage trucks can then weigh
each “smart” trash can upon collection, making it
possible to ascertain the “net amount” of garbage
collected from each customer each time each
customer’s trash is gathered. The collection process
can remain unchanged from what it is today, as the
weighing is done as the can is lifted and emptied into
the trash truck by the operator, thereby not slowing
down the present system performance.

Municipal Solid Waste market holds the potential for
rapid development over the next few years for RFID
solutions providers, as well as those vendors
providing the hardware and software necessary to
support PAYT and for monitoring recycling. In fact,
today’s economic conditions could work to benefit
solutions providers in this area by accelerating the
growth of both the PATY and recycling incentive
programs, both in the U.S. and abroad (Wyld, 2010).
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8.1.3. Selection of Hybrid Incineration and
Gasification system: A Case of Maiked, Thailand.

Waste characterization:

To adopt the strategy of Hybrid Incineration and
gasification, first an overview of composition of
Municipal waste is required. Approximately 1 m3 of
waste at the dumpsite was taken at Maiked as a
sample for determining the physical and chemical
composition. The physical composition of the waste,
which is the main criteria for selecting the




appropriate technology, was investigated. The results
found was Similar to other rural areas in developing
countries, the MSW generated in Maiked had a high
percentage of organics waste (wet fraction), e.g.
kitchen waste and yard waste, which amounted to
44.2 -wt. of the total. The remaining was a dry
fraction, comprising plastic, paper, cloth, rubber and
trace amounts of non-combustible materia, e.g.
glass, metal and hazardous waste (Kerdsuwana S,
2015).

Appropriate selection of technology:

Two cases were taken into account:

Case 1: The MSW could not be separated and all of
the M SW was treated as mixed waste

Case 2: the M SW could be separated

Considering the selection criterion mentioned in of
case 2, composting was the appropriate technology
for wet fraction (organic waste) disposal since it is
widely used and reliable, with no difficulty in
operation. Based on viewpoint of economics, this
technology requires low investment and operational
costs. Additionally, it can be operated in the
community households. Regarding the remainder
from the separation process, which was referred to as
the dry fraction, incineration was selected as the
promising and ultimate technology to treat the dry
waste since it can effectively reduce the volume of
the mixed MSW, which has high flexibility for a non-
homogeneous composition.  This incineration
technology has been commercialy. However, this
technology requires energy, normaly from fossil
fuel, for the combustion process in order to maintain
the desired operating temperature; consequently,
there are high operation costs. Hence, it is suggested
that gasification technology be used in combination
with incineration technology to produce producer
gas, which can further be supplied in the incineration
system as substitute fuel for fossil fuel. The
conceptual design of the overall process for the MSW
disposal technology, focusing on the incineration
technology for dry waste, is illustrated in figure
bel ow:

Figure: Conceptual design of the overall process for
MSW disposal technology focusing on the novel hybrid
incineration and gasification technology

The proper technology for the disposal of MSW in a
rural area is controlled air incineration integrated
with downdraft gasification. This combined
technology has a dominant advantage in terms of
reducing operation costs. The producer gas obtained
from the gasification process can be used as a
substitute for fossil fuel in the controlled air
incinerator. The central government should support
the LAO in terms of financial fundsin order to invest
in the necessary technology because MSW
management is the responsibility of the government
(Kerdsuwana S, 2015).
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Figure: Graphical summary of selection of appropriate
technology for sustainable approach to
municipal solid waste

9. Selection of appropriate approach for
Kathmandu

From the literature which was carried out, it is clear
that the approach to deal with the waste management
varies according to economic, social, political factors
of acountry.

Since Nepa is a developing country, there are
problems which are prevaent. Amongst all the
problems such as public unawareness, poor
management of waste etc, lack of funding come as a
prominent problem. Hence, the approach which has
taken into consideration the financial problem should
be preferred and adopted. Amongst al the
approaches that has been described, the hybrid
system of incineration with gasification is most cost-
effective.

Also, though Kathmandu city contains laws and
regulations regarding solid waste management but
they are not being practiced well. The prevailing laws
are very generic and open ended. Thus, action has to
be taken from the management perspective as well.
Thus, RFID enhanced PAYT system seems to be
effective in the context of Kathmandu but the cost-
analysis has to be done for it to be applicable
effectively.



The organic component in the solid waste in
Kathmandu comprise of more than 50%. It includes
higher amount of moisture content. Hence, the
feasibility for incineration should also be assessed.
Also, the approach to sustainable solid waste
management in terms of re-use of fly ash does not
seem to be viable in the context of Kathmandu as it
requires more dry fraction of waste. The literature
also reveals that the concept of reduction of solid
waste at the first place is very effective strategy and
hence that aso could be adopted for Kathmandu
valley.

10. Conclusion

Kathmandu being developing country, deals with the
financial problems that gets reflected in the poor
solid waste management system that is prevailing in
the city. Thus, the approach for dealing with
municipal solid waste sustainably which also admits
the cost analysis basis should be adopted. The
feasibility of the approaches should be properly
examined before implementing to the specific city.
Thus, for the Kathmandu city, composting, 3R’s
concept to reduce the waste at the source and use of
RFID enhanced PAYT system seems to be most
suitable approach.

11. Recommendations

Management authority should be active in
implementing the laws and regulations
effectively.

Incentive to the individuals who practice
recycling should be promoted.

The end use of composting should have proper
users.

Reward giving system should be promoted who
practice recycling process.

12. References

Danish Eco City proves waste management can
reverse greenhouse trend. (2009, November 26).
Retrieved March 03, 2016, from EurekAlert.
Kerdsuwana S, K. L. (2015). Sustainable
Development and Eco-friendly Waste Disposal
Technology for the Local Community.
Rajbhandari US, N. A. (2014). Energy
Consumption and Scenario Analysis of
Residential Sector USing OPtimization Model -
A Case of Kathmandu Valley.

(2013). Solid Waste Management in Nepal.
Asian Development Bank.

T.Y. Huanga, P. C. (2015). Life cycle assessment
of reusing fly ash from municipal solid waste
incineration. Elsevier Ltd.

Wyld, D. C. (2010). TAKING OUT THE TRASH
(AND THE RECYCLABLES): RFID AND THE
HANDLING OF MUNICIPAL SOLID WASTE.



Eco city: Dimensions and its reality in context to Kathmandu
Anjana Shrestha
M. Sc in Energy for Sustainable Social Development (MSESSD), Department of Architecture & Urban
Planning, Central Campus, Institute of Engineering, Tribhuwan University, Nepal
Corresponding Email: shr_anjana@hotmail.com

Abstract

In urban settlements, the concentration of people and their activities create intensified demands on the environment. Urban
sprawl is a mgjor problem which creates unnecessary land consumption, habitat fragmentation and loss of natural re-
sources. This directly affects the environmental, social and economic aspects of the cities. A level of sustainable existence
has to be reached at which the community can live in a symbiotic cooperative mutual interdependent harmony between
design, microclimate, and its environment. The objective of this article is to understand the theoretical aspects of a sustain-
able city focusing on eco city and analyze the existence of the elements of eco city in Kathmandu valley, focusing on a
traditional settlement of Kirtipur. The limitation of this article is based on literature review of the related journal articles
and their qualitative analysis. The article analyses the potential of Kathmandu valley to be an eco city in the future, in ref-
erence to the sustainability indicators and related case studies. This article may be useful to all the stakeholdersinvolvedin
the analysis and devel oping of a sustainable city especially the eco city.

Keywords: Sustainable Devel opment, Urban Form, Eco city, Sustainability Indicators, Kathmandu Valley, Kirtipur

Introduction

The term "Sustainable Development” was first
used by the World Commission on Environment
and Development (WCED) in its report "Our
Common Future”, which defines sustainable de-
velopment as "which meets the needs of the pre-
sent without compromising the ability of future
generations to meet their own needs." This state-
ment has proven to be true because the urban cities
are facing the problem of rapid urbanization. The
entire Kathmandu valley is evident which is justi-
fiable due to the challenges we are facing in eco-
logical, social, economic, cultural, political, insti-
tutional, and most importantly the environmental
aspects. Urban form is a composition of character-
istics related to land use pattern, transportation
system and urban design. Compactness, sustaina-
ble transport, high density, mixed land uses, diver-
sity, passive solar design and greening are the sev-
en parameters which led to sustainable develop-
ment and the different combinations of these pa-
rameters develop four distinguished urban forms
which are Neo-traditional Development, Urban
Containment, Compact City, and The Eco-City.
(Jabareen, 2006).

Eco city is considered as an umbrella metaphor of
sustainability with distinctive concepts of green-
ing, passive solar design, and sustainable transport
(Kenworthy, 2006). The concept of eco city has

been propagated by Richard Register, the founding
president of Urban Ecology in the year (Singh,
2015). Many of the neo-traditional town planning
such as the traditional cities of Kathmandu valley
have some elements of sustainability and exempli-
fy the related strategies for new urbanism. The
traditional settlements like Kirtipur has compact-
ness, mixed land use and intensification by proper
land use for high density which has minimized
length of trips and that has the potential to develop
non-motorized sustainable transport reducing
greenhouse. The parameters of sustainable urban
form are correlated to each other and together cre-
ate social, economic and environmental urban sus-
tainability. “A sense of place, which in itself en-
hances every human activity that occurs there, and
encourages the deposit of a memory trace with the
notion of edge, path, node, district and landmark.”
(Lynch, 1960).

Four journal articles published in national and in-
ternational journals have been studied and re-
viewed. The need and importance of sustainable
development has been apprehended, in reference to
the article “Sustainable Urban Form” by Jabaaren
Y R. Focusing on eco city as one of the distin-
guishable urban form of sustainable development,
its elements have been analyzed in a conceptual
model focusing on the relationship between



transport and urban form, in reference to the article
“The eco-city: ten key transport and planning di-
mensions for sustainable city development” by
Kenworthy J R. The existence of these elementsin
the traditional cities of Kathmandu valley has been
analysed in reference to the article “Ecocity ele-
ments in the traditional settlement Kirtipur of
Kathmandu valley” by Singh S. Similarly, the in-
dicators of sustainable development for urban cit-
ies like Kathmandu valley have been apprehended
in reference to the article “Towards Developing
Indicators of Environmental Sustainability for
Kathmandu, Nepal” by Dr Adhikari A P, which
provide reference to policy makers and urban
planners to prepare suitable sustainable plans and
policies.

Relevance and Importance of Study

One-third of the world’s population lived in cities
in the year 1950, which today has reached more
than one-half, and is expected to reach more than
two-thirds in 2050. In the present situation, most of
the cities are facing the problems created by rapid
urbanization. The environmental quality is on a
rapid decline which is affecting ecological balance
and quality of environment due to land consump-
tion, habitat fragmentation, and replacement of
natural cover with impervious surfaces. Moreover,
the resulting urban sprawl affects travel behavior,
with heavy use of automobiles which have green-
house gas emission affecting the air quality and
global climate; premature loss of farmland, wet-
lands, and open space; and noise pollution. Green-
house gas concentrations are also increasing with
excessive use of fossil fuels, especially in devel-
oped countries like USA.

In Nepal, energy demand is more but the energy
supply is less. With the total population of 2.51
million and a total area of approximately 900
square kilometers, the Kathmandu Valley is grow-
ing at 4 percent per year, as one of the fastest-
growing metropolitan areas in South Asia (Singh,
2015). The environmental quality of the valley is
deteriorating rapidly due to increasing air pollu-
tion, water pollution and land pollution in the ur-
ban areas. Load shedding is one of the major prob-
lems we are facing in daily life with everyday
black-outs which has given Kathmandu a reputa-
tion of a dark city. The generators consume petro-
leum, which emit high quantity of pollutants, and
are unsuitable in an economic sense. Similarly,

heavy traffic congestion and the emitted harmful
gases is directly affecting the environment and the
health and efficiency of habitants. Recent earth-
quake has affected the city with much destruction
of buildings and infrastructures. It is a high time to
act upon these issues to revitalize and develop a
sustainable Kathmandu valley. Realizing the his-
toric settlements of Kathmandu valley, eco city
seems to be best suited for its sustainable devel-
opment. The entire Kathmandu valley is a single
ecological unit, because of the way the water-shed,
drainage, agriculture, atmospheric commons, for-
ests and ground water systems are naturally con-
figured and inter-related. Accordingly, it is best to
plan and manage the valley’s environment as a
single unit (Adhikari, 2012).

Findings and Discussion

In most definitions, the concept of sustainability
includes three dimensions: environmental, social
and economic and lately, the cultural, ethical, and
philosophical elements have also been considered
as integral parts of sustainability. Kenworthy in his
article ‘The eco-city: ten key transport and plan-
ning dimensions for sustainable city development’
justifies that an eco city is an urban sustainable
form, with the distinguishable characteristics of
greening, passive solar design and non-motorized
transport. In overall, it comprise of the following
element of sustainable devel opment.
- Compact urban form with mixed land use

Well-defined high density

Human-oriented centers,

Non-motorized transport

Greening with Protection of the city’s natural

areas and food-producing capacity.

Passive Solar design

Economic performance and Employment crea-

tion

Environmental technologies for water, energy

and waste management

Enduring physical infrastructure and urban de-

sign

Planning for future city as ‘debate and decide’

process rather than ‘predict and provide’ pro-

cess

Democratic, inclusive, empowering and hope

engendering decision making process.

Moreover, the urban form ‘eco city’ is very closely
related to another urban form ‘urban containment’



and ‘compact city’ as urban sprawl has to be min-
imized to develop an eco city. And the urban form
of ‘Neo-Traditional Development’ justifies this
aspect. So it is clear that the parameters of the four
urban forms are compatible and not mutually ex-
clusive, with some distinctive concepts and key
differences.

When we look upon the article ‘ Sustainable Urban
Forms by Jabareen Y R, it is clear that before
Register, the term Eco city was not new to urban
planning and is based on a number of earlier spa-
tial planning models starting from Garden city of
Ebenezer Howard. Sustainable urban form and
transport are at the core of developing an eco city
(Kenworthy, 2006). Unlike in other urban sustain-
able models, eco city should prioritize to the de-
velopment of non-motorized transport system with
well-designed pedestrian and cycling routes. This
creates safer streets, less energy use and less envi-
ronmental impact. This is justifiable for Kathman-
du Valley too as one of the major environmental
issue we face each day in our life is the pollution
of automobiles and traffic congestion. When we
look upon the traditional settlement of Kathmandu
valley like Kirtipur, they seem to have maintained
the elements of eco city consciously or uncon-
sciously with healthier natural ecosystem in com-
parison to the contemporary big cities. With a to-
tal area of 14.76 sg.km, total population of 65,032
and with the total 19 wards, only five wards are
urban in character and the rest are still rural with
its population depending on agriculture for liveli-
hood (Singh, 2015). Kirtipur is a culture driven
society with an ethnic composition especially of
newars. Some elements of eco city can be seenin
Kirtipur.

Compact settlement and well defined high densi-
ty: The land use pattern of core area is based on
their culture and is guided by the position of reli-
gious heritage. The residential forms are in a con-
fined boundary with row housings enclosing
courtyards, and within a network of streets and
open spaces. The limits of urban sprawl which
were generally done by placing the religious ele-
ments like astamatrikas (the gods), the narayans
etc. along the periphery (Singh, 2015).

Eco friendly built environment: The courtyards
and the slope roof in residences allow penetration
of natural sunlight and ventilation to the built envi-
ronment. The use of brick, mud mortar and timber
contribute towards the thermal efficiency of the

residences. The bricks used in walls and the tiles
used in slope roof are water absorbing.

Human oriented centres; Open spaces like patis,
sattals and temple squares which are for social
interaction and community activities, can be found
in the street junctions and around temples. The
open spaces are also used for bathing, washing
clothes, oil massaging and even sunbathing the
new born infants.

Greenery with protection of the city’s natural areas
and food-producing capacity: When we look out-
side the core area of Kirtipur, the establishment of
the Tribhuwan University and the existence of
Taudaha have been major influencing factors in
the perseverance of greenery and biodiversity. The
core area of Kirtipur lies on the tar land located on
higher plateau with boundaries leaving the sur-
rounding fertile land for agriculture and forests in
the outskirts, mostly towards the Southern part
towards Machegaun, Champadevi Hill and
Chovar. Different species of birds can be seen in
the Chovar and Jalbinayak area.

Mixed land use: Near to the university, other insti-
tutions like Planetarium, Ayurvedic Hospital and
Horticulture Research Centre have been estab-
lished in the recent years which are in close prox-
imity to the core residential area Small cottage
industries and food processing mills are also near-

by.

Non-motorized transport: Though the streets are
not non-motorized, the density of traffic is very
low in comparison to the contemporary cities. Dur-
ing festivals, the chariots of Gods travel around the
major routes of the city. So the streets are narrow
and pedestrian friendly.

Environmental technologies for water, energy and
waste management: Water supply and sanitation
system are closely linked to the socio-cultural as-
pects. Cleanliness was considered next to godli-
ness and water bodies were considered holy
(Singh, 2015). Aquifier is recharged to maintain
the water balance and supply clean water. There
are still ten numbers of ponds mostly located in
the core area of Kirtipur. Taudaha is also one of
the water bodies that have great ecological signifi-
cance, bio diversity and is important for ground
water recharge. Similarly, the open jointed brick
pavement in streets is good for water discharge.



In the present context, the elements eco city in the
traditional cities of Kathmandu seem to be deplet-
ing due to the changing lifestyle, lack of public
awareness and lack of fund for maintenance. In
case of Kirtipur, Tribhuwan University which had
been a major influencing factor in the maintenance
of ecosystem, today is the major factor for the
growth of settlements, especially towards the
South (Singh, 2015). People are mostly moving to
urban periphery leading to urban sprawl towards
Nayabazar, Nagaun and Panga, reducing the agri-
cultural land. The construction of Ring road in
1978 has made Kirtipur more accessible to people
not only from outside Kirtipur, but also from out-
side Kathmandu Valley. Slowly the green periph-
ery towards Chovar and Machhengaun are being
encroached by new constructions. In Kirtipur,
some ponds especially towards the south like the
labha pukhu, khasi pukhu, bhin pukhu, mabhin
pukhu etc have gone dry and are at risk of being
encroached for other purposes.

Following are the key indicators of environmental
sustainability for urban cities of developing coun-
tries, like Kathmandu valley, which provide refer-
ence to policy makers and urban planners to pre-
pare suitable sustainable plans and policies.
(Adhikari, 2012)

Relevance to the local conditions

Imbedded in Social Vision

Easy to Measure and Compare

Helpful to devise policy

Supporting the community to become proactive
Reliability of Information and based on availa-
ble information and data

Conclusion

The current trend of urbanization creates an envi-
ronmentally, socially and economically unsustain-
able city. Planners and policy makers have to pro-
pose suitable plans that are acceptable for the
community. The parameters suggested by Jabareen
in his article mostly imply in all forms and may
differ according to the physical, socio-cultural and
economic aspect (Jabareen, 2006). Ecological and
socio-cultural aspect of Kirtipur justifies that the

city’s tranquil streets not only takes to a different
socio-cultural environment, but helps to explore a
glorious dimension of human civilization. Present
exploitation to the cities due to unplanned urban
development, massive migration, exploitation of
natural resources, and aggressive promotion of
motorized vehicles. The definition of eco city may
vary according to researcher and according to the
physical, socio-cultural, and economic aspects of
country. The planners, policy makers and related
fraternity should timely analyze the sustainable
aspect of the place with authentic data. If top down
approach is not effective, bottom up approach shall
be used, where companies like * Smart Pani’ should
be encouraged. Eco-city cannot be a forced devel-
opment, where community sentiment and their
needs should be analyzed, through public interac-
tion programs.

“As long as there is nature with its five basic ele-
ments water, air, fire, earth and sky are kept in bal-
ance, human beings can thrive on earth but the
imbalance in nature might lead to its destruction;
for as long as there are trees and greenery there is
good oxygen in the air; and if trees cannot survive
then neither will the human beings. Hence the im-
portance of natural ecosystem cannot be ignored
while planning urban settlements and there has to
be a paradigm shift in the way urban entities are
perceived in the coming days.” (Singh, 2015)

References
1. Adhikari, AP, D. D. (2012, August). Towards Developing

Indicators of Environmental Sustainability for Kathmandu,

Nepal. International Journal of Humanities and Social

Science, Vol. 2 No. 16 (The Special Issue on Commerce and

Social Science), 192-196.

2.Deng, W. Y. (n.d.). Building related KPIs in Sino-Singapore

Tianjin Eco-City. 112 — 115.

3. Jabareen, Y. (2006). Sustainable Urban Forms. Journal Of

Planning Education And Research , Vol 2 No. 5, 38-52.

4. Kenworthy, J. (2006). The eco-city:ten key transport and

planning dimensions for sustainable development.

Environment & Urbanization, IIED, Vol 18(1): 67-85.

5.Lynch, K. (1960). The Image of the City. Cambridge,
Massachusetts : MIT Press.

6.Singh, S. (2015). Ecocity elements in the traditional

settlement Kirtipur of Kathmandu valley. Research Gate.






Elements of Energy Efficient Buildings and Adaptive Strategies

Bishal Kayastha
Department of Architecture & Urban Planning, Energy for sustainable Social Development ,Central Campus, Institute of
Engineering, Tribhuvan University, Nepal Corresponding Email:072mses453@ioe.edu.np

Abstract This paper presents some ideas of creating energy efficient building envelope and reduction in building energy
use by application of adaptive comfort principle. Nowadays, energy conservation in buildings is especialy important for
countries where high energy consumption in residential and tertiary sectors causes the high energy intensity of the whole
economy. A Well-designed energy efficient building maintai ns the best environment for human habitation while minimis-
ing the cost of energy. The energy efficient buildings are to improve the comfort levels of the occupants and reduce energy
use (electricity, natural gas, etc) for heating, cooling and lighting. In this paper various € ements of energy efficient build-
ings are discussed and also emphasis is given to design considerations for sustainable buildings in order to realize energy

saving potential s of the adaptive model in practice.

Key words: Energy efficiency, Thermal comfort, Adaptation

1. INTRODUCTION

Buildings consume a lot of energy all around the
world and are responsible for high environmental
pollution. Buildings represent 32% of total final
energy consumption (IEA, 2016).Developing en-
ergy efficiency solutions in order to conduct
knowledge-driven sustainable building construc-
tion and operation has been a prime need. Major
portion of building energy is spend on maintai ning
thermal comfort. Therefore proper consideration is
required while providing thermal envelope. A
thermal envelope is everything about the house
that serves to shield the living space from the out-
doors. It includes the wall and roof assemblies,
insulation, air/vapor retarders, windows etc. While
design costs, options, and styles vary, most energy-
efficient homes have some basic elements in
common: a well-constructed and tightly sealed
thermal envelope; controlled ventilation; properly
sized, high-efficiency heating and cooling systems;
and energy-efficient doors, windows, and appli-
ances.

The adaptive approach is based on the overall per-
ceptions and resulting behavior of the Occupants
in achieving an adequate level of thermal comfort.
The occupants decide an acceptable thermal com-
fort range by adapting to the internal environment
of the building. This minimizes the energy usage
and running costs of the building, thus enhancing
its economic, environmental and sustainable per-
formance. This paper focuses design considera-
tions for sustainable buildings in order to realize

energy saving potentials of the adaptive model in
practice.

2. OBJECTIVES

To explore various elements of energy ef-
ficient building

To analyze various adaptive comfort mod-
els

3. METHODOLOGY

An extensive review of the scientific articles has
been conducted related to energy efficiency, ther-
mal comfort, sustainability and adaptive principles.
Case studies on thermal comfort and adaptive
models were compared to generalize the adaptive
strategies and energy efficient techniques. By ana-
lyzing those articles case studies factors and meth-
ods affect the energy consumption in buildings are
highlighted. Energy efficiency strategies employed
are introduced. The factors, methods and strategies
have been analyzed into different phases. Finally,
an integrated approach to achieve energy efficien-
cy in building through the suggested phases is pro-
posed.



4. ANALYSIS

The fundamental assumption of the adaptive ap-
proach is expressed by the adaptive principle that
stipulates "If a change occurs such as to produce
discomfort, people react in ways which tends to
restore their comfort" (Humphreys & Nicol, 1998).
This principle codifies the behavior of building
occupants which takes following forms:

* Adjustment to the optimal comfort tem-
perature by changing clothes, activity,
postures, using drinks, etc. so that the oc-
cupants are comfortable in prevailing con-
ditions.

* Adjustment of indoor conditions by the
use of controls such as windows, blinds,
fans and also mechanical heating and
cooling system.

Insulation

An energy-efficient house has much higher insula-
tion R-values than required by most local building
codes. An R-value is the ability of a material to
resist heat transfer, and the lower the value, the
faster the heat loss. Foundation walls and slabs
should be as well insulated as the living space
walls. Poorly insulated foundations have a nega-
tive impact on home energy use and com-fort, es-
pecially if the family uses the lower part of the
house as living space.

Window

The typical home loses more than 25 per-cent of
its heat through windows. Even modern windows
insulate less than a wall. Therefore, an energy-
efficient house in a heating-dominated climate
should, in general, have few windows on its north-
ern, eastern, and western sides. Total window area
should also not exceed 8 to 9 percent of the floor
area for those rooms. If this is the case, then in-
creasing window area on the southern side of the
house to about 12 percent of the floor area is rec-
ommended. This is often called solar tempering.
Energy efficient appliances

Appliances with relatively high operating efficien-
cies are usually more expensive to purchase. How-
ever, higher efficiency appliances provide a meas-
ure of insurance against increases in energy prices,
emit less air pollution, and are attractive selling
points when the home is resold.

Adaptive Approach

Thermal comfort by definition refers to condition
of mind which expresses satisfaction with thermal
environment. There is a clear relationship between
comfort temperature and external conditions. As
the outdoor temperatures increase, so does indoor
comfort temperature. This is an evidence of occu-
pants' adaptation to changing environments. Most
of the survey has verified that the comfort tem-
perature is very closely related to the mean outdoor
temperature. It is subsequently found that in free
running building the optimum comfort temperature
is a linear function of the outdoor temperature and
may be predicted from the mean outdoor tempera-
ture. So the comfort zone temperature should be
suitably determined and accordingly optimum use
of energy should be done.
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Adaptive comfort model, which is obtained from
statistical analysis of the monitoring data is given
in equation:

Ten=0.113* Trm+23.323 (Geun & Jeong, 2014)
Trm = running mean temperature

Also for another study region with different local
climate, adaptive comfort model is given by equa-
tion:

Tc =17.8+0.31*To (Albatayneh, Alterman, Page,
& Moghtaderi, 2016)

To= monthly mean of outdoor air temperature



90% acceptability limit = Tc + 2.5°C
80% acceptability limit = Tc +3.5°C
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Source: (Albatayneh, Alterman, Page, &
Moghtaderi, 2016)

These adaptive comfort model have different val-
ues of constants in linear equation but they are
varying with respect to the mean outdoor tempera-
ture. The research indicates that the application of
the adaptive comfort model has a high potential for
reducing energy use. The mechanical system
should be used according to our adaptive behavior
and adaptive comfort model in order to optimize
energy use and our comfort zone. Also occupants
can control thermal environment by clothing be-
havior, window use, drinking water, drinks, use of
sun shades without resorting to mechanical heat-
ing/cooling energy.
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DISCUSSION AND CONCLUSION

Energy efficiency measures are focused on im-
provement of buildings envelopes to reduce heat
needs for space heating. The main reasons for high
heat energy consumption in residential buildings
are the following factors:

* Poor thermal quality of a building enve-
lope: walls, insulation, windows;

e Poor standard of ventilation (high losses,
oversized systems, no heat recovery);

* Inefficient heat distribution systems inside
buildings;

* Lack of control equipment of the space
heat and hot water use;

e Lack of Demand Side Management
(DSM) methods and energy efficiency
awareness.

To improve the energy efficiency in buildings in
residential sector the following methods can be
employed:

* Improvement of thermal characteristics of
building envelopes (including basement),
to reduce heat demand for space heating;

* Modernization of heat distribution sys-
tems and heat exchange stations: i ntroduc-
tion automatic control system, applying of



heat metering, to reduce heat supplied to
buildings and heat distributed inside build-
ings;

* insulation of building envelope

» use of energy efficient appliances.

* change in users behavior and applying
adaptive comfort principles

Fundamental role of the building is to provide
comfortable indoor environment protecting occu-
pants from harsh external environment. In the past
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Abstract: The modern day demand for agricultural product has resulted into many severs consequences leading to unsus-
tainable practices in agriculture. The ever-increasing demand of energy input in agricultural production needs to be care-
fully fulfilled to attain energy, environmental and economical balances. There have been many researches and studies in
the area for way finding of sustainable agricultural planning. The regional scale interventions in agricultural planning and
practices through efficient energy use, and agro based energy sources to economical viability of the crop through suitabil-
ity analysis are proposed as measures to attain sustainable agricultural planni ng and practices. The core of the article based
on the research objectives and conceptualizations done by three journal articles tries to summarize them into single com-
prehensive regional interventions which are to analyze the current agricultural practices according to their input character-
istics to benchmark the most efficient, analyze the suitability index of the major crops based on soil characteristics and
crops requirements and to construct an agro-energy supply chain to fulfill the energy demand of the benchmarked agricul -
tural practice through highly suitable energy crop. Finally the testing of the proposed interventions based on the three cri-
teria energy balance, economical balance, and environmental impact to analyze its sustainability index is proposed. The
proposed regional intervention could be powerful measure to attain sustai nable agricultural planni ng and practices.

Key words: Sustainable Agriculture, Agro-energy, Land suitability, Agricultural Planning

Introduction

With the continuously growing global demand for
agricultural products and increasing agricultural
intensification in most of the areas, development of
sustainable agricultural practices is current need.
Fundamental changes in the way societies produce
and consume are indispensable for achieving glob-
al sustainable development. All countries should
promote sustainable consumption and production
patterns. (Ehrenfeld, 2008) In many of the devel-
oped countries, the agricultural intensification has
led to many severe consequences such as soil ero-
sion and compaction, nutrient leaching, pesticide
spreading and biodiversity loss. And the growing
demand of energy, water, nutrients and land area
solicit innovative strategies to fulfill them while
maintaining the energy, environmental and eco-
nomical balances. (Ginaldi, Danuso, Rosa, Rocca,
Bashanova, & Sossai, 2012).

With an objective of achieving sustainable agricul-
tural planning and practices this article based on
three journal articles from three different countries
namely India (Khan & Khan, 2014), Germany
(Mwambo & First, 2014) and Italy (Ginaldi,
Danuso, Rosa, Rocca, Bashanova, & Sossai, 2012)
from three different continents tries to summarize
the measures conceptualized by them in single
comprehensive regional interventions. First article

analyses land suitability for major crops according
to soil characteristics and crop requirement, second
article tries to look into the energy aspect of the
agricultural systems and conceptualize an energy
efficiency-assessing framework and the third arti-
cle simulates maze crop as Agro-Energy Supply
Chain (AESC) and analyzes economical, energy
balances to determine (ACSI, Agro-energy Chain
Sustainability Index).

Land Suitability Analysis

Land suitability analysis is the analysis done to
find out the suitable land areas for determined po-
tential crops based on the soil characteristics, cli-
matic conditions, land profile and the crop’s re-
qguirements. The major objective of this analysis is
to find out the best potential crop in the region and
formulate policies based on these to improve the
yields and their economic, energy and environ-
mental balances. For obtaining the better economic
balance the best market value crop is determined
while for better energy balance regional scale
agro-energy supply chain AESC needs to be envi-
sioned based on the land suitability analysis about
which the article talks later in the fourth chapter.



In the referred article published in International
Journal of Scientific and Research Publications,
Volume 4, Issue 3, March 2014 ISSN 2250-3153
“Land Suitability Analysis for Sustainable Agri-
cultural Land Use Planning in Bulandshahr District
of Uttar Pradesh” by Dr. Mohammad Shah Nawaz
Khan and Prof. Mohd. Mazhar Ali Khan from De-
partment of Geography, Jamia Millia Islamia, New
Delhi, carries out the land suitability analysis for
nine major crops in Bulandshahr district. The dis-
trict lies in UP state of India beside Ganga River
with 82.40% gross cropped area. The study area is
characterized by six soil series according to its
physio-chemical properties, Ganga Khadar Soil
Series, Manpur Soil Series, Senta Soil Series, Kota
Soil Series, Aulera Soil Series and Ajeetpur Soil
Series which were analyzed with data about the
production and acreage for the year 2007-08 from
district Sankhiyiki Patrika and soil series data from
the soil report of National Informatics Centre
(NIC). The requirements for each crop obtained
from National Bureau of Soil Survey and Land
Use planning (NBSS & LUP) and Indian Council
of Agricultural Research (ICAR) are used and
mapping is done in GIS environment using Arc
GIS 9.3. Chemical properties of soil pH (negative
log of hydrogen ion concentration), CEC (cat ion
exchange capacity), EC (electrical conductivity)
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Figure 1 Soil suitability analysis framework (Khan & Khan,
2014)

and ESP (exchangeable sodium percentage) are
taken into account along with climatic data of pre-
cipitation and temperature, soil physical properties
and topographical data. The researchers use land
suitability classification method proposed by FAO
(1976) with four land categories. ‘S1’ highly suita-
ble, *S2’ moderately suitable, ‘S3' marginally suit-
able, and ‘N1’ almost unsuitable.

The framework used in the suitability analysis uses
four major components of data, climatic data, soil
physical properties data, soil chemical properties,
and the topographical data. Obtaining these data
for a regional scale can be further distributed into
different subzones of the region based on adminis-
trative zoning so that the output is categorized into
administrative subzones and hence the policy for-
mulation and implementations are effective.

Energy Efficiency Analysis

As the energy use in the agricultural sector has
been increasing and there have been many changes
is the agricultural practices which are energy in-
tensive, the agricultural systems present in the re-
gion needs to be analyzed and the energy efficient
agricultural systems need to be benchmarked. The
proposed energy efficiency analysis is only up to
the output yield collection. The later processing
and final product generations are not included in
the analysis.

With the continuously growing global demand for
agricultural products and increasing agricultural
intensification in most of the areas, development of
sustainable agricultural practices is current need.
The referred article “A framework for assessing
the energy efficiency of non-mechanized agricul-
tural systems in developing countries”? published
in Proceedings of the 28th Envirolnfo 2014 Con-
ference, Oldenburg, Germany September 10-12,
2014 by Francis Molua Mwambo supervised by
Christine Furst from Center for Development Re-
search (ZEF), University of Bonn, tries to concep-
tualize an energy efficiency analysis framework
for non-mechanized agricultural systems in devel-
oping countries from Africa. The article divided
into four sections has first two sections are more
introductory. Referring to many reports and arti-
cles it builds up the necessity of an universal ener-
gy efficiency analysis framework by showing
short-comings of the current frameworks which



fail to address different scales in decision making,
i.e. connecting the management planning level
with regional development considerations proper-
ly. The methodological framework conceived in
the third section is a combination of different con-
cepts to look at non-mechanized agricultural sys-
tems. It is mainly based on the EMergy calculation
for the various energy inputs, natural and artificial
further categorized into renewable and non-
renewable, in the production process. Which sum
up for the unit output. These energy values includ-
ing their corresponding land-use schemes are fed
into the Data Envelopment Analysis (DEA) model
to benchmark the optimal efficient land-use
scheme. The non-parametric statistical analysis by
Data Envelopment A nalysis takes into account the
land-use schemes as the decision-making units
(DMUs). Different data on meteorology, human
labor, animal draft, purchased implementations
and yield per land use area are fed to DEA as sec-
ondary data.
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Figure 2 Framework for Energy efficiency analysis (Mwambo
& Frst, 2014)

Agro-Energy Supply Chain

As the growing energy demand in agriculture so-
licits innovative strategies to fulfill them, the self-
sustaining energy source from the agro based en-
ergy sources has been the recent area of study by
many researchers. The use of agricultural bi-
products as sources of energy has been practiced
for long time, though the conversion of energy-
crops to yield biofuel likes ethanol, biogas, char-
coal etc. have been more of a concern in the pre-
sent scenario. There are many biofuel-processing
projects being carried out around the world. (IEA,
2007) Bioethanol is the most common biofuel,
accounting for more than 90% of total biofuel us-
age. Conventional production is a well-known pro-
cess based on enzymatic conversion of starchy
biomass into sugars, and/or fermentation of 6-
carbon sugars with final distillation of ethanol to
fuel grade. Ethanol can be produced from many
feedstock, including cereal crops, corn (maize),
sugar cane, sugar beets, potatoes, sorghum, and
cassava. Co-products (e.g. animal feed) help re-
duce production cost. (IEA, 2007)

Though the selection of energy crop can be done
based on the suitability analysis and the energy
efficiency analysis of their production, which is
later, fed to the analysis model referred from the
research article ‘“Agro-energy supply chain
planning: a procedure to evaluate economic,
energy and environmental sustainability” pub-
lished in Italian Journal of Agronomy 2012; vol-
ume 7:e31 by Fabrizio Ginaldi, Francesco Danuso,
Franco Rosa, Alvaro Rocca, Oxana Bashanova and
Emiliano Sossai from University of Udine. This
research evaluates the potential supply of energy
from energy crop in the plain of Friuli Venezia
Giulia (FVG) a region situated in the northeastern
part of Italy covering about 161,300 ha, this re-
search article proposes an agro-energy supply
chain approach at regional level by simulating
mai ze crop yields on modular-structured miniCSS.
For achieving a sustainable Agro- energy supply
chain (AESC) the researchers set three main goals
of energy market security, minimal environmental
impact and avoiding social consequences of energy
shortages. The research is conducted analyzing
economic, energy and environmental indicators of
the AECS at three different agronomic treatments.
The main purposes of the research are summarized
in three points, to analyze the effects of pedo-



climatic events, to optimize the biomass hauling by
assuming a cooperative organization and to opti-
mi ze the performance of AESC by analyzing sim-
ultaneous balances based on economy, energy and
environmental impact.

Similar simulation of the potential energy crops
and their efficiency analysis would lead to the se-
lection of the optimal Agro-Energy Supply Chain
AESC. Further analysis of the optimal collection
point distribution, processing plants location and
the organization model of the AESC would be the
foundation of policy making and planning for Sus-
tainable Agriculture.
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Figure 3 Crop simulation framework using miniCSS
(Department of Agriculture and Environmental Science, 2005)

Comprehensive Interventions for Sustainable
Agriculture

The comprehensive regional interventions are to
analyze the current agricultural practices according
to their input characteristics to benchmark the most
efficient, analyze the suitability index of the major
crops based on soil characteristics and crops re-
guirements and to construct an agro-energy supply
chain to fulfill the energy demand of the bench-
marked agricultural practice through highly suita-
ble energy crop. Finally the testing of the proposed
interventions based on the three criteria energy
balance, economical balance, and environmental
impact to analyze their sustainability index is pro-
posed. The proposed regional intervention could
be powerful measure to attain sustainable agricul-
tural planning and practices.

Conclusion

For achieving a sustainable development, sustaina-
ble agricultural planning plays very important role
and for many developing nations it is vital compo-
nent. Since agriculture is the producer and user of
the energy, environmental resources and the econ-
omy at the same time, carefully planned strategies
to meet the requirements of sustainable agricultural
development are very important. Many interven-
tions to check the present unsustainable agricultur-
al practices and planning policies to strategically
reach sustainable future of our agriculture have
been felt many times. The regional level planning
and policy interventions, which propose to evalu-
ate the energy efficiency of the current practices
and benchmarks, the optimal agricultural system
can be fruitful to do so. The formulation of agricul-
tural land use policy based on land suitability anal-
ysis and establishment of Agro-Energy Supply
Chain at regional scale are long-term interventions
to attain Sustainable Agricultural future. The ener-
gy independent Agricultural practices with most
efficient energy use and high yields to support fu-
ture needs should be the aim of the Land use plan-
ners and policy makers at rural to urban regional
levels.
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Abstract: Green roofs possess a variety of merits with only major drawback being the premium
investment cost. This paper strive towards justifying the initial investment with a payback period
by assessing the life cycle cost of the roof. The maintenance of the green roof also requires some
effort which has been incorporated in this paper. The research shows that per square feet cost
burden is decreased with the increased area of the green roof.
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1.

Introduction

Green roofs are considered as a solution to
many urban issues including urban heat
island mitigation, noise and air pollution
reduction, storm-water management and
support of biodiversity and are quite often
addressed as the best building choice to
increase the environmental sustainability in
an urban setting. Recent initiative at
European level also promote a benefit for
those building covered by a green roof as a
reduction in Land use impact.

Generally speaking, it is now quite clear
that green roofs can be used to reduce or
mitigate issues as urban heat island effect,
water runoff, air and water quality (Liu et
al., 2003; Wong et a., 2003). Most of the
reasons that stop building owners in
building a green roof lay in the idea that
beside the initial costs, cost form
maintenance of green roof during the life
cycle of the building are quite high. In fact,

some studies have demonstrated that
intensive or deep soil roof systems have a
higher life cycle cost (LCC) than
conventional practice, but this is not always
true for extensive green roof system that
might cost less than a conventional roof.
(Gargari, Gargari, Fantozzi, & Campiotti,
2016)

Moreover, considering that the European
Regulation on Energy Efficiency 31/2010
drives to nearly zero energy building,
energy and resources consumption in
buildings are in a near future primarily due
to the building material. More than the
energy consumption in use, the
environmental impact of the building
materials becomes therefore an urgent
performance to be evaluated in a life cycle
perspective. Even environmental impacts
due to energy consumption during the use
phase of the building have been drastically
reduced in the last 10 years, the estimation
that the use represents approximately 80%



to 90% of the life-cycle energy use, while
10% to 20% is consumed by the material
extraction and production, and less than 1%
through end-of-life treatments is still not so
far  from the redty, especially in
Mediterranean climate where conventional
building dates back to ' 50es and ‘ 60es.

The main goal of the Life Cycle Costing
approach is to optimize life cycle costs of
the assets or investment project without
loss their performance. The scope of
investments project is dependent on the
company size, its investment planning and
financial or other resources. The
evaluation of investments is made on the
decisive criteria (rate of return, risk,
repayment period, etc.) which can be
evaluated by severa methods. The
investment evaluation can be explored from
several points of view. We mainly focus on
costs or profit but the widely used criterion
is Cash Flow (sum of profit after tax and
value of depreciation). If the time factor is
used or no the methods are divided on static
or dynamic tools. E.g. The Net Present
Value Method (NPV) is considered to be
the most widely used method. (Spickova &
Myskova, 2015)

The following chapters describe the
comparison of the data divergences which
provides  financial or managerial
accounting. By the majority of fixed assets
we showed that their operating costs
comprise the largest share of the LCC. This
is primarily due to the fact that these costs
are associated with the longest stage - using
- during their life cycle. In the final part of
article we have shown the practical

comparison of two investment projects with
using LCC and NPV.

2. Methodology
2.1. Accounting Approach of the Economic

Life Cycle and Standards

Life cycle costing (LCC) is special kind of
accounting which is used in Anglo-Saxon
countries as terotechnology. The using of
this approach is suitable for project
management, control and evaluation of
investment projects. The concept is based
on the possibility of show all costs and
revenues for the concrete investment
project include their all items and time
demand. The task of LCC is taken into
account the all actual costs and revenues
associated with some kind of an asset over
its economic life-cycle and at the lowest
possible total cost. The important
information (as how much and which
relevant costs were expended in all period
of the economic life cycle for the analyzed
asset or investment) are collected through
LCC.

This paragraph compares the approach of
the traditional finance accounting with the
concept Life cycle costing which is
involved to  strategic = management
accounting. The finance accounting is
focused directly on the acquisition prices,
depreciation, and asset residual value.
These values are collected by using the
applicable accounting rules and procedures
(GAAP/IFRS/local accounting standards).
It is natural that the using of the classical
accounting is not suitable for assessment of
the actual costs and benefits associated with
the asset. The reason is the complexity of
investment  opportunities. The further



different approach is financial accounting -
a useful measurement of assets by
comparison with the real economic life.

2.2. Asset  Cost  Breakdown and
Economic Life

LCC analysis is based on many costs

inputs. More it usualy requires much

different information for the project life

cycle phase costs calculation. Economic

life cycle total costs are usually considered

with the implementation on the market.

LCC analysis includes all costs to be

evaluated. Costs wusualy include the

tendered sum (purchase price/investment)

and as a minimum the energy cost, but

often, also maintenance and other relevant

costs that must be defined in the inquiry

information. (Spickova & Myskova, 2015)

The relative costs, cost-saving benefits and

added value of a green roof versus a black

roof over a 50- year timeframe was then

accounted for and discounted back to

present value. Six separate cash flows were

created to allow data segregation and

identification of the relative benefits:

* Installation, replacement and
maintenance

o Storm water

* Energy

The cash flows from the following benefits

were not included in the analysis:

 Urban agriculture

 Acoustics

2.3. Assumptions

Users should be aware that the intent of this

analysis is to present “average” costs and

benefits on avery broad level.

This analysis developed a standardized cost

for both intensive and extensive roofs using

the federal prevailing wage rates for

Washington DC, and current material costs.
As demonstrated in Figure 21, extensive
green roofs are approximately $6 to $8 per
square foot cheaper to install than semi-
intensive green roofs, and in both cases
larger green roofs cost less per square foot
to install than smaller green roofs.

Green roof maintenance

The first years of a green roof’s existence
are considered an establishment period, in
which maintenance is critical to the roof’s
long-term  success and maintenance
requirements are greatest. Maintenance of a
green roof includes weeding, harvesting
cuttings and distributing them in bare spots
to improve coverage, checking for loss of
growth medium, and inspecting for other
potential problems. Maintenance costs will
be higher any time a green roof includes a
landscaped design, as workers will also
need to spend time maintaining the design
aesthetic. A typical maintenance crew
includes two workers, though more may be
needed for a larger roof. For this study,
labor hours were rounded up to the next
half-day for cost estimating purposes.

A minimum of three maintenance visits per
year is recommended for an extensive
green roof during the establishment period.
The typical labor requirement is 4 person-
hours per 1,000 square feet per year, or
1.33 person-hours per 1,000 square feet per
visit. Maintenance requirements  will
decrease after the establishment period; this
analysis assumes a reduction to two visits a
year for this type of green roof.

Results

The results presented below are itemized to
show the relative differences in costs and
benefits, in an effort to help the reader to



understand the relative impacts on the costs
and benefits of installing a green roof.

Life Cycle Cost Analysis of Green roof



Roof Size (ft?)
PARTICULARS

5,000 | 1,0000 | 5,0000
Initial Premium, $/ft* of roof -$12.6 | -$11.4 | -$9.7
NPV of Installation, Replacement & maintenance, $/ft* of | -$18.2 | -$17.7 | -$17.0
roof
NPV of Storm water, $/ft*> of roof (savings from reduced | $14.1 | $13.6 | $13.2
infrastructure improvements and/or strom water fees)
NPV of Energy, $/ft* of roof $6.6 |$6.8 |$8.2
(energy saving from cooling and heating)
Net Present Value $2.5 $2.7 $4.5
(installation, Maintenance & Replacement + storm water +
energy NPV)
Internal Rate of Return 50% |52% |59%
Payback, years 6.4 6.2 5.6

Table 1 Cost Benefit Analysis results of green roof v/s black roof (GSA, 2011)

4. Discussion and Conclusion

The added cost of installing a green roof is
mostly made up for by its increased longevity;
however, the added maintenance costs are
significant. Over a b50year period, the
stormwater, energy, carbon dioxide equivalent
(CO2e, which measures the potential global
warming effect of a greenhouse gas) and
community earnings of green roofs more than
made up for the increased premium of
installing and maintaining them.

Although building and site characteristics,
stormwater regulations and energy costs vary
greatly, long-term savings of green roofs help
make up for their maintenance costs. The fewer
floors a building has, the greater the energy
savings will be. The greater the surface area of
a green roof as a proportion of the overall site
surface area, the greater the stormwater
management savings will be. These savings are
expected to increase as stormwater regulations
become more stringent and green roofs are
increasingly viewed as an acceptable
stormwater mitigation measure.
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Abstract: The desire for building houses is booming in Nepal in this post earthquake phase. People want
to move from temporary shelter to their permanent house as soon as possible. Diffe rent organizations
from different countries have extended their helping hands in every possible way. Be it technical
assistance or financial aid. Hence this phase can prove a great opportunity through sustainable approach.
One of way to make greener, environme ntally sustainable, more energy efficient Ne pal can be application
of sustainable building materials. Sustainable building materials include structure, infill panels,
furnishing and fittings and a whole system in case of machines and plumbing. No materials can be 100%
sustainable but the degree of sustainability can be increased through improvements in various phases:
Pre-building phase, Building phase and Post-building phase. Small ameliorations can bring significant
changes in GHG emissions reduction, waste and pollution reduction, lower embodied energy, health and
environment. For the measurement of the sustainability different software has been developed. Even the
commercial sector has started distributing energy star, green labeled products in the global context.
Nepal is far behind in this sector as there are plenty of challenges like ignorance of people, gaps in policies
of government, lack of knowledge about indigenous and traditional materials among the technical groups.
Despite all these challenges, few projects have been launched catering the people, sustainability and
present de mands. Unde rstanding the examples going around the world, Nepal can also get be nefitted with
similar, contextualized and update d approaches.

Key words: Sustainability, Material life-cycle, GHG &CO, emission, Embodied energy, Economic
&Environmental costs

by the policy makers, building experts, local bodies
and local inhabitants for optimal utilization of
environmental resources so that reconstruction does
not come at the cost of huge deforestation,

1. INTRODUCTION:

Building has huge impact in environment.

According to UNEP (Sustainable Buildings and
Climate Intiative, nd), buildings use about 40% of
global energy, 25% of global water, 40% of global
resources, and they emit approximately 1/3 of
GHG emissions. It also adds that buildings also
offer the greatest potential for achieving significant
GHG emissions reductions, at least cost, in
developed and developing countries. Furthermore,
energy consumption in building can be reduced by
30 to 80% usng proven and commercially
available technologies. For developing country,
new green construction yields enormous
opportunities. Population growth, prosperity and
increasing urbanization fuel building and
construction activities. In Nepal, recent earthquake
of 2015 destroyed 2,02,157 houses fully and forced
victim families to settle into the temporary shelter
(Nepal Disaster Risk Reduction Portal, 2015).
Hence, it requires fast paced reconstruction of both
private residences, and public monuments. Nepal
has huge financial viability with significant
remittances, foreign donations and ads for
reconstruction. But there is huge question in terms
of safety of environment and its resources in the
name of reconstruction. Concerns are to be given

environmental pollution and health of people.
Concept of sustainable building material can play
key role to balance the reconstruction and
environment.

Green building materials, environmentally friendly
building materials, sustainable building materids,
though the names are different but the gist is same.
By definition given by David Rousseauy,
Environmentally-friendly building materials are
those that provide appropriate service and life
span, with minimum maintenance, while
minimizing the extraction of raw materials, the
pollution from, and energy consumed by
manufacturing and use, and that have the
maximum potential for reuse or resource recovery
(Rousseau, nd). Sustainable building materials may
come from the traditional, vernacular architecture
such as earth, stone, timber, bamboo, or they may
come from improvements of existing industrial
processes analyzing life-cycle-analysis, or they
may came from new process or raw material inputs
such as industrial waste. With an approach of
sustainable building material, individuad buildings
and overall cities can be made sustainable.
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2. OBJECTIVES:

The main objective of this article is to introduce
sustainable building materials for reconstruction of
Nepal after April 25 2015 Earthquake. For that it is
foremost to identify the criteria of sustainable
building materials, factors for selection. Then after,
to evaluate the present building materials in term of
sustainability and learn about the possible scope of
other sustai nable building materials as well.

3. LIMITATION:

This article is an outcome of secondary data only.
There was no any kind of field survey made for
this. With the help of literature review of some
selected articles and other references articles, this
article is prepared. Also, the article is limited only
as part of the classroom assessment than some
research product.

4. LITERATURE REVIEW:

Three articles were read to learn about the
sustainable building materials in holistic way.
To contextualize in Nepal, more reference articles
has been studied. Those articles are solely taken
from the internet access. From those articles certain
framework has been developed and elaborated
likewise. Following are three articles:
- Sustainable Building Module
Written by
Jong-Jin Kim, Assistant Professor of Architecture,
and Brenda Rigdon, Project Intern
- Sustainable Building Module
Written by
Jong-Jin Kim, Assistant Professor of Architecture,
Brenda Rigdon, Project Intern;
- Sustainable Building Solutions
By Pierre Roux and Alex Alexander
Anyway solutions

4.1 Phases of materials:

Every material has been evaluated in different
phases of life in order to make “cradle to grave”
analysis. By this, analysis starts from gathering of
rav materials to ultimate disposal. Despite the fact
that prime basis of categorizing pre- building,
building and post- building phase, for the material
life-cycle. One of the inclusive categorization from
the 3 selected articles as given in Sustainable
Building Module is as follows (Kim & Rigdon,
1998):

A. Manufacturing Process (MP)

a) Waste Reduction (WR)

b) Pollution Prevention (P2)

¢) Recycled (RC)

d) Embodied Energy Reduction (EER)
€) Natural Materials (NM)

B. Building Operations (BO)

a) Energy Efficiency (EE)

b) Water Treatment & Conservation (WTC)
¢) NonToxic (NT)

d) Renewable Energy Source (RES)

€) Longer Life (LL)

C. Waste Management. (WM)

a) Biodegradable (B)

b) Recyclable (R)

¢) Reusable (RU)
d) Others(O)

4.1.1 Manufacturing process:

This phase has the most potential for causing
environmental damage as it includes extraction,
processing, packaging, transportation for a
complete manufacturing process. Herce, the wise-
selection of building materials in this phase can
lead to minimal environmental impacts. From
procurement method of raw materias,
manufacturing  process, to distance from
manufacturing location to the building site affect a
lot in mining process, embodied energy and
ecosystem. Disturbance in ecosystem can lead to
the loss of wildlife habitat, erosion, and water and
air pollution. Selection of materials from
environmental ly regponsible manufacturer
encourages their efforts at environmental pollution.
Also environmental pollution can be reduced by
simply reducing demand, which causes lower
production and eventually lower waste. Likewise,
the waste reduction can be possible from both
architect’s side as wedl as manufacturer side by
maintaining size of building as per the size of
materials and by powering the operations from the
waste products generated on-ste respectively. The
products that are made up of post-industriad or
post-consumer waste partially or entirely are a part
of sustainable materials. Because they reduce the
waste stream, demand on virgin natural resources
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reduces and preserve embodied erergy. Embodied
energy of material refers to the total energy
required to produce that material, fuel used to
power the  manufacturing  process and
transportation. Embodied energy can be reduced by
utilizing natural materials and local materials. But,
it is not always possible to use locally available
materials. In that case imports can be made but
they should be used selectively small a volume as
possible. Lastly the use of natural materials over
the mined materials is good because the embodied
energy of natural materials is lower than the mined
materials.

4.1.2 Building Operation:

The second one is building operation where
material’s useful life is encountered from
material’s assembly into a structure to maintenance
and repair. Use of certain products which outgases
hazardous chemical should be replaced or repaired.
Likewise, health of construction workers,
occupants should be primary concern while
selecting the materials. Use of toxic materials,
problem of indoor air contamination can cause
‘sick building syndrome’ and other diseases.
Another major factor of sustainable building
material is energy efficiency. The ultimate goal in
using energy-efficient materials is to reduce the
amount of generated energy that must be brought to
a building site. Energy efficiency can be measured
using factors such as R-value for building
envel opes, insulation materials, shading coefficient
for the glass types, shading devices and glazing
patterns and system efficiency for electrical and
mechanical systems. System efficiency can also
significant for the treatment and conservation of
water, harvesting rain water, utilization of grey
water. It is also important to note that sustainable
building materials is not limited to the construction
materials but it covers those machinery equipments
which can utilize the renewable energy (Geo-
thermal energy, Wind energy, solar energy) for the
well functioning of the building. For instance; solar
water heater, solar PV panels etc. On the other
hand, life span of the materials should be
considered aswell. The materials having longer life
doesn't need more maintenance, repairing or
replacing which obviously means the labor costs
for repairing, maintenance and replacing of the
materials. Likewise, the consumption of raw
materials, waste and pollution production during
manufacturing of new one to replace older ore can
be avoided.

4.1.3 Waste Management:

In waste management, the life of materials after the
proper life span is considered. Materials can be
reused in its entity, or recycled back or be
discarded. Reusahility is a function of the age and
durability of a material. Windows and doors,

plumbing fixtures, and even brick can be
successfully reused. Timber from old barns has
become fashionable as a reclaimed material for
new construction. Recyclability measures a
material’s capacity to be used as a resource in the
creation of new products. Steel is the most
commonly recycled building materid, in large part
because it can be easily separated from
construction debris by magnets. Glass is very easy
to recycle: post-consumer glass is commonly used
as a raw material in making window glass, ceramic
tile, and brick. Concrete, unlike sted and glass,
cannot be re-formed once set, but it can be ground
up and used as aggregate in new concrete or as
road bedding. The biodegradability of a material
refers to its potential to naturally decompose when
discarded. An important consideration is whether
the material in question will produce hazardous
materials as it decomposes, either alone or in
combination with other substances.

4.2 Labeling Of Materials

Labeling of the materials can be done manually,
commercialy or with the help of software. By
following below shown table, we can easily fill up
the features of the materials and know the label of
sustanability.

MP BO WM
WR
WTC R
RC NT RU
EER
LL

Figure 1: Green featuresof plastic lumber & paver

Mearwhile, developed country use the various
software for the marking the sustainability of the
materials. Some of the software that has been
developed around the world are BEES National
Institute for Standards and Technology) and
ATHENA (Canada, sustainable Materials
Institute), LCAIT from Sweden, IDEMAT,
Netherlands, GaBi4 from Germany. For the
selection of material in the market, one can just
simply see the green rating or energy star of the
material (Rousseau, nd).
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4.3 Scope

4.3.1 Scope in Rural Areas:

There is wide scope of sustainable materials in
rural areas where community understanding and
co-operation is strongly prevailed. The
characteristics of the house of rural houses are that
they are small, generally one-two storey, and load
bearing structure. The intensive human labor can
be utilized for producing sustainable local building
materials through in-situ produciton. Such as:
recycled materials and bricks made from building
rubble, earthbag construction, adobe bricks,
stabilized earth blocks, compressed sand bricks and
hydraform bricks. Those materials are loca and
unprocessed building materials with  minimal
transport costs and manufacturing energy and air
pollution. Depending upon the opportunities and
weakness of a particular place, selection of
materials can be done. For eg.. Reused and
recycled building materials can be used if the
demolition site is near to the site (5km). Similarly,
sandbag houses can be made where there is plenty
of sand. As for instance: Case study of sandbag
houses, Mitchell’s Plain (Roux & Alexander,
ND)where abundance of sand is more than the soil.
Also the use of indigenous sustainable materials
like adobe bricks, rammed earth can be used.
However, those sustainable materials should be
verified with respective embodied erergy and
standard high compressive strength bricks as per
the corresponding government rules.

b

)

.= [ .

Figure 2: Eco-beam & sandbag construction, SA

4.3.2 Scope in Urban areas:

The buildings of urban areas are more complex
than the buildings of rural areas with multi-
function, multi-storied and diverse consideration in
many components like structure, landscaping,
building envelopes etc. Wide range of sustainable
materials is available in the market for different
comporents. Since, the society of urban areas are
more isolated, elite and industry dependent, the
sustainable materials here used are industry
processed than human labor. Some of the examples

of sustainable materials for urban areas are as
follows:

Figure 3: Porous pavement system made from
recycled plastic lumber

Site &  Plastic lumber and pavers
landscaping

Foundations Insulated foundations.

Structural Steel framing

Framing

Building Straw-based sheathing

envelopes

Structural Bricks and CMU

envelopes

Insulation Insulation  made  from
Recycled newspaper

Glazing Doubled paned glass

Roofing Fiber-resin composition
roofing tiles

Interior Sisal wall coverings

Finishes

Flooring Integrated Flooring

Plumbing Vacuumtoilet system

ventilation Energy Recovery

ventilators

4.4 Environmental & Economic Costs
The sustainable building materials are tend to be
costlier other building materials due to
comsideration during manufacturing  process.
However, the first ime cost can be compensated
through the durability of the materials. The life
span and the first time cost of the material can be
compared against each other in terms of
environmental and economic cost. This particular
comparison is represented by a mathematical
formula, capitalization rate.
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The capitalization rate method works backward
from the value placed in a building in term of its
market price or rental income potential and
determines what it is economic to spend on it, given
certain interest rates, profit margins, and
depreciation allowances etc. if the market
definition if value can shift slightly to encompass
durability, environmental qualities and security
from future shortages of replacement materials or
escalation in disposal and replacements costs, then
investments in quality, environmentally friendly
materials can be better justified.

-David Rousseau (Rousseau, nd)

During the manufacture of the materials, certain
environmental resources are utilized in form of the
rav materials, land use or waste production. This
can cause habitat disturbance, breakage in
ecosystem. But if the life span of the material gives
enough time to heal the disturbed habitats, replace
the raw materials, absorbs the waste, then the
materials can be considered environmental
sustainable. On the other hand, the first ti me cost of
the materials should justify the maintenance and
repairing charge including labor charge, material
charge etc.

4.5 Practices in Nepal:

Various attempts have been made by various
organization and government itself for sustainable
building practices because  GHG, CO,,
environmental pollutants are emitted while
manufacturing the building materials. Those
harmful emissions are responsible for climate
change, environmental pollution  causing
devastating effect on Nepal like melting of snow in
the mountains, untimely rainfall and health
hazards. In order to minimize (short-term target),
prevent (long-term target) in coming years, various
steps should be taken. There are some significant
initiatives as well.

4.5.1 Green homes:

Green Homes — the Sustainable Housing is
developed by UN-habitat Nepal (UN-Habitat
Nepal, ND). It is an approach that includes housing
systems which reduce pressure on ratural resources
and carbon emissions, thus resulting in human
wellbeing, social equity, and promotion of green
economy. Besides energy efficiency in buildings, it
also includes eco-friendly practices for water and
waste management systems such as rainwater
harvesting, and waste/wastewater recycling. Green
homes are more than just green buildings — they
reflect a sustainable lifestyle based on eco-friendly
systems and behavior. At present, Green homes are
preparing to develop at the three major cities;
Dharan, Pokhara and Lalitpur

Features of Green Homes:
Use sustainable and environment friendly
building materials
Energy efficient and comfort design
Conserve energy and water
Produce | ess waste in the process
Improve indoor air quality

4.5.2 ABARI:

ABARI is a socially and environmentally
committed research, design and construction firm
that examines, encourages, and ceebrates the
vernacular architectural tradition of Nepal. As
Nepal posses sophisticated traditional knowledge
of natural materials like adobes, bamboos, stones
and reed, ABARI as a research and design firm that
ties to promulgate these materids into
contemporary design practices. The main purpose
of the company is to find alternate natural building
materials for concrete and steel. Instigated by
environmental consciousness, health, aesthetic and
economic reasons that people are showing-even
small-a reinvigorated interest to go back to natural
building materials like adobe and bamboo. ABARI
is seeing modest institutionalized effort to
reinvestigate traditiona natural materials so that
they can be re-appropriated to cater to the modern
requirements in Nepal (ABARI, nd). Some of their
works are Madan Puraskar Pustakal aya, Naomi and
Narayan Residence etc.

4.5.3 Vertical Shaft Brick Kilns and other
Sustainable Practices:

This project is implemented as part of the EU
financed SWITCH-Asia Programme to promote
Sustainable consumption and Production (SCP) in
Asia (Sustainable construction Newsletter, 2013,
Issue 1). The main objective of this project is to
reduce the energy consumption and CO, Emissions
from the brick and construction material sectorsin
urban and semi-urban aress in Nepal. Secondly, the
commercia sector for green building production
will be mobilized and capacitated. Third,
conduction awareness program through marketing
events and workshops among the public and inform
customers alike about the major benefits and
choices of cleaner and low energy building
materials.

Vertical shaft Brick Kilns:

This is a clean green brick firing technology that
has evolved from the traditiona up draught kilns in
rural China. The main element of the VSBK is the
vertical shaft (of rectangular or square cross-
section) in which the brick firing takes place. It is
very energy-efficient and has the lowest CO,
emissions. Since the beginning of 2013 alone, eight
new VSBK brick factories had started brick
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production in various districts with technical
support provided by this project.

Figure 4: Section of Vertical Shaft Brick Kilns

5. CONCLUSION:

Growing concerns on environment, energy, health
and economic cost have raised the approach of
sustainable building materials. Many organizations
are working for greener, environmentally
sustainable, more energy efficient Nepal.
Organizations aong with donor agencies and
government have started many projects. From
providing technical assistance to ready to move in
projects has been seen in the field. However, only
projects are only continuing due to different other
technical reasons. Mobilization of these resources
properly and appropriately helps the concept of
sustainability flourish. And this reconstruction
phase that April 25 2015 earthquake has brought
can prove boon to Nepal for developing sustainable
city, town and village.

6. RECOMMENDATIONS:

Since Nepal is in its embryonic stage in utilizing
sustainable building materials. There are plenty of
suggestions that can be made for proper application
of the materials.
Market should be provide the sustainable
building materials with certain marks like
energy star, green labeling etc to help in
selection of the materials from market.
Government should draft the policies and
regulations on sustainable building materials
for mandatory use.
Government should also come up with
different scheme like subsidy, incentives for
encouraging the use of sustainable building
materials. This can cater the lower income
group and environmental conscious
manufacturers.
The technical experts should be educated with
traditional, indigenous sustainable materials
like adobe, earthbag constructions in order to

retain the vernacular character of a particular
place.

There should be certain certification as reward
and ranks for the buildings which have applied
sustai nabl e building materials.

There should also be standards for inspection
of strength, embodied energy of the
sustai nable materials.

There should be research centers on our own
for research on sustainable building materials
rather than coping some devel oped countries.
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Evaluation of Biogas Production from Digestion of Rice Straw and Market Wastes
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Abstract: The study carried out the evaluation of potential use of rice straw and organic fraction of market wastes to
generate biogas by other anaerobic digestion. A set of 1.5 L digesters were used to determine the biogas potential of the
biomass and aset of 10 L digesters were used to evauate the effect of feeding mode. In the case of rice straw, a maximum
biogas of 10 L/kg VS was produced on the day 20 at a controlled temperature of 320C. For market waste, a maximum
biogas of 50 L/kg VS was produced for the same period of digestion, which was 60% higher than that at ambient
temperature. Digester fed on rice straw with 75% fresh feed replacement produced 42 L/kg VS, higher compared to 50%
fresh feed replacement. The digester run at 50% fresh feed addition showed higher rate of biogas generation in the early
stage of fermentation and shorter lag phase because of its higher concentration of acclimated sludge. For the case of
market waste, digester run with 75% fresh feed resulted in the biogas production of 40 L/kg VS, higher than that run on
50% fresh feed. However, both were lower compared to the control digester that produced 52 L/kg VS.

Keywords: Biogas, Anaerobic digestion, Market wastes, Rice straw, Cow dung

Introduction

In evaluating national development and the
standard of living of any nation, the supply and
consumption of energy are very important. The
overdependence on fossil fuels as primary energy
source has led to global climate change,
environmental pollution and degradation, thus
leading to human health problems. According to
current research and future predictions, the crude
oil will run out within 40 to 70 years, and natural
gas will be finished within 50 years.[1] Biogasis a
carbon—neutral source of renewable energy. It
presents competitive source energy in terms of
energy efficiency and its minimal environmental
impact[2] Abundant quantity of agriculture
residual and market wastes are available in our
surrounding environment. In most cases, these
wastes become burden to environment when treated
improperly by burning or being left decomposed
without control. The application of anaerobic
digestion technology simultaneously converts the
organics of biomass into valuable products such as
energy in the form of biogas and soil improver in
the forms of liquid fertilizer. Energy productions
from biomass or organic wastes were considered as
a renewable energy source, because the methane-
rich biogas produced is suitable for fuel gas. It can
replace liquid petroleum gas (LPG) in household
uses.[3] Rice straw and organic fraction of market
solid wastes (mainly consists of residual fruit and
vegetable wastes) are potential biomass to
produced biogas. Chemical composition of rice
straw is influenced by several factors, such as
paddy variety, growing location, and type of
fertilizer applied. In Indonesia rice straw usually
contains 40-43% carbon, 0.4% nitrogen, 0.02 %
phosphor, 1.4% potassium, and 5.6% silica.[4] This

research work evaluates the potential of rice straw
and organic fraction of fruit and vegetable wastes
to generate biogas. In particular, the effect of
varying the mode of feeding during semi-
continuous fermentation process was i nvesti gated.

Materials and method

Materials

The material for the experiment was rice straw
obtained from paddy field, and the organic fraction
of market solid waste collected from traditional
market in Bogor (Gunung Batu and Laladon). The
materials were chopped to about 2 cmin size. Fresh
cattle manure obtained from cattle farm was used
as seeding of the anaerobic bacteria.

Equipment

Digesters with the capacity of 1.5 L and 10 L were
used in the experiments. A set of 1.5 L Erlenmeyer
flasks was used as the smaller digester. The gas
production was measured by the water
displacement method.

Results and Discussion
Biomass Characteristics

Table 1 presents the characteristics of several types
of biomass in terms of its total and volatile solids.
The rice straw used in this experiment was not
fresh straw, but a few days old (after harvested)
Straw.



Table 1. Characteristics of various types of biomass

. Volatile
Moisture Total .
Types of Content Solid 5 Solids 5
Biomass (%) (%) (% %
wb) db)
Rice Straw 18.70 81.30 53.24
65.47
Market waste 82.57 17.43 15.2
of Gurung Batu 87.19
Market waste 94.05 5.95 5.12
of Laladon 85.96
Cattle manure 84.23 15.77 125
79.27
Bananapeel 87.61 12.39 | 10.50
84.70
Cabbage 93.00 7.00 6.52
93.08
Pineapple 86.61 13.39 | 12.73
95.07

source4]

Biogas Production Potential

Small digesters with working volume of 1.5L were
used to determine the biogas production potential
of severd individual types of biomass. Experiments
were run at room temperature for 45 days. At the
initial state of fermentation the gas production rate
was higher due to the content of relatively easily
degradable organics. Rice straw generated the
smallest amount of gas production, about 8 L/kg
VS, which was reached after day 40 of
fermentation.
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Figure 1. Profile of cumulative specific gas production of
several types of biomass (j rice straw, P banana peel, x

cabbage, Y market waste of Gunung Batu, ©
market waste of Laadon, E pineapple peel)
source4]

Organic solid waste collected from Gunung Batu
market generated the highest production of biogas,

about 32 L/kg V'S, which was reached after 35 days
of fermentation. The market wastes have shown to
be more easily degradable than the rice straw. The
individual type of biomass, such as banana and
pineapple peel as well as cabbage generated gas at
the amount between that of rice straw and the <olid
wastes mixture. The slower rate of gas generation
of rice straw was due to the high content of
lignocellulosic materials. Therefore, pre- treatment
is required for rice straw to improve its rate of
hydrolysis. The pre-treatment needed could be
physical (such as size reduction), chemical (such as
alkali addition), or biological treatment (such as bio
oxidation and enzyme application).

Effect of Temperature

The similar experiment was also conducted using
the same digesters at a controlled temperature of
32°C. As shown in Figure 2 the rates of gas
production for both types of biomass were higher
than those at ambient temperature. In the case of
rice straw, a much shorter fermentation time of
only 17 days was required to get the maximum
specific gas production of 10 L/kg VS. For market
waste, the higher cumulative gas production of 50
L/kg VS was obtained in less than 20 days of
fermentation. As shown in Figure 2 specific gas
production of market waste was higher than that of
rice straw. The methane producing bacteria operate
most efficiently at temperatures 30°C — 40°C or
50°C-60°C[1]
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Figure2. Cumulative specific gas production of the
digesters run at 32°C (¢, rice straw and % market waste)
source4]



Mode of Feeding

Biogas Generation

This experiment was conducted to evaluate the best
feeding mode when the digester was run in semi-
continuous operation. Digesters were initially run
until @ maximum gas production was achieved.
Three modes of feeding were done by replacing
50%, 75% and 100% of digester content with new
fresh biomass. Figure 3a shows that 75%
replacement of the old digester content with fresh
rice straw resulted in biogas production of 42 L/kg
VS, much higher than 50% replacement, which

only generated 16 L/kg VS.
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Figure 3. Effect of feeding mode on biogas
production (a) rice straw and (b) market waste:
control digester (¢.), 50% fresh feed (34) and 75%
fresh feed (p)

source:[4]

Similarly, with market waste, 75% feed
replacement also generated 40 L/kg V S specific gas
production which is higher than 50% feed
replacement, which is 31 L/kg VS (Figure 3b). It
was noted also for rice straw biomass that both
50% and 75% feed replacement led to higher gas
production rate at earlier stage of fermentation (see
figure 3). But at a later stage of fermentation, the
gas production rate of digester with 50% feed
replacement decreased and ended up with the
lowest total biogas production as compared to 75%
feed replacement. This could be explained that
digester run at 50% feed replacement contained the
lowest organic load. The digester run at 75% feed
replacement generated the highest gas production
because of the higher organic fraction. Different
response occurred in the digesters fed on market
wastes. Values of biogas production rate in control
digester, 75% feed replacement and 50% feed
replacement were 560 mL/day, 410 mL/day and
360 mL/day. Figure 3b shows that the gas rate and
the maximum gas production were a function of
organics load. The higher the organic load the
higher the gas rate and the cumulative gas
production. It is suggested that digested slurry of
previous batch of fermentation should not be
emptied completely, but a certain quantity should
be mixed with the new feedstock to improve biogas
production.[5]

Conclusion and recommendation

Conclusions

The results of the experimental works showed that
the anaerobic digester performance was strongly
influenced by the type of biomass, process
temperature and feeding mode. Faster biogas
formation was observed in the digester fed on
market waste biomass, which contained more
proportion of easily biodegradable materials
compared to that fed on rice straw.

The mode of feeding 75% of replacement by
market wastes produce more began than 50% feed
replacement as it contains more organic wastes.
Similarly for rice straw, at the first stage maximum
biogas was produced by 50% and 75% feed
replacement. At later stage, production rate with
50% feed replacement decrease earlier than 75%
feed replacement.

The anaerobic digestion of residual agriculture
biomass enabled the recovery of organic carbon
and nutrients of the biomass into biogas as source



of energy and digestate and leachate as vil
improver and fertilizer.

Recommendation

The biogas formation for both types of biomass
was still lower. Biogas formation can be increased
by improving the feed composition such as co-
digestion of two or more types of biomass. Co-
digestion of vegetable or food wastes with animal
wastes has better efficiency of biogas production.
Co-digestion enables the deficiency in one type of
substrate to be compensated with the other co-
substrate.
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Abstract: Sustainability and Sustainable Developments are the current issue in the developing and
developed Nations. Among the three pillars of sustainable development, one of the aspects i.e. social
sustainability has been taken into consideration as gap has been found while doing the literature review
on the sustainability. The main aim of this research is to study the urban social sustainability and its
various contributing factors in the context of the oldest heritage area of Kathmandu valley. i.e.
Kathmandu Durbar Square. On the basis of the literature review and field observation, this article has
been researched. This study can be used by the students, Urban designers, planners, those who are
working in the field of Sustainable developments etc.
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1. INTRODUCTION

The word “Urban” is simply defined as the city or
densely populated area where all the facilities are
available. Such as Transportation, Communication,
Shopping Complex, Schools, College, Hospitals
etc. The Former Norwegian Prime Minister , Gro
Harlem Brundtland defined sustainable
Development as the development that “meets the
needs of the present without compromising the
ability of future generations to meet their own
needs.” Social Sustainability is the sustainability in
a social manner. Therefore, Urban Social
Sustainability is the sustainability in the Urban
area in the case of Kathmandu Durbar Square
which is one of the oldest Heritage Zone in Nepal.

Sustainability is the most renowned topic these
days in every parts of the world. It consists of the
three pillars. i.e. social, economic and environment
which are interdependent with each other. Such as
Society depends upon environment and economy
for carrying out any kind of activity, Economy
depends on the status of society as well as
favourable and non- favourable environment.

Similarly, environment depends on the society as
well as the economy. Among these three pillars of

Sustainability, economy and environment pillars
are considered most whereas the social pillar is the
poorest one which have been neglected.
(Ghahramanpouri  A. et al.,, 2015)Various
definitions of social sustainability has been
proposed by the authors. “According to Laguna,
Ahman and Colantonio, social sustainability is
concept intangibility in compare to more tangible
and measurable concept of environmental and
economical sustainability. According to Littig and
Griessler, use of other social concepts, theories,
instead of defining the concept itself, the
multifaceted nature of social sustainability that
causes existence of several definitions depending
on varying scale, scopes and perspectives, related
to dynamic characteristics of the concept as it is
associated with people and society and their
changing needs and conditions.” (Ghahramanpouri
A. et al., 2015) Therefore, the social sustainability
is one of the vague topic and very difficult to
theorize. Among the studies conducted, the social
sustainability in the context of Kathmandu has not



been focused and taken into consideration.
Similar  the research on urban areas, its streets
which include public spaces such as Kathmandu
Durbar Square has not been conducted. Therefore,
there seems to be gap on the Urban Social
Sustainability issue in the context of Kathmandu
Durbar Square.

2. OBJECTIVE

The General objectives are:

8 To study the Urban Social Sustainability
in the context of Kathmandu Durbar
Square.

The Specific objectives are:

§ To study the Social Sustainability in the
live streets of Kathmandu Durbar Square.

8§ To find out the components of Social
Sustainability.

§ To find out the Urban Social
Sustainability dimensions in public space.

3. RESEARCH QUESTION

To adequately achieve above objectives, the
following research Questions are formulated. They
are:
8 How the social aspects of Sustainability
are Context dependent?
8 What are the social sustainability aspects
in the case of Kathmandu Durbar Square?
8 How is social sustainability maintained in
the streets of Durbar Square?
8§ How can social sustainability be
improved?

4. LITERATURE REVIEW

Social sustainability is about people’s quality of
life, now and in the future. It describes the extent
to which a neighbourhood supports individual and
collective  well-being.  Social  sustainability
combines design of the physical environment with
a focus on how the people who live in and use a

space relate to each other and function as a
community. It is enhanced by development which
provides the right i nfrastructure to support a strong
social and cultural life, opportunities for people
toget involved, and scope for the place and the
community to evolve. (Group, 2008)

The framework consists of four dimesions:
“infrastructure and social amenities”, “voice and
influence”, “social and cultural life” and “change
in the neighborhood” which are underpinned by 13
indicators. Data from 45 questions in total created
the results for each indicator. Primary data was
collected through a face-to-face residents’ survey
and a site survey. (Group, 2008)
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There is increasing global interest in social
sustainability, amongst policy makers,
governments and the various agencies involved in
the process of house building, planning and urban
regeneration. The term originates from the ‘three
pillars’ of  sustainable  development —
environmental, economic, social — which date from
the 1987 Brundtland Commission to the United
Nations. The former Norwegian Prime Minister,
Gro Harlem Brundtland, defined sustainable
development as development that “ meets the needs
of the present without compromising the ability of
future generations to meet their own needs”. Over
the past decade a body of academic research has
emerged that has attempted to define and
conceptualize social sustainability and to map out
its key characteristics and principles. (Group,
2008)
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Fig - 3 Urban Social Sustainability: contributory factors
as identified in the review of Literature

Another component of social sustainability is the
inclusion and participation of multiple perspectives
and individuals including the public. There is a
large volume of literature on public and
stakeholder participation in environmental decision
making and this can be extended to sustainability.
(Rogers S.H., 2013)

Following figure presents a diagram indicating
influencing urban social sustainability dimensions
in public spaces such as connectivity, Legibility,
sense of place, preservation of local characteristics,
safety, comfort, public services, social amenities,

inclusiveness and diversity. (Ghahramanpouri A.,
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Fig - 4 significant factors affecting social sustainability
of urban places

5. METHODOLOGY

In my research, the methodology | followed was
the descriptive, explanatory and based on field
observation. This research has described about
what the third pillar of sustainability i.e. social
sustainability is and why is it important in the
developing and developed countries like Nepal.

The research is based on the Positivism/ Post
positivism paradigm as well as Constructivism
paradigm. The data’s are all taken from the
literature and the perception of the people, their
behavior was taken with the help of
Constructivism paradigm as it is based on
subjective reality.

The most important part that | did was the
Literature Review which was the key foundation
for conducting this research. The definitions and
the case studies that were done in the literature
review has helped me to write an article on “Urban
Social Sustainability: In the context of Kathmandu
Durbar Square” which has not been taken into
consideration as the important aspect of social
sustainability. During Literature review, the case
studies that were studied were: the journal on U
ban Social Sustainability Contributing Factors in
Kuala Lumpur Streets, city of Vancouver, in
Australia, the study performed by Porta and Renne
(2005) about the social sustainability on small-



scale built environment units i.e. street, utilizing
formal indicator concept, the study on social
sustainability of Urban Renewal projects in Hong
kong. Also, the articles on social capital and
walkability as social aspects of sustainability and
social sustainability and new communities: moving
from concept to practice in the UK.

The tools for data collection in this research are
Literature reviews on the definitions, operational
themes, succeeding factors, Reviews on the case
studies as well as field observation. After the
review, the field observation was done on the basis
of the social themes and social characteristics
which were mentioned in the first article. i.e
Urban social Sustainability Contributing factors in
the street of Kuala Lumpur. The field observation
on walkability and social capital were also done.

After taking the data’s from the literature and field
observation, the various components and the
themes were analyzed on the basis of comparison
and the findings have been drawn. Finally, the
conclusion has been drawn based on the literature
review, field observation and analysis.

6. STUDY AREA

The study area of my article is the Basantapur
Durbar Square area which is one of the World’s
Heritage Sites and lies at the heart of the
Kathmandu. It is the Durbar Square complex area
with the Gaddi Baithak, Museum, Kumari home,
dabali, shiva parvati temple, Nautale Durbar etc.

7. RATIONALE OF STUDY AREA

Basantapur area, being located at the heart of the
Kathmandu i.e. near New Road, being one of the
area for its cultural heritage, being the centre area
for carrying out the festivals such as Indra Jatra,
Fagu Purnima etc., lying in the traditional Newari
settlement and the availability of vegetable
markets during the morning and evening hours, it

is very important to know how the social
sustainability is going on in this multifunctional
area and is it sustainable or not.

Also, the area is found to have carrying our certain
social programs like musical programs, arts
related, culture related programs, blood donation
etc. and various group of people from the children
to the adult and old age, couples, families etc, are
found to be spending their time in this area.
Therefore, it is very necessary to know about the
issues related to the Social Sustainability in this
area.

8. FINDINGS

Field Observation

Kathmandu Durbar Square area has the mixed land
use such as Residences, traditional markets,
cultural heritage etc. This area mostly comprises of
the stones for the pavement and there is the
continuous flow of people especially in the
morning and evening. especially, this area in the
morning is found to be crowded because of the
cultural, religious belief of the people as well as
due to the vegetable market and in the evening,
gatherings of the couples, family members etc to
get the fresh air as well as to spend their time with
their family.

Due to the rules made by Municipality, the
vehicles such as car, motorbike, vans etc are not
allowed in this premises which is promoting the
social sustainability as well as reducing the noise,
pollution and the crowd in the complex area. Now-
a—days due to the damage made by the earthquake,
the huge vehicles are prohibited.

9. RESULT

Therefore, by comparing the Literature review and
the field observation, it is clear that the Kathmandu
Durbar Square has its social sustainability. And
also after the earthquake, people do their



gatherings there with their friends and family
members. Especi the teen agers and the
younger generations are found to be hanging
around this area after 5 ‘o clock in the evening
after they are off from their workplace, college etc.
The dabali’s which are the hard open areas have
been used by the people for various purposes like
the gossiping, playing, displaying antique
handicraft items for sale, tea shops and people
around for the tea as well as their discussions.

Most of the people nearby are found to be Newars
so they do not find difficulty for buying
vegetables, fruits and any other thing as everything
is found nearby. The visitors also park their
motorbikes at the edge of the heritage area and
they walk around. For the tourists, the gates are
provided so for the entrance, they need to take the
ticket from the booth and the area is
pedestrainized. Hence this area is a walkability
area and the entry of vehicles in the early morning
and in the evening has created a problem regarding
the social sustainability.

CONCLUSION

Therefore, social sustainability is one of the
understudied topic which has been investigated
through this research in the heritage area of
Kathmandu, Nepal. There are various factors that
guide the social sustainability and also it is one of
the context dependent topic as it depends on the
people of the society, their culture, behavior etc.
the public spaces and the streets are one of the vital
part of the social sustainability because of its
livability of streets, the phenomena and the actions
that take place in the streets, squares and public
places during the festive time. The knowledge
about the social sustainability contribute to the
local authorities, Government, Urban planners and
Designers to provide more socially successful,
sustainable places and streets. When the
importance of the social sustainability and its
factors are realized and improved in the current
and future public spaces, it could be expected that
such spaces could serve the users for longer period

of time in the future in terms of social and
functio

RECOMMENDATION

This article is recommended for the urban
planners, designers, local bodies, government etc.
so that they could consider the social sustainability
issuein their future designs.
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Abstract: Nepal contains larger share of population living in rural areas. Increasing rate of
urbanization possesses challenges in energy planning. Energy gap can be decreased by
developing renewable energy units which is supplied through local distribution network. Various
studies related to rural planning and integrated energy planning have been studied in order to
comprehend contemporary scenario of subject matter. Biomass energy, solar energy, wind
energy, mini-micro hydro projects have been considered to alleviate energy poverty in rural
Nepal.
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Nomenclature

IEP  Integrated Energy Planning
ICS  Improved Cooking Stove
AEPC Alternative Energy Promotion Center

IAEA International Atomic Energy Association

Background

Remoteness possesses challenges in
everyday living. Mobility, housing
conditions, livability, ecology, land
quality, availability of natural resources
and as a whole human activity tissue
greatly differs with respect to remoteness
ascribing topology. Around 50% of world
population is rural population, which
pertains half of world population living in
rural environment, with exceptionally fast
growing urbanization. Rural scenario in
Nepal presents energy poverty, traditional
energy sources (low grade fuel sources),
economic disparity, degrading land
productivity, lack of agro-marketing
chain, lack of introduction of modern
agricultural technologies. While focusing
on energy situation of rural Nepal, 77

percent of the energy demand is met by fuel
wood, 9 percent by agricultural residues and
animal dung, 14 percent by imported
petroleum products, coal and electricity in
the energy consumption. (GoN, 2006)
Improvements in scope of procurement of
local renewable energy sources have been in
form of biogas, improved water mills,
hydropower electricity (micro and mini
hydro), solar energy and improved forms of
biomass. End use of energy in rural Nepal
may be broadly held to account for cooking,
lighting, motive power, agriculture and
transportation. Contemporary introductions
of urban transport characteristics has been
use of private-motorized-vehicle i.e.
motorbike;  bike Similarly,
increasing use of petroleum based fuel
consuming agricultural

culture.

machines for
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activities, and accessibility to modern forms
of electrical devices is resulting in feeling of
urban inclusiveness.

Earthquake of year 2072 B.S. (2015) resulted
in loss of built infrastructures in hilly regions
located east wards of epicenters. This caused
increasing demands and concerns for new
housing demands and infrastructural
development at earthquake affected regions.
Along with the need to rebuild and develop
the nation, it is a prerequisite for accessibility
to energy demands.

Access to better living conditions, aspiration
of economic development, social equity has
been essential for larger population share,
living in rural areas. The fact that, the rural
population of Nepal decreased from 86
percent in 2001 to 83 percent in 2011
(NepalMonitor, 2011) demands concerns for
planning. Policy making and development
practices should outline sustainable measures
to ensure rural development.

Introduction
Any planning activity that intrinsically or

extrinsically influences socio-economic and
environmental aspects of rural living can be
practice of rural planning. Its broad concerns
are related with people earning their living
and also preserving environmental, natural
and social resources of the place, i.e.
planning of human capital and physical
resources which differ to that of an urban

environment in density, municipal
governance,  clustered  services  and
infrastructures.  Increasingly  in  rural

planning, in addition to the concern about
equity and opportunity in urban versus rural
contexts, here is a concern about the
increasing economic gap between the affluent

and those in jobs that pay minimum wages.
(Dandekar, 2015)

Planning and Energy

Planning is a process of making
considerations for something. It is a strategic
approach to a condition to reaching a goal by
realizing its nature and needs. Planning
process comprises of rigorous study on the
phenomenon of what is being planned for. Its
objective is to ensure essentials for future.
Energy planning is an example of the need
for the vital role of government institutions in
ensuring that energy supply and demand
decisions made by all stake holders —
producers, consumers, investors, etc. — are
compatible with overall goals for national
sustainable development (IAEA, 2015).
Planning encompasses activities in its
entirety, hence role of energy plays crucial
role in producing desired output. Meeting
energy demands is a must for completion of
any planned activity. Hence, allocation of
energy, finding renewable sources, and its
economic-social and environmental
sustainability is sensitive issue when it comes
to sustainable energy planning solutions.
Supply and demand side management with
energy efficiency solutions is how mostly
planning practices have been done. Integrated
energy development approach views energy
not as a static good to be estimated and
supplied, but as a dynamic input capable of
catalyzing economic and social development.
(OAS, 1988) Integrated energy planning
strategies have evolved in recent years to
provide apt means to optimize energy
sources. Integrated energy planning is the
systematic analysis of all the factors that
influence the evolution of energy systems. It
facilitates problem solving and makes it
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possible to explore linkages, evaluate trade-
offs and compare consequences, thereby
helping countries to develop an effective
energy strategy that supports national
sustainable development goals. (IAEA, 2015)

Objective:

The objective of this writing is to discuss on
aspects of rural energy planning and its scope
in provision of local renewable energy
sources. Traditional energy is gradually
getting replaced by high grade fuels, such as
petroleum fuels, electricity, LPG etc. The
introduction of new sources of energy means
introduction of new measures to get an
activity done. This results in differences in
impact in  social, economical and
environment to that resulted by activities as
done during traditional times. Hence, while it
comes to matter of sustainability, energy; its
source, efficiency and availability need to be
carefully assessed.

Methodology:

This writing is based on literature review and
doesn’t contain findings from primary
research. Various secondary sources related
to subject matter have been studied to infer
renewable energy potential. As the scope of
writing is confined to preliminary case
studies of journal from various fields, all
pertaining to energy planning and rural
planning, there are limitations of this paper
regarding new findings and filling the
research gap. Input are solely based on
observation of contemporary scenario and
secondary reading materials.

Potential of renewable energy:

Nepal, rich in water resources, has huge
potential in harnessing electricity from
running rivers. The theoretical potential of
hydropower in Nepal is 83000 MW (GoN,

2006), of which about 50% is technically and
economically feasible. Our total generation is
around 800MW, which hasn’t met current
demands. Mini and micro hydro-power
projects are one of the means to ensure rural
electrification. It is source of renewable
energy that can be harnessed to ascertain
socio-economic benefits to the local and thus
alleviating rural energy poverty. Along with
this potential source, there ought to be
alternative sources of energy which is
renewable too. Solar energy, wind energy,
biomass energy and geothermal energy are
renewable energy sources that could be
tapped in our context. However, scope of
later occurs at more than 28 places in Nepal
(AEPC, 2008).

In Nepal, only 160,000 biogas plants have
been installed out of the installation
potential of 1.9 million biogas plants. (GoN,
2006) Introduction of Improved Cooking
Stove  (ICS) has  greatly reduced
consumption of firewood. Along with its
environmental benefits, it also has improved
indoor air quality of house, which has
positive relation to healthy living. There has
been savings in the energy consumption by
installing 250,000 improved cooking stoves.
(GoN, 2006) Similarly, in spite of huge
potential of solar energy, only 75,000 solar
home systems have been installed. Use of
solar energy for drying of crops and food
items has been there since ages. Solar drier,
although sparsely mentioned, has great
potential in aiding farmers in improving
their economic conditions. Uncertainties of
produce reaching in the market before it
spoils, has been one of the major concerns
for farmers living in remote areas, where
transportation is difficult. Use of solar drier,
could preserve the food items by removing
its water content. Preservation of food items
would ensure no loss in economy as well.
Marketing those dried food in required
packaging would not only ensure proper
marketing but also add value to the product.
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Hence, scope of solar drier in remote areas
could provide security against loss of
agricultural produce and enable marketing.
With regard to the wind energy, it has not
been possible to harness its potential. High
mountainous altitudes have potential of
wind energy. AEPC has been conducting
researches and its development since 1996.
A case in point is the Kagbeni wind power
project which was one of the biggest
projects to date. Installed in 1987 under
Danish Government funding it was able to
generate up to 20 kW before lack of
maintenance shut it down. (AEPC, 2008).
Up to now about 2,000 traditional water
mills have been improved. Only about 8§ MW
power is produced through micro hydro.
These efforts have made it possible to
provide electricity services to about 40
percent of the population in the country. In
the rural areas, only 29 percent of the
population has access to electricity. (GoN,
2006)

Conclusion:

Rural  development  strategies  should
incorporate exploitation of renewable energy,
sustainable practices which enhance socio-
economic benefits along with least impact in
environment. Decentralized energy planning
may be a solution to reduce energy poverty in
rural areas. (Nikolas & DimitrisC., 2016)
mentions, it is preferable to create
decentralized energy units and local
distribution networks rather than connecting
to the interconnected electricity grid lines in
remote settlements. In case of Nepal, there is
potential of micro-hydro projects to fulfill the
need of electricity in rural areas, where there
is feasibility. Potential of solar energy is yet
to be exploited in remote areas, where
surplus agricultural produce can be preserved
to market to urban centers. This has
implications on improvement of socio-

economical benefits, together with creation
of new working stations and new
employment opportunities.
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Abstract: Energy is essential to our daily lives. It heats our homes, fuels our transport and supplies our eectricity. At the
moment, most of the energy we use comes from fossil fuels such as oil, gas, coal and peat. Unfortunately there is alimited
supply of fossil fuels in the world and we are using them up at a very fast rate. The other downside to fossil fuels is that
burning them for energy also  produces CO,, a greenhouse gas, which causes climate change. That's where sustainable
energy comes in. In every building construction the use of sustainable energy or energy efficiency technology should be
applied to reduce resource consumption, save money in the long run, and instill the i mportance on environmental sustaina-
bility. So, Energy efficient is the purposeful construction of buildings that decreases resource usage in both the building
process and also the future use of the building. The goal is to reduce CO, emissions, energy use, and water use, while cre-

ating an atmosphere where everyone can have better health and environment.

Key words: Energy efficiency, Eco efficiency, Sustainable energy, Passive solar, Environment sustainability

1. INTRODUCTION

Energy efficiency is "using less energy to provide
the same service". There are other definitions, but
this is a good operational one. The best way to un-
derstand this idea is through examples: When we
replace a single pane window in our house with an
energy-efficient one, the new window prevents
heat from escaping in the winter, so we save ener-
gy by using our furnace or electric heater less
while still staying comfortable. In the summer,
efficient windows keep the heat out, so the air
conditioner does not run as often and we save elec-
tricity. When we replace an appliance, such as a
refrigerator or clothes washer, or office equipment,
such as a computer or printer, with a more energy-
efficient model, the new equipment provides the
same service, but uses less energy. This saves
money on our energy bill, and reduces the amount
of greenhouse gases going into the atmosphere.
Energy efficiency is not energy conservation. En-
ergy conservation is reducing or going without a
service to save energy. For example: Turning off a
light is energy conservation. Replacing an incan-
descent lamp with a compact fluorescent lamp
(which uses much less energy to produce the same
amount of light) is energy efficiency. Both effi-
ciency and conservation can reduce greenhouse
gas emissions. (sipila, 2011)Energy efficiency can
be defined as a part of eco-efficiency. Eco effi-
ciency is ecological efficiency that measures use
of natural resources and disadvantages (negative

impacts) in relation with results obtained. It can be
defined as a part of sustainability.

Sustainability covers ecological (or environmen-
tal), economic and social (including cultural and
institutional) sustainability. Especially because of
climate change the ecological sustainability is be-
coming more and more the hard core of the whole
sustainability target. Eco-efficiency is a commonly
used indicator measuring the ecological sustaina-
bility. Energy efficiency in turn represents the hard
core of eco-efficiency, especially when non-
renewable energy sources are considered. Together
with energy efficiency, material efficiency may be
measured (decreasing energy consumption may
increase consumption of materials and vice versa).
Together with energy efficiency (kWh/product or
service unit) it is possible to measure amount of
emissions of carbon foot print generated by pro-
duction and operation (e.g. CO2-eq. kg/product or
service unit). In addition to energy efficiency, oth-
er changes in the study complex generated by en-
ergy production and use should be evaluated, e.g.
on the community level quality of environment, on
the building level quality of indoor air, in transpor-
tation accidents and noise, in industrial production
coziness of working environment, safety etc.
Buildings and the resources that are utilized to
maintain working and living conditions, signifi-
cantly contribute to the use and waste of resources
that have a negative effect on the environment.



Simple measures can be implemented to improve
energy use to enable the City to contribute to creat-
ing a more sustainable environment. The intent of
energy efficient building design is to improve en-
ergy use to enable the City to contribute to creating
a more sustainable environment. Energy efficient
buildings provide the benefit of:

Reduced energy costs for dwellings and
commercial

Greater natural comfort and amenity level
to building occupants, and

By virtue of reduced energy; reduced
emissions of carbon dioxide and other
greenhouse gases, and thereby impact on
the natural environment (this will also as-
sist in achieving Fremantle’s 20% green-
house gas reduction goal).

Energy efficient design principles addressed in this
policy include:
- building and room orientation,
orientation, size and shading of windows,
roof and wall insulation,
use of thermal mass (heat absorbing) ma-
terials inside the house,
cross ventilation and draft proofing and
use of breezes,
landscaping, and
Energy-efficient appliances.

2. OBJECTIVES

The objectives of this study are:

- To provide advice on the principles of en-
ergy efficient building design, to improve
comfort levels to occupants, and reduce
energy consumption
To ensure buildings are well designed to
achieve the efficient use of energy for in-
ternal heating and cooling
To ensure that design for good environ-
mental performance and amenity is con-
sidered in conjunction with other design
and amenity considerations in the Freman-
tle context

3. ENERGY EFFICIENT DESIGN PRIN-
CIPLES AND GUIDELINES

3.1 Site selection

Energy used in driving from place to place can
amount to a significant proportion of a household’s
total energy consumption. By locating new houses
near to work- places, schools, public transport
routes, etc., transport energy consumption can be
reduced. Transmission of sunshine through win-
dows (passive solar heating) can reduce heating
costs. The selection of a site which is exposed to
the low-altitude winter sun can allow for passive
solar heating. By selecting a location sheltered
from the wind, heat loss from the building can be
reduced. Shelter can be provided by nearby trees,
adjacent buildings or surrounding hills. If no such
shelter exists, it can be provided in time through
planting trees or shrubs. In some, mainly rural,
locations there may be potential for renewable en-
ergy sources other than solar, for example hydro-
power, wind power, wood, biogas, or heat which
can be extracted from the ground or sea. The pos-
sibility of obtaining heat from a combined heat and
power plant or group heating scheme may also
influence the selection of asite.

3.2 Building Orientation and Layout

Properly orientated buildings take advantage of the
seasonal sun movement by allowing the winter sun
into the building, but excluding summer sun. This
has the effect of improving the amenity to habita-
ble and working areas by accessing the natural
heating, cooling and lighting elements. During
winter, the north face of the building receives sig-
nificantly more solar energy (3-4 times) than east
west sides. The northern side of the building is
therefore a good location for living and primary
working spaces that are continually occupied dur-
ing the day, and which usually have the largest
heating and lighting requirements. The time delay
in heat penetrating the building also allows the
benefits of such orientation to last well into the
night. The winter solstice (21 June) is a critical
time to assess solar access, where at 12 noon the
sun's altitude (32% casts shadow lengths 1.43
times the height of an object (by comparison, at the
summer solstice - 22 December an object casts a
shadow only 0.16 times its height). Conversely, the



low angle of the sun in winter allows the greater
penetration of direct sunlight into buildings orien-
tated and designed to allow this, while the higher
angle of the sun in summer allows it to be exclud-
ed.

3.3 Building Fabric and Structure
3.3.1 Insulation

Levels of insulation higher than those required in
the Building Regulations are in many cases eco-
nomically justified. Insulation should be well dis-
tributed around the building shell. It is better to
have a good overall level of insulation than, for
example, a highly insulated floor with no roof in-
sulation. Attention should be given to the avoid-
ance of thermal bridges. These are “short circuits”
across insulation, which are commonly found at
lintels, jambs and sills of doors and windows, and
at junctions where floors and ceilings meet exter-
nal walls. They give rise to increased heat loss and
possible condensation problems.

3.3.2 Ventilation

Adequate ventilation is essential to provide fresh
air and to remove moisture, odours and pollutants.
However, excessive ventilation during the heating
season results in energy wastage and can also
cause discomfort due to draughts. Controlled vents
should be installed in every room; trickle or slot
vents incorporated in window frames can ensure a
reasonable amount of continuous fresh air and can
be opened up or closed down to a minimum as
required. Cooker hoods and small fan exhausts
allow for controlled removal of moist air from
kitchens and bathrooms, and prevent this air being
drawn into living or bedrooms. Attention should be
given, during both design and construction, to en-
suring that the building is well sealed. Services
should be designed with minimum penetration of
pipework and cabling through the building’s insu-
lated shell. Doors and windows should come with
factory-applied draught seals. Porches and draught
lobbies can reduce draughts at external doors.

3.4 Passive solar features

If the house is exposed to the low-altitude winter
sun, glazing should be concentrated on the south
facade. Window area on the north facade should be
minimized to limit heat loss. Thermal mass within

south-facing rooms, e.g. masonry walls or concrete
floors, can absorb and store solar energy during the
day and release it gradually during the evening.
The heating system should have a fast response
time and good controls to maxi mize the usefulness
of solar gains. Overheating protection in south-
facing rooms in summer can be provided by over-
hanging eaves, blinds, natural ventilation, thermal
mass or other means.

3.5 Building materials

The embodied energy of a product is the energy
used to produce it, and includes energy used in
extracting raw materials, processing and transport,
e.g. Irish-grown timber will incur lower transport
energy use than timber imported from overseas.
The embodied energy of a house is typically over
five times its annual energy consumption and
therefore equates to approximately 5-10% of the
total energy consumption during the life of the
house. The building materials selected should have
minimum environmental impact during their entire
life cycle, including manufacture, use and disposal.
Building components should be designed for long
life and durability, and ideally should be recyclable
at the end of their operating lives.

3.6 Heating systems

Energy efficient houses need smaller heating sys-
tems than conventional houses. The resulting sav-
ings will help to pay for the cost of additional insu-
lation. Boilers the heating system should be effi-
cient, not only at full load, but also at lower loads.
If looking at oil or gas boilers, we should ensure
that the boiler complies with the EU boiler effi-
ciency directive. In the case of gas boilers, we
should consider condensing boilers, which cost a
bit more but are highly energy-efficient. If select-
ing individual room heaters, consider room sealed,
balanced flue units. Room heaters should be cor-
rectly sized for the room they are to heat and
should be thermostatically controlled.

4. CURRENT METHODS TO INCREASE
ENERGY EFFICIENCY BUILDING DE-
SIGN AND CONSTRUCTION

4.1 Passive Solar Design Techniques

In building planning and design, passive solar
techniques are those that take advantage of solar



heat and light to offset the need for gas or electric
heating, air conditioning, and lighting. They are
different from active solar systems, such as photo-
voltaic solar panels, which transform solar rays
into electricity for home use. Common passive
solar tactics include south-facing building orienta-
tions that absorb and store solar heat during the
winter and deflect solar heat during the summer,
and “daylighting,” or maximizing the use of win-
dows and full-glass exterior walls, often covered in
a heat-deflecting glaze, to allow natural lighting
into the building's interior work spaces, while min-
imi zing the heat gain that might normally result.

4.2 Thermal Storage

Thermal storage may be implemented in individual
building projects in numerous ways. Some of the
most common strategies include strategic window
placement and daylighting design, selection of ap-
propriate glazing for windows and skylights, ap-
propriate shading of glass to prevent undesirable
heat gain, use of light-colored materials or paint
for building envelopes and roofs, careful siting and
orientation, and appropriate landscaping. Shading
strategies may include overhangs and porches,
trees and other vegetation, removable awnings,
exterior roll-down shades, or shutters. Passive so-
lar heating systems in a building with south-facing
orientation can be combined with solar heat-
storing trombe walls or floors made with concrete,
tile, brick, stone, or masonry that absorb solar heat,
store it, and then slowly release the heat into the
building.

4.3 Cooling Strategies

During the summer months, air conditioning sys-
tems consume much electricity. Alternative pas-
sive cooling strategies, especially when used in
conjunction with thermal storage techniques that
prevent heat absorption, may reduce the need for
heavy air conditioning. Such cooling techniques
include the use of natural ventilation, ceiling fans,
atria and stairwell towers, evaporative cooling sys-
tems for dry climates, dehumidification systems,
and geothermal cooling and heat pump systems.
These methods can effectively remove heat from
the interior of a building without the use of energy-
intensive conventional air conditioning systems.

4.4 Daylighting

Daylighting techniques involve the incorporation
of natural daylight into the mix of a building's in-
terior illumination. When properly designed and
integrated with electric lighting, daylighting can
offer significant energy savings by offsetting a
portion of the electric lighting needed. A side ben-
efit of daylighting is that it also reduces the inter-
nal heat gain from electric lighting, thereby reduc-
ing required cooling capacity. Results of recent
studies imply improved productivity and health in
daylighted schools and offices. Windows—the
principal source of daylight—also provide visual
relief, a visual portal on the world outside the
building, time orientation, and a possible source of
ventilation and emergency egress (U.S. Dept. of
Energy. Building. “Daylighting”). Other sources of
daylight include light pipes with mirrored inner
surfaces that bring natural light deep into a build-
ing interior, skylights, skydomes, and reflective
devices and surfaces that spread daylight more
evenly in occupied interior spaces.

4.5 High-performance Insulation

A type of super-insulating material increasingly
used for residential and light commercial buildings
is structural insulated panels used in floors, walls,
and roofs. The panels are manufactured by forming
a sandwich of rigid foam plastic insulation be-
tween two panels of plywood. The panels general-
ly cost about the same as building with wood-
frame construction, but labor costs and job-site
waste are reduced (Structural).

5. METHODS TO DECREASE ENERGY
USE BY BUILDING OPERATING SYS-
TEMS

Most large, multistory buildings employ sophisti-
cated, computer-based building control systems
that integrate key subsystems such as lighting, se-
curity, fire protection, heating and air conditioning,
occupancy sensors, and large networks of pro-
grammable thermostats. Such operating and con-
trol systems afford a high degree of fine-tuning
capability and operating flexibility for differential
environmental control in various locations of a
building, depending on their exposure to daylight



and weather conditions. Other methods include
rooftop wind turbines and geothermal heat pumps.

6. COMMERCIALLY VIABLE OPTIONS

There are emerging technologies being developed
to increase energy efficiency. One such technology
is electrochromic windows that can instantly
switch from transparent to varying shades of grey
in response to a small, applied current. A large
view window made with electrochromic materials
could be programmed to respond to incoming nat-
ural light by stepping down its setting to minimize
light transmittance. When integrated with daylight
and occupancy sensors and programmable con-
trols, electrochromic windows could be set to au-
tomatically and incrementally shade indoor envi-
ronments in synch with the sun’'s arc across the
sky.

7. ENERGY EFFICIENT DESIGN AND
CONSTRUCTION RECOMMENDA-
TIONS

(Energy and Environmental Building Association,

2006) (Building An Energy Efficient Home)

Building design and construction should address

the following objectives for design, construction,

commissioning, operation and maintenance for
better energy efficiency:

i. Building Structure

» Thermal transmission through heat loss and heat
gains should be reduced by the specification and
installation, with proper attention to detail and
quality assurance, of increased levels of thermal
insulation.

« Insulation systems should be installed such that
they reduce convective, conductive and radiative
heat losses and gains.

» Moisture gain resulting in decreased thermal and
structural performance should be controlled.

 Fenestration systems should be selected accord-
ing to climate, building orientation, interior com-
fort, day lighting, ventilation, furnishing durabil-
ity and egress requirements.

ii. Mechanical Systems

 Indoor air quality should be facilitated by the
installation of a controlled mechanical ventila-
tion system. Heat recovery is recommended in
severe heating climate zones.

* Only sealed combustion or power vented direct
combustion appliances should be installed in oc-
cupied spaces.

» Thermal and peak load reductions derived from
improving levels of insulation, air tightness and
fenestration performance of the building enve-
lope should be evaluated in the sizing of equip-
ment.

» The domestic hot water system should meet high
efficiency standards. Options for reducing water
consumption are recommended.

» Solar energy for hot water heating should be
considered.

 Efficient illumination design and lighting sys-
tems should be used. Natural lighting of spaces
should be considered prior to specifying electric
illumi nation systems.

* Other lighting fixtures should use compact fluo-
rescent lamps.

» Major appliances should meet high-energy effi-
ciency standards using current appliance ratings

iii. Occupant Considerations

* A comprehensive operations manual should be
provided to occupants, which includes necessary
operating, maintenance and repair information
so that the performance of the building can be
maxi mi zed.

» Systems that provide control over space condi-
tioning, hot water or lighting energy use should
be clearly marked. Information relating to the
operation and maintenance of such systems
should be provided to occupants.

8. CONCLUSION

Energy efficient design always plays a significant
role in our work. While the aesthetics of a building
are important, it is essential to have a building that
performs too. Energy efficient systems that use
less water and provide clean air and natural light
are staples in the buildings we design. Sustainable
design is also financially responsible and results in
major savings in operational costs in the long run.
And for scholastic institutions, a sustainable build-
ing is often the best teaching tool. In every build-
ing construction the use of sustainable energy or
energy efficiency technology should be applied to
reduce resource consumption, save money in the
long run, and instill the importance on environ-
mental sustainability.
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Abstract: Need of deployment of renewable energy technologies in different countries form a crucial part of
governments’ strategies to prevent climate change and to practice sustainable development for economic
growth and development. For this many researchers have tried to find the different advantages of Renewable
Energy Technologies (RETs) which can ease in the formulation of policy. And for that, governments, many
times, try to relate the advantage in the term of employment that can be generated due to renewable energy
deployment. This articles first highlights the drawbacks of policy makers, that they over optimistically
calculate the employment generation of RETs and also the failure in considering all four employment
outcomes that are anticipated as a consequence of switching to a low carbon economy. This article gives a very
clear guideline for the assessment impact of RETs and helps the policy makers to find the jobs; specific skills
required for different stages of RET deployment and make policies for sustainable development planning.
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INTRODUCTION

Increasing the share of Renewable Energy system
— Employment (RES-E) is expected to play a
fundamental role in the fight against climate
change by shifting Europe’s energy dependence
away from high carbon emitting energy sources.
Consequently, it is important that the implications
of this change on the labor market are assessed,
especially in light of the economic crisis, whereby
unemployment in Europe has been left at an all-
time high. Additional investment in RES will
obviously induce economic activity and
employment. A distinction is typically made
between four employment outcomes that are
anticipated as a consequence of switching to a low
carbon economy. It is expected that: additional
jobs will be created; jobs will be substituted; jobs
will be eliminated; and existing jobs will be
transformed (UNEP, 2008). With varying
definitions of what a ‘green job’ is, present figures
estimating the potential employment impact of a
transition to a low carbon economy vary
considerably. According to ECORYS (2008),
gross employment forecasts for Europe in the year
2020 range between 2.3 million to 21 million.
Recent studies often focus on these gross
employment impacts.

Situational analyses, such as Delphi (2007),
account for the past development of employment
in the renewable energy sector. Another type of
papers applies econometric methods to analyze the
past relation between the RE industry or the use of
RES and economic development. A cross-country
econometric study by Apergis and Payne (2010)
reveals a possible correlation between RES
investment and economic growth for a panel of
OECD countries for the years 1985 to 2005. But
higher cost for RES will be ‘‘counterproductive to
net job creation’’. Especially for photovoltaic
(PV), they conclude that due to high import shares
the net employment impact of German PV
promotion will be negative. The comprehensive
EMLPOY-RES study (ISI, 2009) for the EU
Commission applies two complex models, ASTRA
and NEMESIS, for calculating the net impacts.
Though showing some differences in detail, both
models report positive GDP and employment net
effects of advanced RES deployment of the EU in
comparison to a no policy reference scenario.
Economic impact of RES expansion is measured
via the comparison of economic indicators such as
GDP and employment from different simulation



runs. The rising installation of renewable energy
systems in some European countries such as
Germany, Denmark and Spain, more recently also
in other parts of the world such as China, has
intensified the discussion of costs and benefits of
renewable energy systems. Lower costs would
make RE expansion more feasible, higher costs
less feasible. This so-called budget effect reduces
the available budget for other expenditures
resulting in job losses in the respective sectors.
The effects on employment of different scenarios
for RE expansion have been analyzed in Lehr et al.
(2008). The budget effect can work in either
direction, as high PV electricity production during
midday already avoids price peaks. With the
further reduction of production costs and the better
integration of RES into the electricity system, the
average of future budget effects will tend to
become less negative or even getting positive in
the long run. Higher electricity prices may
endanger international  competitiveness  of
electricity intensive companies.

The differentiation between primary and secondary
effects is crucial, since they show the impacts at
different economic levels: at the RE industry level
or the at the level of the whole economy —
economy wide. For example, higher prices for
electricity reduce the available relative income of
private households. Under the assumption that
demand for energy is relatively inelastic, the
households’ demand for other consumption goods
shrinks. A shrinking demand for consumption
goods leads to lower production and, hence, to
lower input and, subsequently, to lower
employment in the consumption goods industry.
Taking into account the multiplier effect, namely
that lower employment results in lower income of
households and, hence, again in lower
consumption, we have an enforcing negative effect
in the whole economy.

METHOD

There are a number of identifiable methods that
have been used to quantify the employment
impacts of RES. However, in general, it is possible
to categorize them into bottom-up and top-down
approaches, or more specifically as using the
analytical or 10 method (World Bank, 2011; Silva

et al., 2012). The first method uses survey or
model plant data to establish the employment
required to manufacture and operate a plant or
certain piece of equipment and, therefore, it is a
method that is most suitable to studies aimed at
quantifying job effects of a precise energy project
or industry (World Bank, 2011). Sterginzer (2006),
for example, created a ‘job calculator’ which is
based on a survey of current industry practices to
measure the number and types of jobs resulting
from the acceleration of renewable energy
deployment. One of the main advantages of the
analytical approach is that it can be made context
specific and it is said to be more transparent than
the 10 framework (World Bank, 2011). However,
the disadvantage is that it is less suited for
forecasting economy-wide impacts as it cannot
take into account the indirect employment effects,
i.e. the effect on other sectors due to an increase in
final demand for RES (Wei, 2010).
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Fig. 3. Additional costs of renewable energy systems compared to the respective
fossil fuel based generation in million € 2005 (Nitsch and Wenzel, 2009),

An 10 table gives an overview of the flows of
goods and interdependencies of industries. Based
on the target output or investment intended in
renewables, the level of associated employment
can be calculated from this link (World Bank,
2011). The major drawback, however, is that
because the RES sector brings relatively new
concerns, current 10 tables are not sufficiently
disaggregated to straightforwardly arrive at
employment estimates (World Bank, 2011).

PANTA RHEI (Lutz et al., 2005; Lehr et al., 2008;
Meyer et al., 2012) is an environmentally extended
version of the econometric simulation and
forecasting model INFORGE (Ahlert et al., 2009;
Meyer et al., 2007). Among others it has been used
for economic evaluation of different energy
scenarios that have been the basis for the German
energy concept in 2010 (Lindenberger et al., 2010;
Nagl et al., 2011). The behavioral equations reflect



bounded rationality rather than optimizing
behavior of agents. All parameters are estimated
econometrically from time series data (1991-
2008). Producer prices are the result of mark-up
calculations of firms. Output decisions follow
observable historic  developments, including
observed inefficiencies rather than optimal
choices. The use of econometrically estimated
equations means that agents have only myopic
expectations. They follow routines developed in
the past. This implies in contrast to optimization
models that markets will not necessarily be in an
optimum and non-market (energy) policy
interventions can have positive economic impacts.
The core of PANTA RHEI is the economic
module, which calculates final demand
(consumption, investment, exports) and
intermediate demand (domestic and imported) for
goods, capital stocks, and employment, wages, unit
costs and producer as well as consumer prices in
deep disaggregation of 59 industries. The
disaggregated system also calculates taxes on
goods and taxes on production.

Functional chains are also sometimes used for easy
description of direct and indirect employment
effects. The following figure illustrates the concept
of functional chain.
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Figure 1: functional chain

RESULT

When comparing the number of direct jobs created
due to installation of new facilities compared to
those in operation and maintenance, the results
confirm that the installation and construction of
new facilities is generally more labor intensive as
already discussed. The indirect employment effect
is understandably larger for the installation
compared to operation as the demands on the
supply chain are likely to be much greater due to
the need for different materials and services to
construct the new facilities. The PANTA RHEI

model  calculates  endogenously  economic
development and labor market effects in the
different scenarios. The zero scenarios based on
the low price path is now compared to a
development with differing degrees of domestic
investment in RE and differing export trends based
on the same price path. The comparison of
simulation results shows macroeconomic effects
such as net employment effects which can be
traced back to the different scenario assumptions.

CONCLUSION

Analysis shows possible positive impacts of the
expansion of RE in Germany—and the conditions
and policy implication for a positive development.
Positive net employment effects strongly depend
on further growth of global markets and German
RE exports. When relating the results to studies
which report negative impacts of RES promotion,
the treatment of international market developments
in the studies can explain at least part of the
differences. Another important factor for
employment impacts are expectations of future
cost reductions of different RES technologies. The
issue of economic impacts of the expansion of RE
will be part of the sustainability discussion for the
time to come. a quantitative analysis, as presented
in this paper, provides a significant and vital step
towards understanding the employment effects of
switching to a low carbon economy, it is important
to go beyond the numbers to truly understand how
the transition will impact the workers.
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Abstract: Due to the process of urbanization cities have gone through several structural changes. Cities are
doubftlessly human’s largest creation however along the history, mankind has put the city against the nature and the
nature against the city due to the common sense that the first was disaggregated from the second or even opposite
to it. Cities are far more than justbuildings offering shelter to its inhabitants, cities are playing a major role in today’s
global energy system and will play an increasingly important role in the future global energy system. As the reaction
to this, the concept of Eco Cities, has gained a foothold in the world and there are numerous commenced Eco City
projects worldwide. However there are many aspects that needs to be taken in consideration when planning cities,
and especially when planning cities with ambitious goal. One is normally and popularly referring to a holistic
planning approach in Eco City developments and holistic thinking is often suggested as a key to success in Eco City
projects. This paper discusses a model that was developed to assist the target setting in the planning process of
Wauxi region in China. The model has been developed with a systems thinking approach, using STELLA. Different
sectors comprising the Eco city i.e. built environment, transport, water and waste management and energy
generation have been considered. In order to develop future scenarios for the Eco city the participation of various
stakeholders & involved in the various stages of the project which is one of the key features of the tools. The
stakeholders are involed in the problem formulation phase identify the main sub-systems and establishing initial
system boundaries. This culminates in the form of a conceptual model which is further formulated to qualitative
model which is calibrated, negotiated simulations are carried out for the generation of scenarios.

Keywords: Eco city, Energy System Modelling, Participatory Approach, Holistic Planning

Introduction

polluted air, resources shortage, frequent floods,

. : : ) and energy demand boost, among many other
With the continuous increase of population, the

dominant economic oriented societies and the
current stage of technological advances in the
application the process of Urbanization and the
cities have undergone structural changes very
often. In fact according to the UN projections,
the global urban population is expected to
increase to 72% by 2050. Despite covering only
2% of the worlds land surface, urban areas are
responsible for about 67% of the world’s energy
use and over 70% of the greenhouse gases
emissions. From this we can see that
construction and operation of the cities led to the
great destruction of the nature. Unfortunately,
along the history, mankind put the city against
the nature and the nature against the city due to
the common sense that the first was
disaggregated from the second or even opposite
to it. This sense interferes on the way the city is
perceived and affects the way it is built, bringing
uncountable urban problems. polluted water,
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issues. Those problems use to be seen as if they
were isolated incidents and not as interconnected
and resulted from human’s intervention without
caring about nature’s processes.

Thus, nature has been seen as a superficia
beautifier, not as environment’s essential part.
On the other hand, the city was not considered
nature’s part as well and was not conceived,
planed, designed, and managed under that
condition. (Alina Goncalves Santiago, 2006). .
Growing concerns regarding the ‘peak oil’,
natural and manmade disasters on a global scale
have led the city managers to rethink the
planning approaches that have gone far beyond
the human scale and have neglected nature as an
integral part of the human systems. (Singh, 2015)

As the reaction to this, the concept of Eco Cities,
has gained a foothold in the world and there are
numerous commenced Eco City projects
worldwide. Eco-City Builders Group that formed
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by Register in 1987, compiled eco-city planning
principles in the international eco-city standards
document.

These principles are asfollows:

e Supporting clean air, safe food and water,
healthy housing and businesses;

« Cost-effective eco-engineering solutions for the
recycling of all waste;

« Production and usage of renewabl e energy;

e Development of efficient public transport
system;

« Infrastructure integration that compatible with
the natural qualities of settlements;

» Improving ecological (environmental and
cultural) awareness.

Thus it is clear that there are many aspects that
need to be taken in consideration when planning
cities, and especially when planning cities with
ambitious goal. One is normally and popularly
referring to a holistic planning approach in Eco
City developments and holistic thinking is often
suggested as a key to success in Eco City
projects. (David Stoltz, 2014). Through Systems
Thinking the city is considered and seen as a
system consisting of a number of interconnected
subsystems that are coherently organized in a
way that it reaches a set of goals. Thus, the
subsystems are interconnected but have
individual work tasks and carry out specific
actions. With the set goals in consideration, the
subsystems can be identified and analysed in
order to understand how they interact so as to
reach the set goals for the Eco City. Today,
various examples of such Eco cities exist

worldwide. While, varying in their particular

focus aress, all these project have energy

efficiency and lowering of GHG emissions as a
common denominator. Where, all the concepts
and underlying paradigm has changed from the
‘conventional’ to a new: ecological, the process
has to be led by an inherently developed
procedural process and actively participating
loca community, hence influential local
politicians. There should be an R&D procedure,
built in the process, with survey-data
compilation- modéling- planning-design
implementation. In the particular case of Wuxi
Sino Swedish Eco City, a twelve criteria Eco

Figure 1:
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City Innovation Idea to Deployment was aso
developed to serve as a quadlitative guideline
covering various stages of the Eco city
development. This model covers various aspects
including goa setting, holistic planning,
balanced urban planning, Eco city management,
dynamic energy systems, and energy efficiency
and enabling innovative technologies. The main
purpose for the model development was to assist
with the target setting process of the Eco city and
to compliment the model discussed in based on
the various energy efficiency measures
introduced in the project. Some of the other
intended uses of the model include: Decision
making tool for various technological solutions
to be deployed.

Assistance in evaluation of the project.

Future energy and emission scenarios based on
different trajectories.
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Tool for discussion and communication between
various stakeholders. (Omar Shafqata, 2014)

Methodology

Eco city planning frameworks includes different
models that are currently being used globally.
Most of these frameworks with systems thinking
as the focus, encourage a holistic planning
processes, an integrated approach and effective
use of resources. One of the key focuses of this
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model along with the various other planning
frameworks discussed above has been target
setting process in terms of energy use and
emission targets. In order to accomplish this,
Energy Target ldentification and Deployment
(ETID) Model was developed. The model builds
on a systems thinking approach using STELLA
modelling software. Different subsystems have

=
=

=

-
= B
=

been identified including built environment,
transport, water and waste management and
energy generation have been identified and
possible synergy effects between them are taken
into account which is the first process of the
modelling. In the next step, models for each sub
system were developed.

Fig > Conceprual model for Evergy Targer Identificaiton Mode!

The model was developed with an interactive
interface, which gives the user a possibility to
change different assumption sets and therefore
simulate different combination of the system.

The final stage of modelling involves generation
of scenarios for the Eco City based on various
combinations of key parameters. The model has
its system boundaries at the Eco city level but
various inputs from higher levels such as
regiona and national level are taken into
account. The outputsof the model are energy use
and CO2 emissions in total and in per capita.
(Omar Shafgata, 2014).
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In order to develop future scenarios for the Eco
city the participation of various stakeholders is
involved in the various stages of the project
which is one of the key features of the tools.
These can serve as effective guidelines for
asessing the process. The methodology provides
an effective platform that is very inclusive about
the stakeholder's points of view, both in the
model development process as well as
guantitative input parameters and this in turn
serves as a validation for the results produced.
Starting from the clarity less and very
complicated ontology, the stakeholders are
involved in the problem formulation phase
identify the main sub-systems and establishing
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initial system boundaries. This culminates in the
form of aconceptual model. Once it is completed
the qualitative model is developed and with the
stakeholders participation, important feedback
and relationships are identified along with
negotiating the assumptions, limitations data
sources, model structure and system boundaries.
The actual modelling process following this is
typically “grey boxed” to the stakeholders. Once
the model has been created and calibrated,
negotiated simulations are carried out for the
generation of scenarios. The exercise is generally
carried out in the form of a workshop with the
stakehol ders and each parameter is discussed and
negotiated. The quantified input parameters
reflect the joint negotiated vision of future of the
stakeholders. (Omar Shafgata, 2014).

Conclusion and Recommendation:

When studying cities there are many aspects to
take in consideration, i.e. what kind of
transportation system that is used and how it is
operated, how the waste collection is managed
and how the purification of water is carried out,
as well as how the supply of energy is performed
and which energy sources that are used etc. It is
clear that there are many aspects that need to be
taken in consideration when planning cities, and
especially when planning cities with ambitious
goals concerning energy use and greenhouse gas
emissions reductions. However these aspects
have their own complex relations. Thus this
paper talks about the model that works with
system thinking approach. . A participatory
approach was adopted in the development of the
model where different key parameters were
identified as a result of a collaborative exercise
with the various stakeholders. A framework for
Participatory Modelling and Simulation has been
developed. The model gives a possibility to
visualize the energy saving potentia for different
technologies being proposed for implementation

4|Page

in the eco-city with which the possible
disturbance that can occur at the any phase of the
project may that be research, planning,
implementation or operation can be pre
addressed and made much more effective.
Beforehand programming of funding social and
physical infrastructure in advance of eco-
development must be found. A properly funded
and eco-comprehensive  mesterplan  and
following design procedure in spatial, social and
economic terms must provide the long-term
direction needed to give governmental agencies,
public and private investors' confidence, along
with enough flexibility-feedback and
monitoring- to allow for changing circumstances.
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Abstract: Organic compounds decompose under anaerobic condition to yield biogas. This work presents results of the
study on biogas production from fruits and vegetables waste materials and their effect on plants when used as fertilizer
(Using digested and undigested sludge). It has been observed that the highest weekly individual production rate is
recorded for the cow dung (control)slurry with average production of 1554 cm3, followed by pineapple waste which had
965 cm3 of biogas, then by orange waste which had 612cm3 of biogas, lastly, pumpkin and spinach wastes had373 cm3
and 269 cm3 respectively. The results obtained shows that difference in the production of biogas to a large extent depends
on the nature of the substrate. All the substrates used appeared to be good materials for biogas production and their spent

slurries can be used as a source of plant nutrients.

Key words: Biogas, Anaerobic digestion, Substrate, Vegetable waste, Cow dung

Introduction

The techniques used for the conversion of organic
materials to biogas have been in existence for
many years. Methane generation has been applied
to meeting the energy needs in rural areas. In the
England, India, Taiwan, for example, methane
Generating units as well as plants using cow
manure and municipal waste have been in
operation for years. In United States there has been
considerable interest in the process of anaerobic
digestion as an approach to generating a safe clear
fuel as well as source of fertilizer (Garba and
Sambo, 1995). The use of rural wastes for biogas
generation, rather than directly used as fuel or
fertilizer, offers several benefits such as, the
production of energy resource that can be stored
and used more efficiently, the production of
stabilized residue (sludge) that retains the fertilizer
value of original material and the saving of energy
required to produce equivalent amount of nitrogen-
containing fertilizer by synthetic process. Indirect
benefits of biogas generation include the potential
for partial sterilization of waste during formation
with consequent reduction of the public health
hazard official

pathogens and reduction of fungal and other plant
pathogens from one year’s crop residue to the next.
Biogas is a flammable gas produced when organic
materials are fermented under anaerobic condition.
It contains methane and carbon oxide with traces
of hydrogen sulphide and water vapor. It burns
with pale blue flame and has a calorific value of

between25.9-30J/m3 depending on the percentage
of methane in the gas. The gas is called by several
other names, such as: dung gas, marsh gas, gobar
gas, sewage gas and swamp gas (Dangoggo and
Fernando, 1986).Biogas production involves the
fermentation of organic materials such as
agricultural waste, manure and industrial effluents
in an anaerobic environment to produce methane
(CH4), carbon oxide (CO2), and hydrogen
sulphide (H2S).The first stage consists of micro
organisms attacking the organic matter where
complex organic compounds such as cellulose and
starch are converted to less complex soluble
organic compounds. Polymers are transformed into
soluble monomers through enzymatic hydrolysis

Data Collection and Analysis

All wastes ratio were analyzed for the following
Parameters:

1) PH measurement: pH measurement was monitor
reducing pH meter HM-25R (TOADKK). The
mean PH was calculated from the collected PH
results every day.

2) Total solids (TS) and total volatile solids (VS)
standard methods: TS were determined at 1040C
to constant weight and VS were measured by the
loss on ignition of the dried sample at 5500C

3) Biogas collection: Biogas produced by
anaerobic digestion was measured by water
displacement method as shown in Fig.-2

4) Biogas composition: The Gas composition was



Analyzed by using a gas chromatography (GC-
8AIT / CRBASHIMADZU Corporation, JAPAN).
Pressure: The pressure was higher than
atmospheric level measured by gas pressure gauge

Gas flow line

Gas flow
control valve

Gas press
Materials gauge

auj| mo[) seD)

‘Water-cum-gas
” Chamber

Biogas
storage bag

Schematic for generation of biogas from solid
biomass.

Biogas Digester

Fig:-1

The daily biogas yield reached the highest peak
value for CW:VW:FW (0.5:1.0:1.5) mixture on
25th day, while the daily biogas yield for
CW:VW:FW (1.5:0.5:1.0 and1.0:1.0:1.0) reached
their peak value on 21th day. On the day24th, the
CW:VW:FW (1.0:1.5:0.5) mixture reached its
peak. Then biogas production declined as
compared with the digestion time. The observed
least gas yield from these digesters might be due to
the production of volatile fatty acids by the
microorganism which hinders the releasing of the
biogas. This is in agreement with the report of who
also observed low level of biogas production due
to the lag phase of microbial growth during these
periods of the run. (Torii, 2015)

Material and Methods

The materials used in this investigation as
substrates were cow dung (control) and waste
residue from fruits such as: orange, pineapple and
vegetables such: spinach, pumpkin, all of which
were agricultural waste materials.

Sampling and Sample Treatment

The waste materials were collected fresh from
various locations around Kano and Kano
metropolis, were sundried for twenty days then
oven dried at 1100C forlOhrs before use. The
fruits waste were collected from Naibawa market

Digester Water Water
Chamber Collector
Fig:-2

Schematic of water displacement method.

along Kaduna-Zaria Express way, while the
vegetables waste were collected from Yankaba
market along Hadejia road and the cow dung was
collected from Wu

dil cattle market. The dried samples were grounded
using wooden pestle and mortar. By using sieving
machine in order to obtain powdered samples
which were then stored in a separate black
polyethylene bags.

Fabrication of Digesters: -

Five portable digesters were fabricated using
three-liter empty plastic gallons, bicycle valves,
strip of rubber and polyvinylchloride(PVC) tube of
0.8 cm diameter. A hole was bored on the cover
and the valves were inserted into the hole. Then,
the (PVC) tube also inserted to cover the outlet of
the valves. The tube was tightened using a strip of
rubber. This was used as digester

Preparation of Slurry:-

From the dried samples, different slurries were
prepared and used for theinvestigations.200g of
each substrate was taken and mixed with 1.5litre of
water and each transferred into a separate digester.
The biogas produced, from the digester was
connected to a separate inverted 1000cm3
measuring cylinder. The volume of biogas
produced from each digester was recorded
separately. The biogas production process was
investigated for each of the substrate under
investigation and was observed that the highest
individual production rate is recorded for the cow



dung slurry (control) with have range production
of 1554 cm3, followed by pineapple waste which
had 965 cm3 of biogas, then by orange waste
which had 612cm3, pumpkin and spinach wastes
had 373 cm3 and 269 cm3 respectively. Therefore,
the difference in the production of biogas to a large
extent depends on the nature of the substrate
(Sagagi, 2009). The biogas production process was
investigated for each of the substrate under
investigation and was observed that the highest
individual production rate is recorded for the cow
dung slurry (control) with average production of
1554 cm3, followed by pineapple waste which had
965 ¢cm3 of biogas, then orange waste which had
612cm3, pumpkin and spinach wastes had 373
cm3 and 269 cm3 respectively. Therefore, the
difference in the production of bio gas to a large
extent depends on the nature of the substrate

(Sagagi, 2009)

Conclusion

Comparative studies on biogas production from
different waste of fruits and vegetables using cow
dung as control was carried out. From the results
obtained, it can be concluded that, the vegetable
wastes containing high carbohydrates are
amenable to anaerobic digestion process and the
maximum gas production was observed during 5-
10 days of digestion. This shows that
carbohydrates have been broken down much faster
than the proteins and fats present in the waste and
produced the gas. The mean methane production
rate calculated on the basis of substrate
concentration and the corresponding mean gas
production show that the reactors can be operated
safely till0.26gm VS loading beyond which
inhibition of the process started. Similar trend was
observed, in the specific rate constant value, k,
calculated for the first order Kkinetics. The
application of factorial (empirical) analysis using
predictive models shows polynomial function
seemed to be more reliable in predicting gas
production in anaerobic digestion of vegetable
wastes. Based on these observations further studies
are in progress in continuous reactors for various
loading ranges. (R.A.2, 2012)
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Abstract: This article is based on the context, necessity, reviews implementation and recommendation of sustainable en-
ergy policies practice in and outside of Nepal. Here is the discussion about the transition to sustai nable energy from pre-
sent energy context. The policies adopted in Turkey, Morocco and Algeria are seen appropriate to sustainable energy de-
velopment. It is important to point out the restructuring policies that are directing the development of new and renewable
energy, and giving special emphasis to socio-economical bodies, laws and legal regulations. Article also discuss about the
barriers and difficulties of devel opment of renewable energy of country.
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1. INTRODUCTION

Due to population growth, rapid urbanization and
industrial development, the demand of energy is
growing every year. The main sources of energy in
the world are fossil fuel, Nuclear energy, Solar,
wind, biomass and hydropower. Energy is catego-
ries in two types as renewable or sustainable and
non renewable energy according to their reversibil-
ity. Sustainable energy is clean and can be used
over a long period of time. Unlike fossil fuels that
most countries are using, renewable energy only
produces little or even no pollution. The most
common types of renewable energy in US are hy-
droelectric, solar and wind energy; solar energy are
commonly used on public parking meter, street
lights and the roof of buildings. Fossil fuel, nuclear
energy etc. are non renewable energy due to their
irreversible property i.e. once they are used cannot
be regain. Non renewable energy is in limited
guantity in the earth. One day in future the amount
of non renewable energy will be finished or not
enough to meet the demand so these are unsustain-
able. Up to this time there is no option for the use
of renewable energy for sustainable development.
Today, large battles are to be undertaken during
the century for the survival of the planet: include
energy efficiency as a priority in international poli-
tics, reduce emissions of greenhouse gases, save
energy for economic development and reducing
inequalities, empower stakeholders, strengthen the
global regulation(A. Ghezloun, 2015). So to miti-
gate the future energy crisis many European coun-
tries has adopted the sustainable energy policy.

It is important to point out the restructuring poli-
cies that are directing the development of new and
renewable energy, and giving special emphasis to
socio-economical bodies, laws and legal regula-
tions. In this respect, particular attention and prior-
ity should be given to the development of the hy-
droelectric potential in Turkey, since it is the most
important natural renewable resource and only
35% of the technically and economically utilizable
hydro potential has been developed so far(Y uksel,
2015).

2.Nepalese Energy Context and Necessity

Utilization of energy source in Nepal is in infancy
stage. Although country has tremendous capacity
of renewable energy like hydropower, solar power,
wind energy biomass but the country is highly de-
pendent on fossil fuels which are imported from
India. Except safa tempo running inside capital’s
road almost transportation, agricultural, and indus-
trial sectors are operated from fossil fuel like pet-
rol, diesel, or coal. Due to the high dependence in
fossil fuel Nepal has to face artificial fuel crisis in
the name of blockage prior to natural (actual) en-
ergy shortage. Nepal total hydropower resources
are estimated at 83,000MW of which about 42,000
MW can be economically tapped. (Energy to move
rural out of poverty:The rural energy development
programme model in Nepal, 2012).Whereas the



generations and supply of the same is lagging far
behind because of various reasons resulting in
longer hours of power-cuts. For the last six years,
The Government of Nepal (GoN) has made nu-
merous efforts to address the issues of load —
shedding and to reduce the supply-demand gaps of
electricity. However, the significant improvement
in the situations is yet to be seen and an innovative
and different approach rather than conventional
one is felt necessary(AEPC). For the sustainable
development and independence Nation should take
a strong step to develop and implement the sus-
tainable energy policy.
To promote the sustainable energy Nepal has taken
the initiation as the establishment of the energy
institution name as “Alternative Energy Promotion
Centre (AEPC)” under the ministry of Energy.
Recently government has adopted the installation
of solar for every new house in urban area as man-
datory rule. Government, Banks, Donor agencies
etc have attractive schemes and offer for the pro-
motion of solar energy. Besides these use of re-
newable energy is always the second choice of
consumers. In rural areas micro hydropower plants
are ignored by consumers. The main problems are
due to:

High cost of renewable energy Technolo-

ay

Periodic maintenances

Inaccessibility of technology, equipment

Or accessories

Lack of skilled manpower

Low financing and least priority by gov-

ernment

Dominance by hydro potential from mega

projects

Energy Investors are not feeling secure to

compete with large hydro projects which

are assumed to be installed in future.

Once the economy starts declining it will not be
able to afford transition to a more expensive ener-
gy system and transition would only
accelerate(Ziyi Wang, 2015). To mitigate above
problems government should launch a powerful
energy policy from national level.

3. World’s Practice

Moroccan Policy:

As part of its energy strategy, Morocco gives pri-
ority to the development of renewable energy and
to the sustainable development. The Moroccan
Law on Renewable Energy aims to promote ener-
gy production from renewable sources, its market-
ing and its export by public or private entities. The
Law of Energy Efficiency aims to integrate energy
efficiency techniques in a sustainable manner. It is
created under Law No. 57-09 "a Moroccan Agency
for Solar Energy" aimed to achieve a development
program of integrated projects for generating elec-
tricity from solar energy, with a minimum total
capacity of 2000 MW (A. Ghezloun, 2015).

Main features of Moroccan Energy Policy:

- Open competition for production of elec-
tricity from Renewable sources.

Electricity produced from Renewable
sources can be connected to national grid
line in 3 medium (Medium, High & Extra
High Voltage)

Projects running under this policy in Morocco:

* 5 sites for 2000MW by 2020 (increase
share of total electricity by14% and pre-
vent 3.7 million ton CO2/year)

e 1.7 sq m of Solar thermal collector by
2020 (prevent 920,000 ton COs/year and
creates 920 permanent jobs)

Potential s for investment for renewable
Energiesin Turkey? (Y uksel, 2015)

e 2000 MW from Wind by 2020 (share 14%
of total electrical energy) (A. Ghezloun,
2015)

Algerian Energy Strategy:

* The producer of electricity from Solar PV
& thermal, wind, geothermal, waste re-
covery small hydraulic or biomass may
benefit premiums through sale of guaran-
teed purchase rate.
* Legal strategy:
Law on energy management
Law on electricity and gas distribution
by pipeline
Law on promotion of RE in context of
Sustainable Devel opment
Projects:
* Ambitious program to develop Renewable
Energy (RE) like installing up to 22000



MW between 2011-2030 (12,000 MW for
domestic, 10,000 MW for export)

* It is expected that 40% of electricity for
domestic consumption will be from RE by
2030 (Solar 37%, Wind 3%)

* National program adopted by govern-
ment includes realization of
27 PV power plants, 27 diesel hybrid and

gas turbine 6 solar thermal plant and 7 wind

farms. (A. Ghezloun, 2015)

Water management for development of wa-
ter potential in Turkey

Turkish Electricity Transmission Company (TEI-
AS) has prepared the Long-Term Energy Genera-
tion Plan, taking into consideration the MAED
model, demand outcome. According to the Plan,
the installed capacity will increase 57,551 MW in
2010 and to 117,240 MW in 2020. The installed
hydropower capacity is anticipated to increase to
18,943 MW in 2010 and to 34,092 MW in 2020.
Thus, an additional 1000 MW of hydro capacity
should be added to the system annually over the
next 20 years. Turkey is thus seeking support for
the development all its economic potential by
2023, which is the 100th anniversary of the foun-
dation of the Turkish Republic(Y uksel, 2015)

Sectors | Million
e
Hydroe- 114 Economical development
lectric potential of 28,600 MW,
corresponding 100,000
GWh/a

Economical development

Remarks

Wind 57 potential of 48,000 MW with
power wind speed >7 m/s
Economical development
Solar 165 potential of 131,000 GWh/a,
Thermal corresponding to approx.
300 million sq mcollector
area
Biogas 4
Agricultural residual materi-
al and dung, when used for
electricity generation, 1000
Total 340 MWe and 7000 GWh/a

4.Conclusion And Recommendations:

There is need for all stakeholders (policy makers,
energy industry executives, etc.) to work together
in order to expedite the development of sustainable
energy systems. . Some areas of focus and possible
collaboration by the various stakeholders include:
- Defining a predictable and coherent ener-

gy policy.

Implementing stable regulatory and legal

framework to support long term invest-

ment.

Encouraging public and private initiative

that enable innovation and foster research.

(Edomah, 2016)
For the Nepalese context sustainability in energy
should be find out from renewable energy sources.
Due to the high potential from water country
should make easier water policy for production of
energy. Due to the lack of suitable policy Nepal is
unable to produce electricity from its sources. We
all know Nepal is poor and cannot afford mega
projects investment by cash. For this we should
make a fast track implementation policy for mega
projects to attract the energy investor.
While developing energy policy government
should give special attention to consumption sector
and availability renewable energy sources. Like
industrial and transportation sector which consume
highly concentrated energy can be benefited from
mega hydro projects, while residential sector can
utilize combine energy from solar and hydroelec-
tricity. If we look domestic energy consumption
pattern high demand of energy is used for cooking
and heating. To replace imported LPG gas we
should make policy for the commercial supply of
biogas, use of efficient electric oven and solar
heating system in urban areas. For rural areas it is
recommended to make policy to promote biomass
energy like firewood, Improved Cooking stove
(ICS), wind mill, or micro hydro.
The policy can be make based on geography,
weather, climate latitude (especially for solar).

The world will either slowly run out of fossil fuels
or exceed the capacity of environment to absorb
the products of their combustion. The uneven dis-
tribution of resources will cause global conflicts
over the remaining reserves, or they will become
unaffordable. The renewable energy sources, will
determine the inevitable transitions in energy use
and the future of our civilization. Energy policy



should encourage the introduction of hybrid possi-
bilities and support other forms, including electric-
ity generation by the private sector to share the
heavy burden on her. (A. Ghezloun, 2015).

Water and energy are the two important engines of
sustainable development. In the energy sector, the
basic policy of Turkey is the provision of cheap
electrical energy on time and in sufficient quality
and quantity (Y uksel, 2015). For the water energy
context Nepal is similar to Turkey but Nepalese
recent policies are very different than Turkey. In-
vestments in hydropower deserve special support
as they are clean and have a long economic life-
span. There are several outstanding challenges
which constitute the basis for future action. All of
these need to be overcome by developing this pre-
cious resource in an equitable, reasonable and op-
timal way.

It is important to point out the restructuring poli-
cies that are directing the development of new and
renewable energy, and giving special emphasis to
socio-economical bodies, laws and legal regula-
tions.

References

A. Ghezloun, A. S. (2015). Energy policy in the
context of sustainable development:Case of
Morocco and Algeria. Elsevier Ltd. , 1.

AEPC. (n.d.). Urban Solar Programme. Retrieved
Jan 5, 2015, from Alternative Energy Promotion
Centre (AEPC): http://www.aepc.gov.np

Edomah, N. (2016). On the path to sustainability:
Key issues on Nigeria's sustainable. Elsevier Ltd. ,
34.

Energy to move rural out of poverty:The rural
energy development programme model in Nepal,
10 (january 2012).

Yuksel, 1. (2015). Water management for
sustainable and clean energy in Turkey. Elsevier
Ltd. , 133.

Ziyi Wang, Q. W. (2015). Transitions to
sustainable energy and material systems . Elsevier
Ltd.






Smart City: A Driving Factor for Transforming City to a Sustainable Future

Pratiksha Shrestha
Department of Architecture & Urban Planning, Energy for Sustainable Social Development,
Central Campus, Institute of Engineering, Tribhuvan University, Nepal
Email:072mses465@i oe.edu.np

Abstract: Cities represent three quarters of energy consumption and 80% of CO2 emissions worldwide, and represent the
largest of any environmental policy challenge. Cities house half the world's population today but are set to host three quar-
ters in 2050. To cope with this continued urban growth we will need to invent new ways to manage cities and make them
more effective. The convergence between digital technology and the world of energy, will pave the way for a new ecosys-
tem of serviceswhich will enable both a better quality of life and reduced energy consumption. The term ‘ Smart City’ has
emerged for a growing audience across a broad range of disciplines as the concept expands to address multiple challenges
and opportunities in sustainable development. This article addresses the positive impact of Smart Cities to the people and
the society as awhole by integrating I nfor mation and communication technology (ICT) with the city’ s i nfrastructure. This
article dso further assesses the impact of Smart cities in various socia, economic and environmental factors with few ex-

amples of the Smart cities initiatives around the world.

Key words: Smart cities, urban sustai nability, information and communi cation technology (ICT)

Introduction

Over half of the world's population now lives in urban
areas. By 2050 thiswill have risento 70%. In the indus-
trialized world, cities are bursting at the seams, strug-
gling to meet the needs of their citizens. Creaking, out-
dated infrastructure, cars clogging up the roads, and
buildings that are literally |eaking energy not exactly the
picture of urban health. Add to this inadequate public
transport, a shortage of green spaces, landfill sites over-
flowing and it's enough to make you run for the (green-
er) hills. The situation is even worse in parts of the de-
veloping world, with the poorest countries least
equipped to invest in the basic urban infrastructure wa-
ter, sanitation, housing that is needed to cope with rapid-
ly growing urban popul ations. (Salterbaxter, 2010)

Densities of urban areas provide opportunities to in
crease efficiencies and reduce demands on resources
with a focus on smart planning of the urban environ-
ment. According to the Guide to Greening Cities, people
who live in dense urban environments produce fewer
emi ssions than those living in suburbs.

A smart city is a urban development vision to integrate
multiple information and communication technology

(ICT) solutions in a secure fashion to manage a city’s
assets — the city’ s assets include, but not limited to, local
departments information systems, schools, libraries,
transportation systems, hospitals, power plants, law
enforcement, and other community  services.

Green practices alow city leaders and partners to reduce
health, environmental and financial risks and promote
sustainable economic development; including local
green businesses and jobs. Components of ‘smart’ prac-
tices can include (but not limited to) building retrofits,
green infrastructure or low impact development (LID),
clean fleets, waste reduction and material reuse. (Riga,
2013)

Many cities have discovered the business case for sus-
tainable practices and are taking steps now to incorpo-
rate smart practices. With the help of federal programs,
utility companies, foundations, businesses; cities have a
multitude of financing options available to minimize
financial barriers to implementing ‘smart’ practices.

For instance, Los Angeles creatively leveraged EECBG
funds to reduce energy consumption in public buildings,
multi-family affordable housing and commercial build-
ings. As of July, 2012 Los Angeles is also saving more



than $ 3.8 million a year and reduced their energy use
by 61% by converting 92,000 streetlights into LED
lights -- the equivalent to 25,000+ tons of greenhouse
gas emissions per year. (Riga, 2013)

Cities will require transformations in applications and
governmental frameworks, incorporating all of the com-
ponents into the big picture to fully become ‘smart.
There is a search for the “thread” that connects innova-
tions that have the potential to be transformational in
different sectors, from energy and water to buildings
and transportation.”

Successful development of a smart city will require the
combining of a bottom-up systems approach with a top-
down service development and a data-centric approach.
Technology integration includes vertical integration
from sensors, to low cost communication, real time
analysis and control, and horizontal integration of his-
torically isolated systems up to citizen-based services.
Combined, this creates a system of systems.
(Commision, 2014)

Extending the Internet to create smart cities

Growing cities increase complexity

The megatrend of urbanization will dramatically shape
not only cities, but the entire world. Urbanization has
created a pressing need for infrastructure investment,
regardless of budget limitations and austerity programs.
Cities must have functioning traffic systems, intelligent
logistics, efficient energy supplies, and environmental ly
compatible buildings. Studies suggest that cities are
investing on average €2 trillion a year. But managing
growing cities with decreasng budgets and increasing
complexity, along with the expectation of a higher
quality of life places heavy demands on both infrastruc-
ture and environment. The megatrends urbanization,
demographic change and climate change will shape the
future. City managers need to respond to these mega-
trends to make critical decisions about infrastructure
today that will meet future demand. (Siemens AG,
2013)

Today, the quality of air and water, the movement of
people and objects, the changes in weather, the road
traffic, the production and consumption of energy, can
be measured by sensors, and tracked and interconnected
through networks in real time. It is through intercon

necting buildings, factories, vehicles, power generation
plants, lighting, that cities will be "smart".

Empowering people in Smart cities

In the same way that the IT revolution has been driven
by consumer needs, so too will the energy revolution.
As blogs, social networks and video platforms have
enabled people to produce information and customize
their content, new technologies will make possible ener-
gy self-production and customization of energy usages
and consumption.

Smart cities will aso enable the use of open data which
will create new urban services such as better transport
connections, accident risk warnings and home monitor-
ing for part-time and full-time careers. Local councils
will have greater responsibility for ensuring the collec-
tion and the public avail ability of this data.

Integrating Technology and Government for Trans-
forming City Infrastructure

Rather than being an expense, smart technology integra-
tion can create considerable opportunities for added
value in any city. As urban populations continue to rise,
cities will face unprecedented infrastructure demands,
and improved public private coordination is needed for
better management of energy, water, transport, buildings
and other urban i nfrastructures.

A variety of tools are available for strategic investments,
smart policies and breakthrough technological innova-
tions to enable cities to better respond to increasingly
complex urban planning, design, technology and devel-
opment challenges. (Riga, 2013).

Emerging information and communication technologies
(ICT) integrated and enabled through the devel opment
of smart electricity grids can help reduce demand for
electricity, manage loads and help make cities more
efficient. The information and communications technol-
ogy revolution is making the connections not just possi-
ble, but real.



A Variety of impacts of Smart cities

Technology integration helps cities to improve efficien-
cy, enhance their economic potential, reduce costs, and
open the door to new business and services, and im
prove the living conditions of its citizens. A key condi-
tion for val ue creation through i ntegration is the compat-
ibility of technologies; which is best achieved through
common and consensus-based standards that ensure
interoperability. Presently, however, smart city projects
concentrate mainly on vertical integration within exist-
ing independent infrastructure and services silos, e.g.
energy, transport, water or health. A truly “smart” city
requires horizontal integration as well as creating a sys-
tem of systems capable of achieving considerable in-
creases in efficiency and generating new opportunities
for the city and its citizens. (Commision, 2014)

Apart from various i mpacts of Smart cities, the sustai n-
ability impacts on the mgjor three sectors are discussed
below:

Construct or invent a new economic model (the eco-
nomic factor): Smart Cities provide citizens with the
capacity to develop their economic potential, and attract
business and capital.

With the global financial crisis, the economic sustaina-
bility of cities has taken centre stage. The crisis has un-
earthed considerabl e weaknesses in the financial models
and planning strategies of public authorities in the pro-
vision of servicesand in their infrastructure investments.
Their financial sustainability now depends also on new
financial models, as well as more efficient and better-
integrated services and infrastructures. (Commision,
2014)

One well-known example within this field is placing
light sensors at lampposts, so that lighting is switched
on/off depending on the level of daylight, or even when
someone passes by through the street. Not only is this an
improvement in terms of efficiency, but also in terms of
economic benefit. Other example could be the case in
Masdar, where the driving idea was to change the oil-
based business model of Abu Dhabi Emirates to one
based on renewable and alternative energy sources.

Reduce energy consumption (the eco-sustainability
factor): Cities face a number of environmental sustain

ability challenges, generated by the city itself or caused
by weather or geological events. Eco city reduce the
impact of the city on the environment resource to pro-
mote the efficient and intelligent deployment of tech-
nology and to integrate infrastructures. Eco cities are
developed in such a manner as to increase the resilience
of the city to environmental shocks. These three pillars
have one common denominator, namely the need to
achieve more and better with |ess efficiency. Efficiency
is achieved in a manner that brings benefits and oppor-
tunities to citizens, making the city more dynamic and
participatory. (Commision, 2014)

One well-known example within this field is placing
light sensors at lampposts, so that lighting is switched
on/off depending on the level of daylight, or even when
someone passes by through the street. Another classic
example is the collection of garbage: having sensorized
all garbage containers with volume sensors, alows cal-
culating the most efficient route to pick up trash wher-
ever necessay. Not only is this an improvement in
terms of efficiency, but also interms of citizens' percep-
tion, since containers never get to be filled to capacity as
the garbage truck passes as soon as it is needed. The
best example of this is the Amsterdam Smart City pro-
ject, where reducing energy consumption and more effi-
cient energy usage were the key motivations for the
project.

Improve the quality of life in a city environment (the
social factor): A city’s attractiveness for people, busi-
ness and capital is closely related to the quality of life
(QolL), business opportunities and security and stability,
which are guaranteed by social inclusiveness.

This is best exemplified by the Suwon Smart City pro-
ject where the initial goal was to improve the lives and
education of citizens, and i mprove government services.
(Salterbaxter, 2010)

These three drivers are not mutually exclusive. They are
all major reasons behind the establishment of Smart
Cities, and they can all be found playing a role in the
initiation of a project. They do not exclude that in a spe-
cific Smart City context another driver may be present,
but considered less important. In fact, the Alcatel-
Lucent analysis revealed aspects of different drivers in
each Smart City project. (Lucent, 2012)



Conclusion

Effectively utilizing science and technology requires
more than just expanding technical knowledge and
tools. Supportive and coordinated governmental frame-
works are needed to provide accompanying social, eco-
nomic and policy innovations. Successful public private
partnerships are taking place and can lead to transfor ma-
tional change; however, additional models, pilot projects
and data are needed to scale up new frameworks for
smart cities.

The approach of smart cities is to improve resource
management by adding connectivity and intelligence
within existing. Therefore, Smart cities are sustainable,
resilient and efficient. Sustai nability is about interweav-
ing economic, social and environmental elements to
develop holistic and adaptive policy processes; thus
creating more reslient communities. Sustainability is
about long-term prosperity, and resiliency is about the
ability to adapt to change — they go hand-in- hand.

Smart city is the need of future world to cope up with
the increase urbani zation and high demand of energy in
a part and the depletion of natural resources and hiking
price of the energy on the other part. Therefore, Smart
city can be a better solution on transforming the city to a
sustai nabl e better future
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Abstract: This paper aims enhancing rural energy scenario of Nepal through the integrated renewable energy
technology thereby replacing the existing conventional, unprocessed traditional energy being used. Traditional
solid biomass is still being used extensively, contributing to 87% of the energy demand thereby causing nega-
tive impacts in human health and environment as well. There is considerable disparity in electricity distribu-
tion and consumption patterns between rural and urban areas, as the benefits of electrification are largely con-
centrated to urban areas. Due to the uncertainty in the availability of renewable energy resources, it is prefera-
ble to use an integrated renewable energy (IRE) system to increase system reliability. Despite of having abun-

dant renewable energy resources in the rural areas, the most of the rural area is still deprived of the clean ener-

ay.
Key words: Renewable Energy, Nepal, Rural areas

Introduction

Energy is the most fundamental need for the
socio- economic development. Energy has
been in use since very ancient time in different
forms and through various sources. The provi-
sion of affordable and reliable energy service
is considered elementary for sustainable de-
velopment. The majority of the non-electrified
rural communities in developing countries
(more than 2.4 billion people) relies on non-
refined or unprocessed traditional energy
sources including firewood, agricultural resi-
dues, animal dung and charcoal to meet their
daily energy demands for cooking, heating
and lighting. Until 2030, around 2.7 billion of
the poor rural commuities in developing coun-

tries are believed to continue using traditional

biomass energy sources to meet their energy
demand (WEO, 2006; Zahnd and Kimber,
2009).The use of traditional unprocessed
energy sources can cause serious health ha-
zards in human health. For instance, burning
of traditional unprocessed solid biomass in
poorly functioning stoves is recognized as one
of the major drivers of indoor air pollution in
developing countries (Bruce et al., 2000; Ful-
lerton et al., 2008; Malla et al., 2011; Warwick
and Doig, 2004). The long-term exposure to
indoor air pollution is associated with in-
creased risk of respiratory and other health
problems including acute respiratory infec-
tions (ARI), chronic obstructive pulmonary

disease (COPD), lung cancer, tuberculosis and



Asthma, especially in women and children
under the age of 5 years (Bruce et al., 2000;
Smith, 2002; Smith et al., 2004). Indoor air
pollution has an important global impact on
human morbidity and mortality where biomass
fuel smoke exposure is responsible for 1.6
million deaths per year and 2.7% of the global
burden of diseases annually (Fullerton et al.,
2008; WEO, 2006; WHO, 2006). Therefore,
least developed countries like Nepal require
considerable effort to provide affordable and
reliable energy access to its rural communities
(Sapkota et al., 2013).There is significant dis-
parity in access to electricity amid rural and
the urban areas of the developing countries.
The rural areas are deprived of grid electricity
due to the geographical complexities. . Rural
communities in Nepal spend more than one
third of their household expenditure on energy
services. Moreover, they devote a large por-
tion of their time to energy related activities,
with women and young girls spending more
than 6 h a day gathering wood and water,
cooking, and processing agricultural products.
Access to modern energy services can there-
fore make a real difference to the lives of
people in rural communities in Nepal (UNDP
2005).There is considerable disparity in elec-
tricity distribution and consumption patterns
Methods

This paper aims enhancing rural energy scena-

rio of Nepal through the integrated renewable

between rural and urban areas, as the benefits
of electrification are largely concentrated to
urban areas . Consequently, only 34% of the
rural population had access to electricity in
2008 where contrastingly, 90% of the urban
population had access to electricity during the
same year (Nepal, 2012).

Integration of locally available renewable
energy resources can contribute a lot in en-
hancing clean energy in the rural areas. Due to
the uncertainty in the availability of renewable
energy resources, it is preferable to use an in-
tegrated renewable energy (IRE) system to
increase system reliability. An IRE system
utilizes two or more locally available renewa-
ble energy based systems and may be a cost
effective solution to meet the energy demand
of remote areas. Further, such IRE systems are
non-polluting, reliable and reduce the total
operating and maintenance cost. In order to
utilize the available renewable energy re-
sources efficiently and economically. The op-
timization of integrated renewable energy sys-
tems helps reducing unit cost of energy. An
optimal IRE model comprising Micro hydro,
Solar PV, Wind energy, Biomass, Biogas etc
can be generated according to the local availa-
bility

energy technology thereby replacing the exist-
ing conventional, unprocessed traditional
energy being used in the rural areas. However,

the modeling of an IRE system is a very com-



plex task which requires the development of
mathematical models for each component. To
develop an integrated RE technology , there
comes a need to case study a remote village of
Nepal which is based on the traditional energy
sources. The objective of the study would be
to minimize the total cost of generation and
cost of energy of IRE for the proposed study
area .After a selection of particular remote
area for case study, the total energy demand of
all the sectors in the area is to be estimated on
the basis of the number of households and
population of the villages. Seasonal load de-
mand is also to be determined for different
load sectors such as domestic load (lighting,
TV, fan and radio/music system), community
(primary health center, street lights and school
lighting), commercial (lighting for shops and
flour mill) and small scale industrial load (saw
mill or paddy huller). The estimation of total
energy requirement of the study area is to be
made on the basis of minimum desirable sea-
sonal load profile and hourly load. The annual
energy generation can be calculated using ma-
thematical modeling techniques and annual

capacity factor defined by actual generated

Results

The renewable energy potential of Nepal is
estimated to be about 50 MW electricity from
micro hydropower schemes, 2100 MW from
solar and 3000 MW from wind (SWERA,

energy in kWh/yr to the maximum generated
energy in kWh/yr. The total annual load can
be synthesized through HOMER software
based on estimated value of seasonal hourly
load.

In order to assess the potential of renewable
energy resources, an extensive survey is to be
done to collect the information regarding the
availability of biomass, solar irradiation, mi-
cro hydro and wind speed. The potential as-
sessment of solar photovoltaic (SPV), micro
hydro generator (MHG), biogas generator
(BGG), biomass generator (BMG), and wind
turbine generator (WTG) is to made as per the
available standard methodology.(A.Chauhan
2014).Mathematical modeling is to be used to
find out the approx. potential of particular re-
newable energy. Optimization results in terms
of optimum total generation cost and cost of
energy considered can be obtained through
Genetic Algorithm based approach relating
with various OPF(Optimization Power Factor)
values. Furthermore, deficit energy and cor-
responding CIC(customer interruption cost)

can be computed for different OPF values.

2006; WECS, 2010). Moreover, the country
has the capacity to develop about 1.1 million
domestic biogas plants (SREP, 2011; WECS,
2010). Traditional solid biomass burning
stoves have a low heating efficiency of 5-10%
compared to that of the Improved Cooking
Stove (ICS) (25-30%) (Barnes and Floor,



1996; Pokharel, 2003). Apart from efficiency,
use of an ICS can reduce firewood consump-
tion by 50% and indoor air pollution by 80%
(AEPC/ESAP, 2012; Sapkota et al., 2012). . It
has been estimated that approximately 420 t of
biomass per year has been saved by the use of
ICSs which is equivalent to 262 ha of forest
area (AEPC/ESAP, 2012; Sapkota et al.,
2012). Adoption of ICS technology can
achieve green house gas (GHG) emission re-
duction (ER) by 1.2 t CO2 equiv/plant/year
and has a carbon mitigation potential of
8.34%. (Sapkota et al., 2013). Use of biogas in
rural household can save about 14,268 t of
biomass per year which is equivalent to 8,917
ha of forest area (Sapkota et al., 2012). Biogas
technology has the highest (78%) carbon miti-
gation potential and can achieve GHG ER by
2.3 t CO2 equiv/plant/year (Bajgain et al.,
2005; Sapkota et al., 2012). Certified emission
reduction (CER) from solar PV and micro hy-
dro scheme is estimated to be 0.22 t CO2
equiv/iyear/ plant and 23 t CO2
equiv/year/plant, respectively (Sapkota et al.,
2012).

However this article itself is not a research
based article, the results of the integrated re-
newable technology in rural areas is refe-
renced through the other research based jour-
nal articles. Based on the genetic algorithm
approach, unit cost of energy in four different
zones of Chamarajanagar district of Karnatak

state India has been computed for OPF value

1.0 and results for zone 1, zone 2, zone 3 and
zone 4 were found as Rs 4.09/kWh, Rs
4.50/kWh, Rs 3.91/ kWh and Rs 4.26/kWh
respectively. (Saini S. R., 2016) . The inte-
grated model will only be feasible if its OPF
value lies in between 1 & 0.8 .And if the OPF
value lies below 0.8 the model doesn’t seem to
be feasible. (Saini S. R., 2016) . . It has been
observed from Fig. 6 that the IRE model is
capable of supplying energy up to 80% of the
load as long as the OPF value is 0.8. For OPF
value less than 0.8, the system becomes in-
feasible due to the unavailability/non-
functioning of resources. Hence the cost of
generation is increased. Therefore, it is con-
cluded that, deficit in energy increases with an
increase in customer interruption cost and the
proposed IRE model is found to be unfeasible
for OPF value below 0.8. (Saini S. R., 2016)
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Conclusion

Despite of having abundant renewable energy
resources in the rural areas of Nepal, the area
is still heavily dependent on the traditional
unprocessed sources of energy thereby de-
grading both the human health and environ-
ment. The GoN has set up the far-sighted goal
to increase the share of renewable energy from
less than 1% to 10% and to increase the access
to electricity through RETs from 10% to 30%
by 2020 (SREP, 2011). In order to achieve its
long term vision, the GoN has planned to in-
vest US$1076 million in RETs sector of which
US $115 million will be allocated to hydro-
power (mini/micro and pico), US$333 million
for solar home systems and US$135 million
for biogas by 2020 (MOEST, 2009). Consider-
ing the country’s poor financial condition,
persistent energy shortage and frequent power
outages, Nepal has been in consideration for

assistance under the Scaling Up Renewable
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Fig, 8. Variation in deficitin energy with OPF value for different 20nes.

Energy Program (SREP) in Low Income
Countries (CIF, 2013). The GoN will be allo-
cating a fund US$40 million from the SRE.

Beyond all these initiatives the renewable
energy sector of Nepal is still lagging back
.One of the reasons for this backwardness may
be due to the fact that energy sector in Nepal
is driven by the centralized decision making
system which lacks transparency and often
subjects to lengthy bureaucratic hurdles (Nep-
al, 2012). Lack of experience, inadequate net-
working between energy compa-
nies/distributors of renewable energy systems
and micro-finance institutes, and inadequate
cooperation between different renewable
energy projects/programs are also impeding
the installation of RETSs in rural area. Moreo-
ver, RETs are being promoted without ex-
amining its target and end users (Karki et al.,
2010).As most of the rural areas of Nepal are
economically not sound thereby causing low

purchasing power of rural peoples, so the



private sector is not so interested in investing

RET in rural technology. Lack of technical

capacity is another fundamental factor to im-

pede the development of RETs in Nepal. Giv-
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