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Embodied Energy and Carbon in Selected Materials

Material Energy MJ per kg Carbon kg CO; per kg
IAluminum (general & incl 33% recycled) 155.00 8.24
Bricks (common) 3.00 0.24
Cement mortar (1:3) 1.33 0.21
Ceramic tiles 12.00 0.74
Clay tile 6.50 0.45)
Concrete (1:1.5:3) 1.11 0.16)
Concrete block (Medium density) 0.67, 0.07,
Glass 15.00 0.85
Iron (general 25.00 1.91
Plywood 15.00 1.07
PVC (general) 77.20 2.41
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Why green building? Key concerns

Building Construction Processes
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Green Building Rating/labelling
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Extraction of

Raw
Construction
Materials

transport

Selection of
Raw Materials

Use of Local
Construction
Materials

Clean
Development
Mechanism

Transformation/
production of

Building Materials

Selection of

Building Materials

Production and
Transformation
Techniques

Construction
Policies for Clean

Development
Mechanism

37>>> Learning-Researching-Networking

Building

Utilization and

Desig Hea

Construction
Technologies

» Energy
Building Codes Efficiency

and Municipal P s
Ebfkis Incentives

POLICY DIMENSION

Energy Eff. Cooling and Air Solid Waste Demolition
Design cor Managemen Technologies
Cooling Fuel

Demolition,
Reduction,

Urban
Environmental
Planning,
Mgmt and
Maintenance

Reuse,
Recycling of
Building
Materials

Transportation Transportation

Water and Reuse of
Sanitation Materials

Building Codes
and Municipal
Bylaws

Housing and
Planning Codes
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LDTA>>> MoFAGA
>>> Learning-Researching-Networking A northern vie

 of central Kathmandu and the Tundikhel from atep Dharahara in
core of Kathmandu consisted of a_mass of brick and roof-tiled

the late 1920)s.
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The Palace Complexes in the North East of Kathmandu City

. WQOOOWWMWWWWWWW
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A northern view of central Kathmendu and the Tundiklel from atop Dhavahara in
the Inte 1920s. The core of Kathmandu consisted of a mass of brick and roof-tiled
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MoFAGA
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. . Bg@ 27.5'[Brisbane]
(Passive Solar Design) - %%;,D@@
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DRI A

Urban Agriculture-
e g by product

o ;‘
= 10"
B unmHasTar

Community Waste
living management
Urban
Agriculture
y &
Family change
economy adaptation &

mitigation
LDTA>>> LDTA>>>
>>> Learning-Researching-Networking >>> Learning-Researching-Networking
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Consumers

» Supply chain analysis
+ Capacity building
» Policy facilitation
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T fa6r qRTeT0T Gt “An Autonomous, Professional, Client

(<A P S SRTST 99, 20w gRT wr) Centered, Gender Responsive National
(% - B Institute of Excellence in the area of

o Local-Self Governance."

- 4)

Local Development Training Academy
e (Established by Local Development Training Academy Act, 2049) LDTA >>>

gfid 3marg

Ty gguanft fEamsa

(Passive Solar Design)

+977 (1) -5522004, -5521051
+977(1) - 5521521
Idta.org.np@gmail.com
www.ldta.org.np
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MoFAGA

70

= Passive Solar Design 3raifd &Tat AGUADT B1S siceier € Sail3or
JATGTAT JUCTCE AT T RITSTATDT STRYR JUAT IR MATIETS 3371
REBRIA I SAEATS RGN Toll3ar BT Al |

" IR YRINIE EHhIAR Udhdicl UGl J1Reh! Eid A ATat
1Y JURITOT JTol 3 SITNREED! SIaIAAT cIAAATS UcBI3ol cord
OGS | A SAABAT SGAR HTAD! GATGHCATS JUCTCE! AFTAAT
Jbcol I ANMARID JII JUAOT Jlet b UfeT I 33715a
36a0TT UEH |

LDTA>>> 74 MOoFAGA
>>> Learning-Researching-Networking

*  SUTAD! 613ﬂ Gyah m Nepals geological profie




s "
. y dlloid S §I5IE:

» Sub-tropical

RIS qe BT T

(90041 ATd)
* Temperate

TGRS &5

(92008 3R 29003f)
* Cold climate

fRaeT &5
(004t afcar Tfen)

. Smacja 2008, adpated from i n amsay, 1486

o G AGUART RBSal:
— S SRR 33TSel

* Sub tropical, temperate

— 3?%31 (orientation)
* South or North face
— BT (shading)
* 3ARIADBAT AR AT IUAT
JTet R Bea
— Passive solar heating
* Termal mass

— Passive cooling

* appropriate ventilation

— Sealing

¢ 15-25% heat loss can be
controlled by better sealing
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Large pitched roof facing south.
sultable for ol panaks

Dﬁ . ', e Pagsive ventlamion uses

natistal airfiow t managd

intarral nemwalureﬁ

High quabty building fabe
— insulated, air ght, no
therrmal beidges
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block winter sunlight
Thermal mass
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+—— South releases heat

(Sub-tropical Zone)
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Thermal transmittance, also known

as U-value, is the rate of transfer of
heat through a structure (which can be
a single material or a composite),
divided by the difference in
temperature across that structure. The
units of measurement are W/m?K. The
better-insulated a structure is, the
lower the U-value will be. &.:Ti
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LDTA>>>
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BiXcl SIAIaHT (HHICT ATHYIEchl bl

Prior to 4000
BC

* Soil, stones,

reeds/ thatch,

Sun dried
bricks/adobe,
unprocessed
timber

LDTA>>>
>>> Learning-Researching-Networking

4000 BC-1800
AD

* Burnt clay
bricks, lime,
cast iron
products, lime-
pozzolana
cement

1800 AD-to

date

* Aluminium,

steel, glass,
Portland
cement, plastics,
other smart
materials, nano-
materials, eia

MoFAGA
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Conyventional Buildings

Phenomenal growth in the construction industry
that depends upon depletable resources
Production of building materials leads to
irreversible environmental impact (High embodied
energy and High CO2 emission)

Do not perform well in severe temperatures (Hot in
the Summer and cold in Winter)

Need high cost for heating and cooling as well as retrofitting

Costly construction
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Sand and pebbles
Mining

»  Somuch sand and pebbles have
been gouged out of the Agra River in
Thakre Rural Municipality that the
riverbed has gone down by 5 metres
in the last 45 years

https://kathmandupost.com/mone;
/2018/03/14/environmental-
damage

Building Materials

Quantity of Materials (Kg) 02 Emission Embodied Engergy
o ""‘:"‘ sad s
z‘ |?9|
l!nel
= TYPICAL LOW RISE
To enhance sustainability BUILDIN , ~cfs,

Need to optimize the use of steel, concrete as well as replacement
of fire-brick

78

Over Extraction of Natural Resources

Needs of sustainable and safer
Building Materials & its Technologies




What is Green Construction Materials

Green Materials are those material that
provide environmental, social and
economical benefits while protecting
public health and environment over
whole life cycle from the extraction of
raw materials until the final disposal

Hupdegradablo

Rensedrecycle

produet

mbadlied Ewery
¥ Alely Energy
Lacal Availabiliny Efficiency in
Baildings

Redwetfon in air, Phrabiificy &
teanl cansid water Life span

patlatinn

Earth Construction

79

Green Construction Materials

& Less embodied energy
3 Less carbon footprint
More thermal comfort and

Safe & Sustainable




Monolithic wall pafels
cement stabilisedjearth; are
compacted between stiffened
shutters wellsupported fo
spread.

prevent late

Compaction is normally done
in 100-150mm layers by

" pheumatic tamper or hand
rammers

LDTA>>>
>>> Learning-Researching-Networking

Unit weight of rammed
earth is in the range of
1800—2000 kg/m3.

Liquid limit 27.8%
Atterberg limit piastic limit ~ 17.7 %
Plasticindex 10.1%

LDTA>>>
>>> Learning-Researching-Networking

MoFAGA
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Optimum water content
is about 9.5 — 11.0%.

LDTA>>>
>>> Learning-Researching-Networking

Clay and silt particles
< 0.06 mm should be
20% - 30%

Not contain particles
larger than 38 mm

MoFAGA

28 days compressive

Compressive Strength

strength curves

" = |y
I — |#
: -5 3
i“ -, a i.-
j . - i
i

LDTA>>>
>>> Learning-Researching-Networking

under 20 Mpa pressure

Warer Abmeptin %

I T
Compartion Prassurs (Mas)

Vertical displacement 7%

15,20 Mpa pressure wall

s . =
wertical Displacement in mm

MoFAGA




Rammed earth walls - Simulation

L3

saimonig pauayibuang

Un-strengthened Structures

3omes €| &

Thermal Performance - Rammed Earth

Thermal Performance ofa Rammed Earth Buildingin
Kathmandu

81

Findings

* Unstrenghtened Structures
the difference between the maximum tensile stresses (o = 0.450
MPa) and the allowable values (o = 0.130 MPa) in several
locations is very high and clearly indicates that damage would be
extensive, eventually leading to collapse

» The strengthened structures showed much lower levels of
displacements and stresses in the earth elements than the non-
strengthened structure

» The most effective reinforcement strategy is adding RC beams at
the top of all walls, and adding RC columns at all wall
intersections.

» All this indicates that earth structures may survive strong
earthquakes with moderate damage if properly designed and
reinforced.

» Adding RC elements and soil improvement to limit the level of
damanaes

Bayalpata Hospital, Achham




Rammed Earth
Buildingsiin
Kathmandu

LDTA>>>
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Sand 50 SRS Clay 2

LDTA>>>
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Soil Stabilization
« reduction of soil plasticity
(permeability of soil)
« Increase strength and cohesion
of the soil
« Improvement its workability
and also resistance of erosion

Three modes of stabilizers
1. Mechanical stabilizer (under variable
57 % compaction pressures)
Cement as 2. Physical stabilizer (with a standard
a Chemical soil sample)
Stabjlizar 3. Chemical stabilizer (different
percentage of Lime and Portland
cement)

Soil Identification

+ No top soil and soil
with organic matter. &
* Grain size distributiol
- more of sandy

82
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Advantages :

Use local materials L S8 L1580 SENGO HUBIIAG B MOENG
Simple technology - improved fi y ‘.

of Sun-burn Brick , "RCC Building

Less pollution emission (8 times less

' e

than brick) & energy consumption
(15 times < Brick) '

Excellent Indoor Air Quality
« Excellent thermal performance

LDTA>>> MoFAGA
>>> Learning-Researching-Networking
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CSER lias these adva mpared to fired bricks:
| Palluthon emnissian(ig of CO.m') Energy consunption (ALY ]

| 7.9 tiames bese than country fired lnicks | 151 tinees less than connery fivesd bricks ]

Ecological comparison of billding inaterials

Aot snd dileksss Noof L Ener _-_\_ conspion | || .rzu.w..u.-u Day e u,-!c\. ve
iper (N per ) {2 per strength (Ke'ou')
CSER-24 e 40 110 16 htil)
Wire Cut Bric £T 539 £ 100
Comutiy Fired by 2 10

ks-20 cm

‘ 100
Tote: Wite Cut lixk

menr Alrmatives 1598
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.

o =
CoE

>

y = Test result

Forsperir wrngh

Increase compression strength with increase the
cement contains and applied pressure

pesaiaive strorgh of sl Black 11
e

Comaee Cortart 15

sl b, fir

Figguare 36 L1018 o comanit &
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CSEB - Test results
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Water absorption Capacity

* Decrease with increase of cement content and
compaction pressure

CSEB - Test Results
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CSEB - Test Results

Higher the compaction higher the compressive strength

90 -

su% | =
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Compaction Pressure (ke om')

Figure3-11 Compaction pressurc with respect to loss in strength of CSER

Compressive strength of CSEB

28- Days compressive strength
Compressive Strength of CSEB at
Different Casting Pressure
10 Mpa 15 Mpa 20 Mpa

4% 23.84 33.52 43.99|
7% 58.3 67.04 73.99
10% 64.94 7542 85.89]
13% 73.32 82.96 92.17|

Cement content
Y%

o - 131 -




Direct Shoar
Strength Test

.29 MPa

85

Strengthening

Green Schools in Morang

2# FC Channel

Roofing

2# CGIl Roofing
with local
material false

-

Gyanodaya|Primary School
Maie. Daghighrat




Green School building at Sigati Dolakha

LDTA>>> LDTA>>> MoFAGA
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REE and Green School Bulding #f Wocang

Advantages: : -
Ihermal Performance s TN
: . m,“'_‘:‘.,”"" |
Advantages : o S ek Tomppcatio Vst i e ish At

* Use local materials

+ Simple technology - improved from
of Sun-burn Brick

« Less pollution emission (8 times less
than brick) & energy consumption
(15 times < Brick)

+ Excellent Indoor Air Quality
« Excellent thermal performance

LDTA>>> MOoFAGA LDTA>>> MoFAGA
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86



LDTA>>>
>>> Learning-Researching-Networking

Straw-bale
Pannel for
urban housing

LDTA>>>
>>> Learning-Researching-Networking
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Stawbale
Construction

LDTA>>>
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MoFAGA
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LDTA>>>

Strawbale

Shake table test done by The University of ube. tch?v=MMIL9HE6Yus

>>> Learning-Researching-Networking

MoFAGA

LDTA>>>

ADVANTAGES

Eco-friendly

Strong and durable

Cost effective

High health value and excellent sound insulation

Lightweight and waterproof structure with good seismic resistance

Dry, properly compressed and sealed straw-bales provide excellent fire
and pest resistance

Easy to build and requires less skill base

>>> Learning-Researching-Networking

MoFAGA
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Strawbale
House in
Boulder,USA
& Pakistan

LDTA>>>
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MoFAGA
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Limitation

protect is a ¢

Straw-bale construction is a cost-effective
option if straw is not readily available and needs
to be transported over large distances.

Straw-bale houses require thicker walls due to
which the carpet area is reduced for the same
floor area as compared to a conventional
building.

It is not suitable for extremely wet and humid
climates. If a good roof is not provided, then the
straw-bale walls are subject to rotting and
deterioration.

Being a y new building technol: , it
might not be easily accepted by the society

148
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Airated
Autoclaved
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LDTA>>>
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5 3 y 5 *  The characteristic compressive strength of AAC block is found
Compressive sirengin t0 be 2.8MPa

of AAC block:

*  AsperlS 2185, compressive strength should be > 3 N/mm

Sample | fm fi-fim | fm)2 |
Test | i3 -1 0003
Test2| 33 | 00 | w00l |
Test3 | 2K | 05 | 0294 |
Testd | 37 | 04 | 0137 |
Testd | 3b 03 | 0073 |
Sum | 167 | nass

tm
2D i
Assumifig ¥ percent acceptable risk
Charctenstic strength of AAC block 18
fk=Fm=l 645D

fic 28 Mpa
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Tact Pac J_n > +  Compressive strength of Masonry Prism is
f: I KESUIIS found to be 1.18MPa

LDTA>>>
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Hollow Concrete
Block
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Thermal Performance
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Temperature Inside and Outside in Hollow Concrete Block Building
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Achievements
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Embadied Energy (MUmZ)

Carbon Emissions (COZ per kg)

Erecgy Efficency (-vmlie]

. “L

Burnt Brick  Hollow Conerete  CLC Black e |
Blodk
. [ —
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v Incorporated some components of Green Building in
Nepal National Building Code

v Draft Green Building Guideline and submitted to DUDBC
for approval

v Incorporation of Green Buildings components in
building bye-laws
v Incentive mechanism in three municipality
v Draft Green Building Rating System
[
Information Centres
¢ Established Information

Centre in three Cities
municipalities

LDTA>>> MoFAGA
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Nepal Green Buildings Guidelines

NEPAL f S | — 4
GREEN BUILDINGS :
GUIDELINES
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(Rainwater Harvesting)
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LDTA>>> 161 MOoFAGA LDTA>>> MOoFAGA
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Discussion topics

Why rainwater harvesting
Harvesting potential

Technicality of rainwater harvesting
Examples

LDTA>>> MoFAGA
>>> Learning-Researching-Networking
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o JIRAT bfd Ulel BD

138,000,000,000,
000,000,000
Litres
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Water vapour into
the atmosphers

I.I.l utf
e

Jwvanile watar Water expanses N
nflow for hydration

Area of closed region: Area of exorheic runoll Ocean area,
all 30, ; 361,000 km?
runatf 38,000 km? 119,000 km?

HYDROLOGICAL CYCLE

alcTumh
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2.5% OF TOTAL GLOBAL (Freshwater)

TOTAL GLOBAL (Waler)

60.9% Glaciers & Permanent
Snow Cover

29.9% Fresh
Ground water

World Water Resource

1.386 billion KM3

0.3% Freshwater Lakes and 0.9% Other includin
(EIrEED River Storage. Only this soll moisture, swamp
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Global Water Withdrawal and Consumption
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Freshwater Stress
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Water withdrawal 3 percentage of totdl avalable
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Right Quantity
Right Quality

at
Right Time

LDTA>>> P S JoshiMefaga

>>> Learning-Researching-Networking

95

* JUCTCEAT
Availability
et * gitaar
oGl Adequecy

forafar
A e Reliability

° H
Quality

Ui UTelt cAGRNUoeTeh! Jolrd!
UATdDR] I 3UIRD Ulelidl 3u=ar

LDTA>>>
>>> Learning-Researching-Networking

MOoFAGA
176




o gufcor U STefieTdll Wal Gifes AL Jdbeiol Il

* S NidD! Uleliars STofieian Akl RER UfE 3UAoTat
3ol

LDTA>>> MoFAGA
>>> Learning-Researching-Networking 177

SASAHT AT UleiddT AT JTat

. Siafiorey A droeT 1 UTeN fercpIeat AT a1 AefioTa
ureht aill3 Afpor & |

* STdficial &3, Id1, I VRS dod llar arsller ureh
Izt urslldat |

* IIH 3o Uleh GTale BT BTN STEIdN Y8 SIFct JIe
SIS ol AT ureht T@Ldat |

LDTA>>> MoFAGA
>>> Learning-Researching-Networking

96

SASACHT ST Ulehicd! SAT JTot
* ST HATT UToR folebicallcT Sabab, doetapdl, et
ST G AREDAT ATIARD SWT Uot ATeTapT Bof
* S9TET AEITd Ureh feTaTeaTer
O UTciich! A DHal §ob
o Fdfia STRAS o8
O &l TTaUT STEHT UTGT I JUCTce §oB

LDTA>>>
>>> Learning-Researching-Networking

MoFAGA




‘- B : i '—'F\_.‘ -
* 3ifECY JUCACHIAA- 3Y- Tl gerget [BU JoTsTe Well RrerRur
. 668 3 e —_

DHIOIS! FUCADBISA It J1ef a¥aT wda
s¥eil 90,000 &R 3000 st idftel
RDIELT| YafeRe SIS

AJDT 31ef BIGATS! JUCADIA T Q T SRATT
SAED! STaftcT UTeh aiftot I BIfebeE

IET TS R FoidN 36 THSAT DISIHTS!
HRIGIIRUIADT SAEID! Sidfel U3 AT §o&

97

I MBI JHIIATSAT AN ThBI
Ureht Sidficiat dlfehe] 3> TADIEDHGET
3 I §od | I3l §oB
SIEGH BIGTAT fépaifep UTaiiah! T
U Ul o3 F¥d Suia ufer

DTS J[Rle] Udol IR go&




Q. gufae! ifer¥adar

Q. SNfdadT ATAIID AT (Temporal Distribution)dT SIRAGTAAGT

R e UreR! g€ RIIE SIT GRS )

9. 31811d STEch] SIS SNfceh! AT GIYIT Ulehich! AT
3T UTeH JULATOT JTaf

Q. JAM JHADI T S@T ot

TR ITHT Febea: FHTEAT ¥ fafaes

98

I FUCADIA A 90 FR T AN
maﬁa’r 3000 STafier AT IS
: \ e _,__. - '. *';ﬁ._.’ﬁ';:“ = |

ATHTY AT HebeA=T: FATEAT ¥ faiees
TG I AT AT B 509, Tl FbeAd T Fiehes,

Saleul:
000 = fthe @HTH SR HUH! HISHTSIHI TTHT

TR (S[ATS) HEIATHT Feberd T @Alehel aTAr:
FAR= QITT [,  TUTAHl g7 = 0. %Y T
Hheld AR TN = 43 X 0.%¥Y X 50% = 33.¥ O« I
T GATeTE AUALAT §oTE %ER [qeR 9T AR 46,




WHY...Harvest Rain?

» A natural resource presently wasted (?)
» Prevents ground water depletion

= A good supplement to piped water

= Relatively pollution free

» Improves water conservation and self-
dependence

= Positive cost benefit ratio

When we harvest rainwater
we conserve valuable water resources!

Conserving water for future

We are extracting more
ground water than recharge

Construction of buildings, roads and other

infrastructure is sealing the surface of earth

Increasing surface runoff which is
drained to rivers as quickly as possible
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Why Rain Water Harvesting

To overcome water scarcity

Conserving water for future

Over extraction has already shown
its sign of subsidence of land.
Cities like Bangkok, Calcutta, Mexico and others
are sinking every year

Over extraction of ground water will

* Reduce the source of water
* Subsidence of the ground
* Water quality will deteriorate
as more mineral impurities in the water




Lets take the example of Kothmandu Valley

This covers around
3000 Ropanies of Land
by infrastructures

Every year 10,000 houses
are added in
Kathmandu Valley

This is equal to ? Tundikhels
surface sealed every year

If this rate is continued complete area equivalent
to KMC will be surface sealed in 36 years

However, RWH has two maijor limitations

Uncertainty of rain

Imbalanced temporal distribution

Therefore, there are two ways of

utilizing the rain

To meet the scarcity, collection of
rain for immediate use

Recharging the ground for future use

100

In Kathmandu out of 110 MLD water distributed by
NWSC 45% (45MLD) is ground water.

Besides there are 1000s of deep tubewells of private sector

Because of this our water table is sinking from 9 to
68 meters (MOPE) JICA estimates that Kathmandu
is loosing 2.5 m of ground water every year

Therefore the challenge is how to balance this over extraction

Recharging the rain into ground is important

-
-

- " -

potential. =
e g

“Harvesting

. ] - -




Is there possibilities of harvesting rain in
Nepal?
— With annual average rainfall of 1500mm

there is plenty of room for rain water
harvesting in Nepal.

— However, the rainfall is very much skewed
to monsoon months.

— The three monsoon month receives more
than 80% of the rain.

LDTA>>>
>>> Learning-Researching-Networking

MoFAGA

Area of Area of Area of Area of Area of
roof roof roof roof roof
25sqm 50 sqm 75sqm 100sgm 150 sgm

Depth of
Month rain

Collection  Collection Collection Collection Collection
(Litre) (Litre) (Litre) (Litre) (Litre)

Meter
NELTELY 0.0175 350 700 1050 1400 2100
February 0.0175 350 700 1050 1400 2100
March 0.0375 750 1500 2250 K10[00] 4500
April 0.0375 750 1500 2250 K10[00] 4500
May 0.1375 2750 5500 8250 11000 16500
June 0.225 4500 9000 13500 18000 27000
July 0.45 9000 18000 27000 36000 54000
August 0.35 7000 14000 21000 28000 42000
Sept 0.275 5500 11000 16500 22000 33000
October 0.0375 750 1500 2250 3000 4500

0.0175 350 700 1050 1400 2100
Dec 0.0075 150 300 450 600 900
A IVE] 1.61 32200 64400 96600 128800 193200

Area of
roof
200sgm

Collection
(Litre)

2800
2800
6000
6000
22000
36000
72000
56000
44000
6000
2800
1200
257600
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Average Monthly Rainfall in Kathmandu

2 Almost
- 0%
o of this rain
=l can be
Sl harvested.
Jan Feb Mar April may June July Aug Sgp Oct Nov Dec
Month

>>> Learning-Researching-Networking

Harvesting potential

For example
100 sg m roof in Kathmandu can harvest rain in the month of July is:
Effective area: 100 sg. m,
Average rainfall: 0.45 m,
Water harvesting potential: 100 x 0.45 x 80%
: 36 cubic m
This roof can harvest around 130,000 litres of rain in a year.

Therefore, amount is not the problem,
The challenge is storing

LDTA>>> MoFAGA
>>> Learning-Researching-Networking




Tﬁech'nic':_alityl Of .
rainwater harvesting

LDTA>>>
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3 Main Components:

(1) catchment

(2) conveyance

(3) storage systemy

LDTA>>>
>>> Learning-Researching-Networking
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RWH Process

Gutter ~— Cé

Down pipe\

Foul flush
reservoir

Hand Pump\ with screen \

§
|
L
Overflow . FZ27 e

[R—

Below-ground
Reservoir

LDTA>>> MOoFAGA
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Roof: the catchment

* Should be smooth

* Not holding too much dust particles

* Avoid leaves and bird droppings if possible

Roof materials not suitable for harvesting
drinking water

* Roof with lead flashings or painted with lead-
based paints

* Gl sheets not corroded

» Asbestos roofing with fibre torning out

LDTA>>> MOoFAGA
>>> Learning-Researching-Networking




=Material ~ Gut
utter = Gl sheets 20~22 gauge
= PVC, Aluminum .

=Adequate slope

*Easy to clean

—

" Galvanizad shost steel gutiors
— suspanded by wire hangers

Different typas of gutiering
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Conveyance system

e Gutter

* Debris screen

e Conveyance pipes

* First rain flushing system

LDTA>>>
>>> Learning-Researching-Networking
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Gutter

Conveyance
pipe

Debris screen

First rain flush

Water tank

MoFAGA




To remove large part

Screen

Bucket or fiItred water

debris removal

ike leaves, birds’ feather, e

Screen for debris

Wall bracket to
hold the bucket

First Rain Flushing
To avoid pollutants entering with water.

Remove rain of first few minutes so that the
flushing of dust particles, bird droppings, etc.

can be done.
Amount depends on
— Season

— Roof environment
— Rainfall intensity

Normally one litre per square meter area is

taken as first rain flushing

104

* There are several ways of flushing

— Manual
— Semi automatic
— Automatic

Opening
for first
rain

flushing

Tank with float valve




415 mm diameter
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Australian Patent No.
LDTA>> 636222 2400 diameter

>>> Le: _ _ _

MoFAGA
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Downpipe .
Downpipe

Removable cover Coarse screen
{removable}
Screened intake Fine screen
-+
Cistem
{with access Gravel
hateh} Cistem Sand
N rrmrery) (with access 0.5mt
it .; o hatchy 1.0m
U Tap to drain VR EER RIS
foul flush o k=
Stainless stee! or plastic
support grid
Overflow
pipe Oruerﬂuw
pipe
MOoFAGA
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Treatment System for Housing Colony

| Rainfu
"
A\

—+

Surface
‘Water

2

Z\

Purification B
Storage




Storage Design

Dry season demand versus supply approach

determining the volume of storage:

|I| Matching the capacity of the tank to the roof area

Matching the capacity of the tank to the quantity of water
|Z| required by its users

resources and construction methods

|z| Choosing a tank size that is appropriate in terms of costs,

Size of
reservoir

oLet’'s assume that in an average there are 120 rainy days in a
year
oTherefore, we need water for dry days i.e. 245 days in a year
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How much water we need?

 For drinking and cooking purpose 5 |/c-d
* If efficiently used 50~65 |/c-d

* With flushing toilets <100 I/c-d

* For lavish life style > 100???? |/c-d

Determining the water required for 245 days for
a family of 5:
* If the water is only for drinking and cooking
purpose
— 5 x5 x 245 = 6145 lit.x 20% safety factor = 7350
lit. ~7.5 cubic meter water tank
* |f the water is for other household purposes

— 5x50x 245 = 61250 lit. x 20% safety fac. = 73500
lit. ~ 75 cubic meter water tank




Constructing 75 m3 water tank would cost ~Rs.
750,000 which is very expensive for an
individual to adopt.

* Therefore, rain water is taken as supplemental

water sougce. 4

* Every Iitr«Ralnwalt{e fal supply means
that the | ot i nped from
ground aqwfer o Physical Biological

* Every IltreAyo‘u recharge in th'eground will
alloy R \W Water S and

Filter, etc. Chlorination, etc.

MoFAGA LDTA>>> MOoFAGA

>>> Learning-Researching-Networking

LDTA>>>
>>> Learning-n

Operation & Maintenance
* Regular observation

» Regular cleaning of roof, gutter, pipes,
flushing unit, filter unit and water reservoir

* At least once cleaning before monsoon ::: \< /X J\-/J P ‘ ::ll 9
— —

* Cleaning the filter media in the recharge pits

LDTA>>> MOoFAGA
>>> Learning-Researching-Networking
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MOoFAGA

~Rainwater-Harvesting in Brazil

China: Rainwater catchment
system for green houses

LDTA>>> MOoFAGA
>>> Learning-Researching-Networking
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Rainwater Harvesting in Japan

Rainwater

"ROjiSOI’I", a simple and unique
rainwater utilisation facility at the e
community level in Tokyo, Japan. -~

Sedimeniantion
tank

- &—— Rainwater reservior

China: Rainwater catchment
system for green houses A8
Composed of greenhouse,

rainwater catchment, tank and
drip system

Rainwater Harvesting in China




FrY e |

Rainwater Harvesting in Japan

_Fl"'a

At"Kokugik.a”n sumo wrestling arena in 1:okyo, Japan

Rainwater collected from the arena's 8,400 square meter rooftop is

used for non-potable purpose

http://www.unep.or.jp/ietc/publications/urban/urbanenv-2/index.asp

LDTA>>>
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Beispiel einer
Regenwasser-
Nutzungsanlage

Rainwater Regensammeirohe

Harvesting in
Germany
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Example of the
rainwater jars
used in Thailand

http://www.unep.or.jp/ietc/publications/urban/urbanenv-2/index.asp

LDTA>>>
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http://www.unep.or.jp/ietc/publica :

tions/urban/urbanenv-2/index.asp

LDTA>>>
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Rainwater tanks

constructed by local
builders called "fundis" in

Rainwater Harvesting in Kenya

MoFAGA




Rainwater Harvesting in China

Loess Plateau of Gansu Province, China

+ Annual precipitation 330 mm.

+ Difficult topographic condition for water conveyance system.

+ Unevenly distributed rainfall: 50-70% in July-September, only 19-24% in
main crop growth period.

+ The water resources per capita are only 230 m3/head. While it is 9200
m3/head in the world and 2300 m3/head in China.

Provides water for domestic
use: 121 Household

Source: Zhu Qiang and Li Yuanhong
(Gansu Research Institute for Water Conservancy,
Lanzhou 730000, China)

Email: qzhu@zgb.com.cn

LDTA>>>
>>> Learning-Researching-Networking
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“121” Household RWCS

-:I

Highly efficient rainwater

harvesting using roof and courtyard
catchment for domestic water rural

supply on the household base.

#0One catchment with about 100 m2

(roof and yard)

»Two water cellars each with
V=30m3

2One orchard

MoFAGA
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JIRGE ?

= QTS UTGiiad! SIS 3MEDT BfeTS SIAERUTT EITEIS
JFSEra

= g ulehiceT SIiaeTan SISt doatt

" IES UIARUTCTS f&oN Jai3el Siforfosd SiofioianT foTAfuTeRT ST
SIS (TG0

" SE URRAD! YhIUCTS IATGN I AT

» ¥ 3T YUTHiah! fTATUIS Jigiuct cTomelian doatt

LDTA>>> 248 MOoFAGA
>>> Learning-Researching-Networking
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JaarEe

" 4g: R UIehch! ASIGICTaN fSisioTet oot

" RS UATaRUTATS ROl S6i3al Jiferafosid Stefiaieb! forarfuTenT afoT
JURIOTEATS TG

" I URRAD! YDIUCTS AT IGRIAT SATIATST

" S 3o YUNIGTIchT (STAATUTAN JTejuol cToTlenan ot

U531 A ARBIEIE JFIDT dael ASIAT AHATENST ISt DIRTA
R8s ?

" RS UIGTaD! SMYISHAT ML BIHNATS FIAIARVAT EoTaIe
JaarEe

" 4g: R UIehch! ASIGICTaN fSAsioTet oot

" RS UATaRUTATS RO Sai3al Jiferafosid Stefiaieb! forarfuTenT afoT
JURIOTEATS TG

" I URRAD! UDIUCTS AT IGRIAT SATIATST

* S 3o YUNIGTIchT (STAATUTAN JTejuol cToTlenan ot

114

0531 Rl ARBIEIE ARIDHT dgol JAITAT JHATENST 1ot DIRTA
JIRe8 ?

" QTS UTGliad! SIS MEDT BNETS SIAERUTT EITEIS
ISt

® Ug: R UIGhih! aIéiaetien fSisiolal ot

= RS TAARUTETS RO Sol3er SIS Siafieian fSTARTuTaRT T
SIS (G0

" GIET URRID! UBIUCTS TATGNY AT ST
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DICHIS! IUIDIB Rl [MDRT 31RO

KATHMANDU VALLEY
PERSPECTIVE VIEW

DICHIST IUIDID Rl [MDRT J1ARIRON

Human domain

Y
e 2 .
Agricultural domain

Topographic profile of Newar towns
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ditre domain

Topographic profile of Newar towns



MoFAGA
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LDTA>>> MoFAGA
>>> Learning-Researching-Networking

IR

Uepl< ds

wy | Jl
1ARIGT Urad
' * JHTAGIT: G SNBIREDI
« Buffer reservoir/ retention @T @IaT J16&
— NI JTaIE Teeil ASTTS FINICE
— ST Ulof Adbcior I Yol JIEE
— ASTBAEIC JUCTSEl TTollepT Aabeior TS
* AT STTNTSR JeTRSRUT
* RiTrsen! T 3uAIoT

UTeaTehT GioToiRdeT, QoraicbedT ORIJAD,
SNTBYRAT &l: g, RIGIURTS, TboAcT [daidcd

LDTA>>> MoFAGA
>>> Learning-Researching-Networking
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Bieid]olo]]
Trnz rlydre-gzalogy

SECTION-B-8'
Vet 400 n
Soala Source: P R Joshi

HellBoon

RFARPI IR

YR ] 3UII

* §3dl diacel URTIAS

* AIHAGIA: HEIJ 3NDIRDBI FoB

o TN SIFSUEIR JeiRaRUT JTe

* gol SN SUBTDT DI JIEE

* G EfoT UAICoT DIHAT
3UT JIRTE

* 3IDTcIoN 61671307 Uloil

z_
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WRFRPII YR WRFRPIA YR

. MWW
* WIAR JWHT JTet, RFANSHIT: T 3T
qar A aid arer 9T URANIA 60T JIG8a] |

* TIRIST G, J[SaT G, i<+ geg, 1e7of

LDTA>>> MOoFAGA LDTA>>>
>>> Learning-Researching-Networking >>> Learnlng-mnarchlng—m‘rklng

MoFAGA

MoFAGA

Date: 1966 AD Location: Bhaktapur Photo: Suzanne Akiyama
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LDTA>>> 2 - / ; 1 LD
>>> Learning-Researching-Networking / o L eeGo0gle Earth

)

LDTA>>>
>>> Learning-Researching-Networking
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TRIRPId YR

" QIS UleiicpT JIaao
i Uloll I JAE @eT
B

)

oI sicigas Ground water table
Artisans

tI:IAL:::ning-msearcmng-“etworklﬂg MOFAGA "
WRIRPId YRFT
N LD S
S NS\
tI:IAL::ning-R,esearching—Networking MoFAGA "
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TRIRPId YR

LDTA>>> MOoFAGA
>>> Learning-Researching-Networking 282
m @cilal JIRAT ol @ Fod ?
URASIGAT UToficbT JalR 3ebIig ok Ue] U8

FITBRUIEIE Ulolt Quia: Jae

orRgdeer uafazur Pond Ecosystem Jama
558

OR9JT 3a1701 GeTaiT UiRvIaT 568

LDTA>>>
>>> Learning-Researching-Netw
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fofdiuT gfafer

BT 7o JchT AICIAICT RIT
* QRIS 8iheT Yo ell (Y000 §Of 197)
* gforap ST BB 9 5T (0.09Y [37)
" &oTINT QYASIR &l
» &forep 3IaRIcD el 90Y EichR B 9Y0,000
* §iico C Bl Ureit ool 74 B & DS
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TRFRPId YR
N\ N\
GRFURIITA Qradenr Feiaic EEQIEIEI?
*  JIIE RAEIgTeT & [Jdor?
*  §Yidcis §3¢lol ool [ap 3IAMIg ?

*  9IEI®BRUT T Climate Change abT JoGaidiT @ 1Yol ?
* g3 I URISEHT GIoIRUNMBIRSeT a ol ?

LDTA>>>
>>> Learning-Researchir

MoFAGA
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e Institute of Excellence in the area of
o Local-Self Governance."

TN fAH GRNT&T0T GBI "An Autonomous, Professional, Client .
(] (<A P S SRTST 99, 20w gRT wr) Centered, Gender Responsive National Q

=4} Local Development Training Academy

e (Established by Local Development Training Academy Act, 2049) LDTA >>>

+977 (1) -5522004, -5521051
+977(1) - 5521521

Idta.org.np@gmail.com
www.ldta.org.np

U JIhT JIGcIAAT, IRAONEDA = ERIAT Uleiichl g ATt

q. BRI Uleh TAGIAUGTCHT SR ST URTY U3at el | " IR BIER Ulelich! cIaIUcichl MRS
Q. UTelich! BRI YADTER Seidbr Urdal &9 |
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LDTA>>> MoFAGA
>>> Learning-Researching-Networking

" BRd 3MaIIN Ulelich! cIaIATG
" 3 UGl BRI (RPWBIIT) 3u=iioT
" 36T X USHI3aT YATOT JTRG! Uleh JHT, IaT8 T RBCURRT §g
MAAD &
" IS, GRISel a ARAGISP! ST GO JTR6T UTeht JHT §g)
Y B AR AAIA LA, ST ST TIAUIES Gel B Udol |
= HASTISAT Y=IOT J1RGT UTehial iR SIIE HfTciual I 316 cTaul
qAT J&IT ROCIUES gaufer W BB Udal |

* Uil yRiEret 51 Jisllon T 351 wud go gotiol AA] A
JIREDT Ut A DIl [d JIgf [dcdt Bt & |

LDTA>>> MoFAGA
>>> Learning-Researching-Networking
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" EIRRA Ul
= RS JUADT J10T UToht G Ureht &1 | A 31 JS[IST Uroft
ude:
® U307 I UhI3al U=oT J1iaT Urett
= gAIGS I IABISDT ST YA e Uret
= GAASIRIGT Y01 J1RGT UTeh

LDTA>>> 302 MoFAGA
>>> Learning-Researching-Networking

" EREBAA Uleh AR S7Tol GSdcl UgA BRUGD

" JREITEIC AlSTollag dleblel tAldaJi olga
® UTeft AR USI3al §lTei

LDTA>>> MoFAGA
>>> Learning-Researching-Networking
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= gdfaie foiedsol &A1 AT IRATDT Uleht

BIER UlGd! TATZATIST

= gufder Ul caraenuer gk M Tdf STsIBD! B
= DRA, Bloll SAINA 3ol B DIUFUSHT UIHT Ureit

= Pl ureh (grey water)
= 37 UTNeATs Aepetal 1ol e UISy Julielt JAR IACTS Ao YRiEreT
IR ST T BIARAAT YA 36T JRBSE |
» TAS RITAR JUIST B AT UIGReTs gRiverst It Yot AaieiIat e
J16, O3, &R anlloTer UAIEe YRoTeN Tase BB
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= Jftees aanlles a1 JenrRea! Ateds gllaat yeirere It
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" ERA NCIATT Ulehchl cIaIAuel
" 35 Ulelieh! BRI (P U<
35T I UGHI3aT YAoT JReT Uleh Il IaT8 < fBERRd §9
MAIAD &
" QA GJREIEel dT AIABISH AT FAT J1RaT Uleh BT 5
B8 & AR A TAIMS, ST I AAVES F&T BB Udal |
= RIS GO IR UTelidn g Iell Hfdiedlue I 3ied oidul
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(4 Institute of Excellence in the area of
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=4} Local Development Training Academy
(Established by Local Development Training Academy Act, 2049) LDTA >>>

+977 (1) -5522004, -5521051
+977(1) - 5521521
Idta.org.np@gmail.com
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I FADT G, ARIONEDCT

9. TN 3cI3To Gol IR CATIATSTD! TR URTY UI3aY Bof |
Q. ERIRN BIBRICICHS TAADT YBR AR FEATIA Seoia |
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" RN BRI Ulgdrel
" IR BRI cIdIATUoIh] dlRBIED

LDTA>>> 313 MoFAGA
>>> Learning-Researching-Networking
" ERERN BRI
= gRdT
" JBbR
LDTA>>> 315 MoFAGA

>>> Learning-Researching-Networking
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LDTA>>>
:>> Learning-Researching-Networking

MoFAGA

LDTA>>> 316
>>> Learning-Researching-Networking

MoFAGA




LDTA>>>
>>> Learning-Researching-Networking

MoFAGA

ThIEY OqqETAaT o 3y e

o THIEY ogavIUA®l UfRel fariardt Mg 3rigd
THoT &

o THIEY oG WIFAE®! oqdeR URdd"dlc I
qYIq §
5 i R @ fygrd

LDTA>>>
>>> Learning-Researching-Networking

MoFAGA
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LDTA>>>
>>> Learning-Researching-Networking

MOoFAGA

O Organic materials (69.84%)

B Plastics (9.17%)

O Paper (8.50%)
O Construction and other
waste (4.79%)
B Textiles (3.02%)
O Glass (2.50%)
B Metals (0.92%)

O Rubber & leather (0.66%)

m Wood (0.60%)

LDTA>>>
>>> Learning-Researching-Networking

MOoFAGA
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« HTT TS BTIAHT T U] UL * 5IRGIch! DU SEA YT JTei Alhets
* didiol BIfoTebIReb BT et dHgd JIEB _g;j;:;m
* Y Gesiow Ueref A gt
* JTGRIAI 8ol AT f3feial ool §ohg] UeE
— UGlichT T 961 §o
— it dea aifdTeq * THIUNE FocT BT 33 IASMID &l

Kitch Waste

Fwast7| or Fresom

Produce by jun-nama-ken  Taira Yuiko
namaken.com/

Waste goes to disposal
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How much moisture (liquid) does
kitchen waste have ?

3 T

>>> Learning-Kesearcning-Networking

Produce bv iun-nanj

Peat moss
15litre

And

Burned
= qlls1 Olitre‘

Mcardboard box
; cardboard for reinforcing
bottom

s LEGIIINIENESCal LB IVELW DI RIS

MoFAGA

Produce bv iun-nani

136

Cardboard box=Simple moisture adjustment
-Even beginners can’t go wrong
-You can quit anytime

- You can compost even without a yard

- :] e, g-Networking

= Produce bv iun-namni




LDTA>>> i o

I i et MoFAGA
>>> Learning-Researching-Networking

Produce bv iun-nani

LDTA>>>
>>> Learning-Researching-Networking

S—

s i 7

Make sure to close the lid and cover ﬂ

l Place the box where the rain will not
fall on top
[What to do daily]
Place the kitchen waste
mix
Cover the lid

a-ken

[amount of kitchen
waste]
# 500g~ 1kg/per day
§ Waste bits should be
small enough to mix
No shells(clams)

137

Place the box

% The rain will not fall

f N .; ontop

e, / v

>, v ‘i *terrace
i *below a roof
E_ p *‘; *parking space
‘.\,1 : {
R

:’IAL::nlng-Rgsearchlng—Networklng MoE2GE

Produce bv iun-namni

This composting is for Kitchen waste

Noat leaf ,woods,shell, . 500g~ 1kg/per day

MoFAGA
>>> Learning-Researching-Networking

Prodiice bv inun-nama-ken




The condition of

microbiologies move to lively

n_ﬁtrition

LDTA>>> MOoFAGA
>>> Learning-Researching-Networking -
Produce bv iun-nan

U DA

LDTA>>> MoFAGA

>>> Learning-Researching-Networking .
Produce bv iun-nam
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DTS
>>> Learning-Researching-Networking

Produce bv iun-na

About Water 11

NEEE

LDTA>>>
>>> Learning-Researching-Networking

E=agaainie)

Keep moisture&mix

3weeks

—— e —

5 IR VT OB R S O He T

MoFAGA

Produce bv iun-namni




Same volume after 3monthes (kitchen waste is 50kg)

Compost : soil
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- schedule

..~

- s

keep

rip

About 3 monthes 3weeks
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B TRER Gia fea ?

B S YTTTeTT Ter HIevdl AaeaTgT T |
u [auIid qRepIRIATE SFRT I3 |
» YT FEd I |

m 97T SATATH I |
" TSNl THAR GEIANT T
® IIHIAATR foepra T |

B g, wfrepar T R fog grte

= AT AR T, A0 47 {98 gars, SadArs

" PFRTEE 3e fafae fodt T2 T

" FHAEH Sfa FAuTiERr TANT A |

" H{IHT WETEAHAT g1 &H T I TEAE (qurdresr JaeT
e fag At wrs




BT AT &l 2 6 0 FEe:

E9a axaIeT arAEe .-

L 13, a1, Spr3el, 1S il
U Ere=re, i, I=1R, qiest

U e, fese fawh, axe

U e, TR, e
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HRAgT &THdT 9% T 7 397 fhe ¢ 3 & i
IEIECAR BRI RE]

JTERTHT AR Heleh! AT T |

, TRvaTTeRy et | 1T ufeefienr 3raAtastar

LDTA>>> MoFAGA
>>> Learning-Researching-Networking

PR G TRl e o o AR

TV TIFRT TTAET -

Q faft, @ 1

L Tersier, [uar

O fegy, SsgamT

O & #e, Fipn, e, foRien, w4t

L s
>>> Learning-Researching-Networki
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LDTA>>> MoFAGA
>>> Learning-Researching-Networking
b ]
A "
;1
LDTA>>> MoFAGA

>>> Learning-Researching-Networking
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LDTA>>> MoFAGA
>>> Learning-Researching-Networking
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TN STl qrar

(Crop Calendar)
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Q) FTIAET HE  : FTIS, Twal, FHISAT, TATSHIET
(}) ARTAAETAT FHE  : AT, TR, TT5T, E=TE
(}) TSI q9E : A, TS, AT

(¥) BrEarel a9 - e, (A, Bre, T

(%) FASTA T8 : TAHST, AT, HUT, G
(%) WEXATEl GHE  : HihI, BT, fodian, AT, wal

(9) SRETSl U : HEAT, AN, TR

LDTA>>> MoFAGA
>>> Learning-Researching-Networking

LDTA>>>
>>> Learning-Researching-Networking
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B3 aeare’ ardiae -
L r3eil, <1, Seprael, 1S BIaT
0 Ere=ne, i, TR, qeast
U s, ST o, #=s
¥, e,
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>>> Learning-Researching-Networking
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YT TRBI ICATE STl qTaT FHAT
(Crop Calendar for Year Round Vegetable Production)
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LDTA>>>
>>> Learning-Researching-Networking
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>>> Learni

TTreRr AT

MoFAGA
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LDTA>>> : MoFAGA
>>> Learning-Researching-Networking
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Abstract

Vernacular architecture is the result of hundreds of years of optimization to provide a comfortable shelter in
alocal climate using available materials and known construction technologies. Due to the absence of
mechanica means, traditional buildings use solar passive measures to achieve thermal comfort conditions.
In most devel oping countries it can be observed that with the modernization of the building sector this
traditional knowledge of smart and climate responsive design is being lost. Instead the modern building
design is dominated by universal architecture that neglectslocal climate conditions and traditional
construction techniques and materials. This paper reviews examples of vernacular architecture and its

building elements in Nepa and analyses in a qualitative manner which bioclimatic design strategies were
applied.
Keywords: MVernacular architecture; Nepal; bioclimatic design; climate responsive building design;

developing country; traditional building techniques

1 I ntroduction

Worldwide around 40 % of energy is consumed in buildings [1]. Due to population growth, increased
urbanization and improvements of living standards most of energy consuming buildings will be located in

the urban centers of the developing world. The depletion of energy resources and the risk of climate change

1
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is demanding for a sustainable development path based on renewable energies and energy efficiency [2].
Climate responsive or solar passive building design can play asignificant role in reducing the energy

demand of buildings without compromising modern living standards.

The most important function of buildingsisto provide shelter with appropriate thermal and visual indoor
comfort for its occupants. The comfort level in abuilding depends upon the designs in combination with the
outdoor climate. Design irrespective to climatic conditions means either to create uncomfortable indoor
environments or to increase the need for maintaining thermal comfort through artificial means. As our
ancestors had fewer technologies available for heating and cooling, vernacular houses are mainly designed
to optimize the use of natural resources like the sun and wind [3-7]. Several studies has proven that better
thermal performance can be achieved by passive measures in vernacular architecture [6-9]. The developing
world’s construction practices until recently were basically grounded onto this knowledge of traditional
building techniques. However, modernization together with the need of effective and fast provision of
shelters for the increasing population has flooded the market with new building designs, technologies and
materials. These are rapidly accepted by users who demand for such designs and express increased thermal
comfort expectations. The group of new building professionals does often apply new designs without

considering local climate conditions.

Consequently, traditional houses are disappearing and the knowledge about its construction practicesis
slowly forgotten. Therefore, the need to document this knowledge of traditional constructions practicesis
evident. Few studies [10-12] have analyzed vernacular architecture from specific locations of Nepal in
regard to climate responsiveness. This research is the first comprehensive study on solar passive design
features of alarge number of vernacular houses from all over the country. Following the principle “Learning
from the past” [13], it might be the groundwork to develop new and more sustainable design strategies for
the fast growing building sector that consider the local climatic conditions while aiming at the reduction of

energy-intensive and expensive artificial means to provide comfort.

2 Methodology and structure
Beside the climatic variationsin Nepal, diversity of culture hasled to alarge range of different architectural
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expressions that are mostly documented by anthropologists, ethnologists and architects [14-21]. This

research is based on aliterature review and field research in Nepal.

In afirst step, the paper gives an overview of the research country Nepal focusing on aspects that are most
relevant for the development of vernacular architecture such as cultural and geographical diversity, local

materials and climate.

Secondly, the climate conditionsin Nepal are investigated, based on climate data from four weather stations
that are representing the most important climatic zones of the country. The study identifies the dominating
bioclimatic design strategies for the four predominating climates using three tools. Olgyay’s bioclimatic
chart [3], Givoni’s psychrometric chart [4] and Mahoney table [5]. Olgyay’s bioclimatic chart is based on
the outdoor climate factors considering humidity versus temperature [3]. Monthly data of minimum and
maximum relative humidity and temperature are plotted onto the chart for each month. If the plotted line
falls within the comfort zone, conditions are comfortable in the shade and in still air. If the line falls partly or
totally outside of the comfort zone, corrective measures are necessary such as the use of solar radiation, air
movement or evaporative cooling [3]. Givoni uses the psychrometric chart for the bioclimatic analysis[4]. A
psychrometric chart is a graph of the thermodynamic parameters of moist air at a constant pressure. Givoni’s
chart predicts the comfort conditions within the building based on outside climate factor. As in Olgyay’s
chart the combination of monthly temperature and relative humidity indicates the recommended passive
design strategy for each month. The chart contains the comfort zone, marked by a solid line and severa
zones for passive design strategies, namely passive solar heating, humidification, evaporative cooling,
natural ventilation, and high thermal mass [4]. The Mahoney table methodology is a set of reference tables
that use monthly climate data of temperature, relative humidity and precipitation to calculate indicators for
heat and cold stress as well as humid and arid conditions for each month. The combination of these
indicators result into simple design recommendation, e.g. "reduce sun exposure”, “compact building layout’

or "medium sized openings’ [5].

In the third step, this research analyses a variety of vernacular houses in Nepal, located in different climatic
zones, in respect to their design and construction in order to determine the applied climate-responsive design

strategies. For the analysis of traditional housing the approach of [22] and [23] was adapted. Both studies
3

173



use a set of building features to analyze the design and construction techniques of the vernacular buildingsin
regard to climate-responsiveness. This research has selected the following features to assess the vernacular
houses of Nepal in aqualitative manner: settlement pattern, building form and orientation, building stories
and internal space arrangement, design and construction materials of walls, roof, foundation, floors, ceilings
and openings.

Concluding, the study compares the design strategies identified in the second step based on bioclimatic
approach with the actually applied strategies in the vernacular houses aiming to prove the hypothesis that

traditional houses are very much adapted to the local climate conditions.

3 Research Region

3.1  Geographical diversity

Nepal’s territory expands about 800 kilometers east-west and 200 kilometers north-south and displays a
highly varying topography (Figure 1). Altitude reaches from 65 m.a.s.l. (meters above sealevel) to 8,848
m.a.s.l. at the Mount Everest, the highest summit of the world. Thisisleading to avariety of climatic and
vegetation zones. Climate has also strongly influenced the traditional architectures. Furthermore, Nepal’s
population is composed of alarge number of different ethnic groups as aresult of successive migration of
Tibeto-Burman people from the north-east and Indo-Aryans from the south-west [24]. Each ethnic group has
its own culture, religious beliefs as well as traditions, and in most cases, also language. Geographical
diversity has resulted in diverse socio-economic and cultural patterns and, thus, in avariety of different
architectural expressions. Typical houses of a number of ethnic groups (Tharu, Limbu, Newar, Sherpa,

Tamang, Thakali, etc.) are analyzed within this study.

3.2  Traditional building materials

Thelocal availability of certain building materias, in particular mineral based materials, depends on the
geology of the location. Due to the geodynamic process in the Himalayan region Nepal’s geology has a high
complexity of many thrusting, faulting, folding and metamorphic effects. Nepal is divided into five distinct

morpho-geotectonic zones from south to north: the Tarai Tectonic Zone, the Churia Zone (also called:
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Siwalik), the Lesser Himalayan Zone, the Higher Himalayan Zone and the Tibetan Tethyan Zone [26]. These
five zones compromise a total number of eight geomorphic units which lead to different kind of available
materials for building construction (Table 1). On the other hand climatic conditions determine the typical

vegetation in aregion and, thus, the availability of organic building materials like wood.

The Tarai Region’s geology is mainly characterized by coarse, gravel, and finer sediments. Rich fertile
aluvial soil isthe basisfor fertile agricultural land and dense Sal forest. Therefore, traditionally abundant
reserves of wood, thatch, and further biogenic material as well as mud and sand are locally available for

house construction.

In the Hilly Region of Nepal more stones (schist, phyllite, gneiss, granite, limestone and slate) are available
and used as construction material. In larger valeys like Kathmandu lacustrine soil deposits are used for
brick making. Sand and gravel is available from the riverbeds. Dense vegetation in form of Sal or hill forests
lead to the wide availability of timber. Fertile land and favorable climate conditions allow for the production

of other vegetation based building materials like thatch.

The Himalayan Mountain Region provides abundant resources of stones, rocks and mud. Due to the small
availability of fertile land and the harsh climatic condition timber and other organic materials for building

purposes are rather scarce.

3.3 Climateanalysis

Nepal has large climatic variations from hot sub-tropical climate to cold tundra climate. Several
geographical factors influence the climate of the country, like latitude, altitude, slope orientation, prevailing
aswell local winds, and vegetation [24]. Two climate classification are presented in the following. However,

this study uses the more detailed country specific classification from Shrestha[24].

According to the globa Koeppen-Geiger Climate classification [29] Nepal has four climate zones. Warm
climate with dry winters and hot summers (Cwa), Warm climate with dry winters and warm summers

(Cwhb), Snow climate with dry and cold winter and cool summer (Dwc) and Tundra climate (ET).

Shrestha [24] divides Nepal into five climatic regions, namely, sub-tropical, warm temperate, cool
temperate, apine and tundra climate (

Table 2). Nepal’s climate has two main seasons. Winter that lasts roughly from October to March and
5
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summer from April to September. Due to the fact that Nepal’s climate is strongly influenced by the Monsoon
the summer season can be subdivided into a hot and dry period (from April till mid-June) and awarm and

rainy period (from mid-June till September) [24].

To evaluate the bioclimatic or climate-responsive building design strategies for Nepal, local climate data
from four typical locations of Nepal were collected and analyzed. Tundra climate is not considered in the
analysis due to the fact that there are very few settlements above 5000 m.a.s.l. Figure 2 illustrated the
climate conditions of four location (see Figure 1), namely Dhanghadi, Kathmandu, Dhunche, and

Thakmarpha based on monthly data series of 36, 35, 22, and 34 years, respectively.

Dhanghadi (28° 48' N, 80° 33 E) is situated in the Far western Tarai of Nepal has sub-tropical climate
dominated by the monsoon (Koeppen: Cwa). During winter months the mean temperature is about 15 °C.
Summers in Dhanghadi are very hot exceeding temperatures well above 30 °C. During winter and the dry
summer season the monthly average precipitation is between 4 mm and 72 mm. When monsoon startsin

June the rainfall increases up to 550 mm per month.

Kathmandu (27° 42' N, 85° 22' E) is representing the warm temperate climate of Nepal that is mainly
dominant in the Hilly Region (Koeppen: Cwb). During summer outdoor conditions are comfortable with
average temperatures between 20 and 24°C. In winter the mean temperature drops down to 10°C. In January
minimum temperatures of 2°C can be reached during night time. The dry season has monthly precipitation

between 9 mm and 106 mm while during rainy season 365 mm are expected in average.

Dhunche (28° 48' N, 85° 18' E) situated in the Himalayan Mountains of Nepal at an elevation of almost
2,000 m is selected to represent the cool temperate climate (Koeppen: Dwc). Summers are significantly
cooler than in Kathmandu while average temperature during winters are only little colder. However,
Dhunche is considerably more humid with an annual rainfall of aimost 2,000 mm. The lowest precipitation

occurs in November and December. Most rain fallsin July and August.

Thakmarpha (28° 45' N, 83° 42' E) islocated in the rain shadow of Annapurnarange having adry and cold
alpine climate (Koeppen: Dwc). In contrast to the three other selected locations Thakmarpha has avery low

annual precipitation. During winter, temperature drops below 0 °C. In summer season the mean maximum
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temperatures rises up to 21 °C. Monthly monsoon precipitation is only about one tenth (44-67 mm)

compared to the sub-tropical Taral.

4 Climate-responsive design strategies for Nepal

For the four representative locations the following design recommendations were identified by using
Olgyay’s bioclimatic chart [3], Givoni’s psychrometric chart [4] and Mahoney Table [5] as described in the

methodology above. Exemplarily, Givoni charts for four climates are showed in Figure 3.

4.1  Sub-tropical climate

The enhancement of air movement is essential for the sub-tropical climate of Nepal. It is recommended to
allocate rooms single-banked and provide permanent provision for air movement, e.g. through cross or stack
ventilation. According to the Mahoney Table (Table 3) houses should be oriented north and south (long axis
east-west) to reduce solar heat gains, particularly during the hot season. Openings should be of medium size
(20 - 40 % of outer wall area) and exclude direct sunlight during summer months through shading devices.
High thermal mass with night ventilation might provide therma comfort, particularly during the hot and dry
summer period. However, light building materias are recommended for the hot and humid monsoon season.
Light, well insulated roofs are recommendable for this climate. Olgyay’s chart and Givoni’s chart indicates
that solar radiation in form of solar passive heating can be sufficient to provide therma comfort during the
short winter period. The protection of the building from heavy monsoon rain is necessary according to the

Mahoney Table (Table 3).

42  Warm temperate climate

Temperature in Nepal’s warm temperate climate does not drop down drastically during winter. Therefore,
solar radiation combined with thermal mass of the building can keep the indoor temperature at a comfortable
level. Buildings should be oriented with the longer fagade towards south and have medium sized openings,
by this way solar penetration of the south fagade could provide solar heat gainsin winter (when the sun
angleislow) and reduce overheating in summer. Shading devices for windows are needed for the summer

period. From December to January active solar or conventiona heating might be partly needed. The
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Mahoney Table recommends heavy external and internal walls and light but well insulated roofs. However,
according to Givoni’s chart thermal mass is only favorable during April and May to balance the internal
temperature swing (Figure 3). In humid summer months air movement is the essential bioclimatic design
strategy for Nepal’s warm temperate climate. Therefore, single-banked room arrangement or other means of
natural ventilation are recommended (Table 3). Heavy rains during monsoon season claim for protection and

adequate rainwater drainage.

4.3  Cool temperate climate

In cool temperate climate the use of solar radiation for passive heating is an effective design strategy during
the longer winter period from October to March. In contrast to warm temperate climate a compact building
layout is recommended by the Mahoney Table. During half of the year active solar or conventional heating
is needed, particularly during night time. However, due to high solar radiation in winter solar passive heating
combined with thermal mass (heavy walls and floors with thermal time-lag of more than eight hours) can
reduce the need for conventional heating considerably. The rest of the year passive solar heating solely can
provide comfort during cool nights. From June to September natural ventilation of the building is needed to
avoid over-heating during the day (Table 3). According to Mahoney table openings should be medium sized

and protection from heavy rains as well as adequate rainwater drainage is necessary.

44  Alpineclimate

In contrast to the conditions within the cool temperate climate zone, Nepal’s alpine climate is far colder and
dryer. Protection from the cold is necessary from October to April (Table 3). Therefore, compact building
layout and small openings (15 - 25 % of outer wall area) are recommended. According to the Mahoney Table
room arrangement should be double-banked with temporary provision for air movement during summer
days. Heavy externa and internal walls are dominant climate-responsive design strategies to enhance solar
passive heating effect for large temperature swing between day and night. In contrast to Nepal’s temperate
climates heavy roofs with thermal lag of more than eight hours are desired. Active solar or artificial heating
isrequired during long winter periods. In summer nights comfort can be achieved if the building’s thermal
mass can store enough heat that is gained from solar radiation during the day. Low precipitation amounts
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eliminate the need to protect the building from heavy rains or high humidity.

5 Climate-responsive design in vernacular houses of different climate regions

A total number of 19 vernacular house are analyzed in the following according to the climate classification.
The locations of the houses is shown on the map in Figure 4.

51  Sub-tropical climate

The analysis of vernacular architecture in Nepal’s subtropical climate refers to the following houses: Tharu
houses in Chitwan (field research), Traditional Tarai houses [12,31], Rana Tharu house in Kanchanpur
district of Far-western region [15], Dangaura Tharu house in Dang district of Mid-western Region [15,16]

and Eastern Kochila Tharu in Morang and Sunsari of Eastern Nepal [15].

Due to the dominating tropical monsoon climate houses have to protect from heat and heavy rainfall [31].
Local materials mainly used are cane, timber and thatch [12]. They lead to the design of a comfortable

‘breathing’ house that means the building envelope is rather permeable and enhance natural ventilation [15].

Settlement pattern

Thetraditional settlement pattern in sub-tropical climate of Nepal is rather loose than dense. Tharu houses
are either loosely situated along the road or they create clusters of semi-closed compounds [15,16]. Rana
Tharu houses are arranged around a courtyard that is open to at least one side so that breezy winds can flow
through the settlement. In the Dangaura Tharu village the long houses are arranged in one single row along
the road with awide open yard in front of each house [12]. This facilitates easy penetration of air through

the houses.

Building form and orientation

The buildings have rectangular floor plans that are enclosed with low walls, sometimes no higher than

75 cm [12]. Dangaura and Eastern Kochila Tharu houses are found to be typical Longhouses while Rana
Tharu houses have a more compact floor plan. The longer axis of Dangaura Tharu houses is more than twice
of the shorter axis. The longer facade is typically oriented north-south which reduces the exposure to the

sun.
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Building stories and internal space arrangement

Most vernacular housesin Tarai have only one single floor or, like Rana Tharu houses, a ground floor with a
mezzanine that is used as storage [15]. They have high ceilings for enhancing permanent ventilation that is
strongly needed in this hot and humid climate. However, due to increasing urbanization and higher

settlement density one of the Tharu studied houses in the Eastern Nepal was found to be of two-story.

The spaces in the studied houses are organized more in a horizontal manner. The internal space is almost
undivided and, thus, enhances a continuous natural circulation of cool air coming from the shaded area
below the eaves [12]. The studied Longhouses have only one division that does not reach the roof so that air
can freely circulate (Figure 5). In Rana Tharu houses big vessels, which store grain, are used for dividing the
space. In al Tharu houses semi-open spaces in form of averanda are occupying alarge part of the floor
plan. The verandas are shaded by the roof overhang and provide an additional comfortable space for daily
activities (Figure 6). Having two story houses, the Eastern Kochila Tharus use the second floor mainly as
sleeping rooms and storage. One third of the second floor plan consists of a veranda that provides a breezy

semi-open sleeping space for hot and humid summer months [15].

Walls

Thewalls of traditional Tarai houses are rather light and mostly made of wattle and daub [31]. The upper
portion of the exterior wall is observed to be of bamboo strips that are |oosely woven into an open mesh
which provide day lighting and permanent ventilation. Unplastered walls of wood or reed have random gaps.
Externa walls might also be made of thin woven cane matstied onto a timber frame, rendered with mud

plaster and white washed [12].

Roof

Most traditional roofs in Nepal’s subtropical climate are made of thatch in form of a pitched roof [12,15,16].
The triangular opening at either end and the low windows ensures the permanent inflow of air from the
shaded area below the eaves that leads to inside temperatures that are usually much lower than outside
temperatures [12] (Figure 7). Dangaura and Kochila Tharu houses have a'so light, well insulating thatch

roofs. The wide roof overhang protects walls from direct sun radiation. Verandas are formed by extending
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the roofs and provide a comfortable place to work and even sleep at night [31].

Foundation, floor and ceiling

Typically Tharu houses are found on a plinth made of stone or earth to protect the interior from flooding
during raining season [12]. Some houses are built on wooden piling from 90 to 300 cm for the same reason
[31]. The elevation from the ground by piling as well as high ceilings enhance air circulation within the
building. Floors are made of compacted earth, clay tiles or locally available stones that are possibly covered

by cement plaster.
Openings
Buildings have very few and low windows that together with an opening in the roof enhance the air

circulation to provide comfort during hot and humid summer months [12]. Shading of the windowsis

provided through roof overhangs and the planting of trees around the buildings [31].

Results

It was observed that settlements are arranged by aloose pattern that allows air penetration — atypical design
strategy for hot and humid climates. Rectangular building form and horizontal space arrangement in one
story is dominant. Wall and roofing materials are rather light than heavy and are often permeableto air. The
high and almost undivided interior space together with the openingsin wall and roof enhances the natural
ventilation within the building. In some houses openings are located in such away to foster stack
ventilation. Wide roof overhangs including the provision of shaded veranda space reduces the direct solar
gain through walls and openings. For comparison characteristics of al analyzed houses in subtropical

climate arelisted in

Concluding, the traditional house design in Subtropical climate of Nepal is very climate responsive. Main
strategies like enhancing air movement within the building and protecting from the strong solar radiating are

considered.

52  Warm temperate climate

For the warm temperate climate typical houses from the following ethnic groups and different locationsin
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the Hilly Region of Nepal were studied: Hill houses of Dolakha district (field research), Housesin Sallein
Dhading district [32], Newar houses in Kathmandu valley ([14,20,21], field research), the Indo-Nepalese
house in central Nepal [16], an Adobe house in Kathmandu Valley (field research), the Gurung housesin

Thak Village of Kaski district [12,33] and the Limbu house in Eastern Nepal [16,34,35].

Settlement pattern

Settlements in Nepal’s warm temperate hill climate are rather of scattered and dispersed character. Houses
are placed on the hill terraces along the slope surrounded by each family’s fields. The villages and towns

built by the tribe of Newars only, have a denser settlement pattern with its characteristic courtyards [21].

Building form and orientation

There are severa types of building forms strongly depending on settlement density and ethnicity. Newar
houses being part of compact settlement with high density are arranged to create interconnected courtyards
[14,20]. The courtyards are designed in such away to allow solar penetration of buildings and provide a
warmer outside space for all kind of household activities during sunny winter days. In contrast to Newar
settlements, other traditional housesin hilly Nepal are rather dispersed [16]. Most of the houses have a
rectangular shape except Gurung houses that have around floor plan [12]. Often the elongated plan is
situated on the sunny slope of the hills with the longer facade facing towards the south, south-east or south-
west (Figure 11). Larger windows are placed in the longer facade, i.e. facing the sun. Around the open
courtyard, which is situated in front of the main building, one or two annex buildings for cattle or storage
can be placed. The studied Limbu house was found to have a more compact floor plan. And in contrast to
other dispersed houses the shorter facade is faced southwards. Due to religious beliefs Limbu houses are

always located parallel to ariver bed [34].
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Building stories and internal space arrangement

It was observed that traditional housesin non-Newar settlements have not more than two stories. Gurung
and Limbu houses have only one and a half stories; the ground floor isthe main living area [12,33]. Newar
houses have typically three or three and a half stories[11,20,21]. Until the early 16" century residential
houses were not allowed to exceed height of the templesin Newar settlements [20]. The low room height

being between 1.6 and 1.9 m makes it easier to heat the building during winter season.

Depending on the number of stories, building space is arranged either horizontally or vertically. Having only
one a half floor, the space in Limbu and Gurung houses is organized more horizontally. The interior of the

Gurung house is an amost open space with only few divisions having a fodder under the roof [33].

In Indo-Nepal ese houses the ground floor is also a big open space designated for activities like cooking,
dining, meeting and worshipping which are sometimes visually divided by lower walls [16]. The first floor
is primarily used as granary and storage for family’s valuables and, possibly, as bedroom if the space in

ground floor is not sufficient for all family members.

Similarly, in Hill Houses of Dolakhathe kitchen and main living area are located on the ground floor while
sleeping and storage functions are on the first floor. The space under the roof creates another half story and
isused as storage; it is ventilated through small windows at each gable end. The access to the second floor is
either provided by awooden leader inside the building or outside, if the house has a balcony (Figure 11). A
very important part of the house is the veranda which is a semi-open space in front of longer facade
normally covered by the roof or the balcony. Verandas and bal conies often have closed sides to provide

protection from cold wind.

Spacesin Newar houses are vertically planned (Figure 8). The ground floor is only used for entering the
house or sometimes as storage and creates a buffer to the cold and humid ground. The bedrooms are located
in the first floor while the main living areaisin the second floor. Both receive enough solar radiation
through the windows to heat up the room during the day. The space under the roof (attic space) is used as
kitchen with an open fireplace [11]. Due to the location of the kitchen on the top of the building, living and

bed rooms are protected from overheating in summer. Rooms are found to be double-banked [11]. The
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courtyard of the Newar houses is an important semi-open space for work. It isdesigned in such away to be

sunny in winter and shaded in summer.

Walls

Thewalls of housesin Hilly Nepal are mostly made of locally available stones in structural bearing random
rubble masonry. Clay and earth is used as mortar. The exterior walls can be up to half meter thick which
leads to a high thermal mass of the building. Walls are mostly plastered inside and outside using white,
ocher or red mud. Thefinal plaster inside isathin layer of fin red mud and cow dung is used [16]. Only
Gurung houses are made of mud, timber cane and thatch [33]. The walls consist of timber planks and lathe
covering both sides with a mixture of mud and cow dung [35]. Newar architecture being the most devel oped
in the region is using sundried or burnt clay-bricks as main walling material (Figure 10). Thewalls have a
thickness between 28 cm to 70 cm, resulting in a high thermal mass of the building. The outer wall is made
of burnt bricks while on the inner side sun-dried inside bricks are used [14,20]. The application of only

sundried brick walls (adobe) is also common.

Roof

Thetypical roof type applied in vernacular architecture in the warm temperate climate of Nepal isthe
pitched roof supported by atimber structure and covered by locally available hatch, stone slates or tiles. A
large roof overhang of minimum 50 cm protects the walls from the heavy monsoon rain and avoids solar
penetration of the facade during summer [14,16]. In Central Nepal the roofs were typically covered by
thatch that lasts properly maintained up to eight years [16]. In Dolakha’s Hill houses slate on timber
structure is the main roofing material. The pitched roofs of Limbu and Gurung houses are very steep and use
thatch, straw or grass as roofing. Newar architecture has developed a water inclusive roof design of burnt

clay tileswhich are placed upon a mud layer of 4 cm to 10 cm [14,36].

Foundation, floors and ceiling

Most houses in warm temperate climate of Nepal have a stone foundation that protects from flooding during
the monsoon season. The foundation of Newar houses is made of a 60 to 80 cm deep stone plinth [14,20]. In

Indo-Nepal ese houses and those studied in Dolakha a 30 cm to 50 cm thick stone platform serves as
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foundation of the building. This platform is often extended about 1.50 m at either one or more sides of the
exterior walls to create a veranda which is used as semi open working space. The ceilings are very low (not
more 1.80 m) to reduce the air volume that needs to be heated during the cold season. In all studied houses a
wooden framework of pillars and beams is used to support the ceilings. It is covered by lathwork and rough
casting of 20 cm mud layer and afinal layer of a mixture of clay and cow dung [16]. In other houses clay or
earth is used for flooring [36]. Wood was widely available in the hilly area and is, therefore, used as
structural aswell as covering material. The additional use of clay and earth increases the thermal mass of the

floor and contribute to balance the diurnal temperature changes.

Openings

The openings in houses of Hilly Nepal are rather small, but larger than those in the mountain houses. The
windows are mainly located in the longer facade that faces downhill and is mostly oriented southwards. The
side and the back wall have often no openings except a small hole from the kitchen which is used as smoke
outlet. In Newar houses the main living room has a big window with decorative wood carvings that allows
solar radiation of lower angle to heat the room in winter [20] (Figure 10). Many houses have grilled
windows to protect from solar penetration in summer [12]. Remarkable, in Limbu houses the main entry
door and larger windows are placed on the shorter facade of the building that is faced southwards [16].
Although most authors describes hilly houses have small windows, compared with mountain houses they are
of medium size. The windows are amost always oriented southwards aiming to enhance solar heat gains
during winter. The openings are often equipped with shutters that can be closed during cold nightsin

summer and the cold season. In this way the envel ope tightness is increased and the heat |osses are reduced.

All studied houses of Hilly Nepal use alarge roof overhang to shade south facade and windows. In Indo-
Nepalese houses the veranda that islocated in front of the longer facade has a thatch covered timber roof
structure to provide shading [16]. In the Limbu houses an overhanging timber structure is used to form a
veranda surrounding the house in the first floor [16]. The Gurung houses have deep overhanging eaves
restrained by brackets [12]. The roof overhang of Newar architecture is widely known because of his
decorative character, particularly, in temples and pal aces where fine wood carvings can be seen. Moreover,

the roof overhang protects the walls from the heavy monsoon rain.
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Results

It was observed that many building features of the different houses in warm temperate climate of Nepal are
largely similar (Table 5). Most vernacular houses have arectangular floor plan. The longer facade with the
openings is often oriented southwards to enhance solar gains during winter. Due to the wide roof overhang
the building facades and windows are shaded in summer. In the dense Newar settlements the smart
arrangement of courtyards assures solar passive heating in winter and shading in summer. Generally, houses
in this climate are of high thermal mass using locally available materias. Particularly, during sunny winter
days the thermal mass is favorable to store solar heat gains of the day for cooler nights. The low ceiling
height reduces the air volume to be heated in the winter season. The vertical internal space arrangement of
Newar houses is optimized for the cold winter because it creates buffer zones in the ground and the upper

floor in order to keep the main living and sleeping spaces comfortable.

In summary, it can be said that the vernacular houses in Nepal’s warm temperate climate are very well
adapted to the local climate condition. They consider the most important climate-responsive design
strategies like enhancing solar heat gains during winter and protecting from the strong solar radiation in

Summer.

5.3  Cool temperate climate

Representing vernacular architecture of Nepal’s cool temperate mountain climate the houses and settlements
of the following tribes and locations were studied and analyzed: Tamang tribe in Langtang region (field
research) and Sherpatribe in Khumbu village [17]. Khumbu village islocated in Solukhumbu district in the
North of Eastern devel opment region while Langtang is part of Rasuwadistrict in central region north-west

of Kathmandu valley.

Settlement pattern

Settlements in cool temperate climate are denser than those in warm temperate hills. Sherpavillages are
mostly built on the beds of old lakes in broader valleys or on sizeable ledges between the mountainside and
river gorges [17]. The settlements of the Tamang tribe are compactly built. Severa houses are typically
attached to each other reducing the exterior wall surface exposed to the coldness (Figure 12). The streets of
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Tamang villages are usually paved with stones.

Building form and orientation

Traditional houses in this climate zone have a more elongated form than those in colder apine climate [17].
Also L-shape can be found. Tamang houses in Langtang region have a compact rectangular shape. Being
attached to each other they create a more elongated building volume. If possible the longer facade is oriented

towards the sun to enhance solar gains.

The houses of the Sherpatribe in Khumbu village (Everest region) stand in small groups together on the
slopes of a natural amphitheater [17]. Their elongated building volume is generally standing parallel to the

slope. Ground floors are partly built into the slope of the hill of mountain behind it (Figure 11).

Building stories and internal space arrangement

It was observed that Sherpa as well as Tamang houses have two stories[17]. In Sherpa houses the ground
floor is used for storage and livestock, the main living areais situated in the first floor. Tamangs use the
upper story for storage of grain and other household possessions, while the elevated ground floor is used as a
kitchen, dining place, and bedroom. In Sherpa houses wooden stairs located inside the building lead to the
upper floor; stairsin Tamang house are located outside on the main entry facade of the house. Sherpas use
the roof partly as terrace with asmall shed for lavatory [17]. Tamang houses have usually a balcony on the
first floor and a veranda beneath it in front of the main entrance. In al houses the open hearth, normally
located in the center of the kitchen, plays an important role becauseit is not only used for cooking. It isaso
the only comfortably warm place where the family members can sit during colder nights and in the winter
season. The internal vertical space arrangement of these houses leads to thermal buffer zones which have an

insulating effect to keep the main living room as warm as possible.

Semi-open spaces play also an important role in Nepal’s traditional architectures in cool temperate climate.
In front of Sherpa houses an open space or yard is foreseen where newly harvested crops are spread out for
drying, are sorted and graded prior to storage and firewood is piled up for winter month [17]. The porch

located at the entry to a Tamang house also serves as a protected semi-open space. These semi-open spaces

provide another comfortable place, e.g. in winter when the sun is shining.
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Walls

Walls are made of locally available stones with athickness of up to one meter [17]. Stonework is made
either dry or bound together with rudimentary mortar made of soft clayed earth. In Sherpa houses mostly
inner and especialy outer walls are plastered with clayed earth and then painted because the plaster is aso
an excellent weatherproofing material. In Tamang houses the outer walls are made of dry stonework while
the entry facade of the first floor is made of timber. Inner walls of main living spaces are often planked with

timber lathes.

Roof

Due to the heavy rains pitched roofs are more frequently used in the traditional architecture of the cool
temperate mountain climate [17]. Either in Sherpa and Tamang houses the roof rest on a wooden pillar and
beam structure. Wood or date (if available) is often used as roofing material in form of square or rectangular
roofing tiles. Heavy stones are placed on top to prevent them from being blown off by heavy monsoon

winds.

Foundation, floor and ceiling

The Sherpa houses in Khumbu village are built on a platform which is made of locally available stones. The
double wooden ceilings of these houses are supported by a framework of timber pillars and beams. Carpets

are often laid above the wooden floor in the main living areas [17].

Tamang houses are dlightly elevated attached to each other forming aterrace structure. The interior structure
including floors and ceiling are completely made of timber. Often the main entry facade is aso timber
cladded.

Openings

In Khumbu village doors and windows of the Sherpa houses are faced to south-east direction for an effective
exposure to the winter sun [17]. Also houses in Langtang village are observed to face south-east. No
openings are placed in the back side of the houses which are not sun-faced. In Sherpa houses wooden
windows with finely carved decoration and colorful paintings. In the main entry facade of Tamang house
one decorated small window is placed as opening. The actual opening of those windows is rather small.

18

188



Often shutters are used to close the openings completely during night and the cold winter season.

Results

The previous analysis shows that traditional settlementsin cool temperate climate tend to be more compact

than in the warmer climate zones (Table 6).

Locally available stones, which are used for walls and timber, are aso the dominating material for floor,
ceilings, interior cladding of wall and roofing. Like in warm temperate climate the high thermal mass of the
building is favorable to store solar thermal gains during sunny winter days for the cooler nights. Due to the
heavy precipitation during monsoon season roofs are pitched and mostly covered by wood slate and stones.
Openings tend to be smaller than in warm temperate climate that leads to the reduction of heat losses.
Internal spaces are arranged vertically creating athermal buffer on the upper and lower level for the main

living area.

In conclusion, the mountain houses in the cool temperate climate of Nepal are very well adapted to the local
climate conditions. They fulfil the most important design strategy — compact building layout and orientation

towards the sun.

54  Alpineclimate

Representing vernacular architecture of apine climate, houses and settlements from the following areas in
far-western, mid-western, and western devel opment region of Nepal were analyzed: Humla[12,37], Dolpo
[16], Upper and Lower Mustang ([11,38], field visit 2010), Thak Khola villages in Mustang district [16] and
Manang [12,16]. All these locations are part of the Himalayan mountain range located on the northern
stretch of Nepal between 2,500 and 4,600 m.a.s.l. (Humla- 3,500 m.as.l., Dolpo - above 4,000 m.as.l.,
Upper Mustang — 2,800 to 4,600 m.a.s.l.; Lower Mustang — 2,500 to 3,800 m.a.s.l., Manang —

3,500 m.a.s.l.). In contrast to cool temperate climate, temperatures are lower and the amount of precipitation

isvery low throughout the whole year.

Settlement pattern

The villagesin such a harsh and cold climate are very compact (Figure 13). The buildings are often attached
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to each other creating small alleys that are protected from the cold wind and snow storms. In Braga (Manang
district) the houses are grouped closely together sharing one or more exterior walls. In Dolpo the houses are
also attached to one other but each house has its own outer wall [12]. Thakali villages are observed to be

very compact although adjacent walls are not common.

Building form and orientation

Compact building volumes with rectangular building shapes are dominant in Nepal’s Alpine climate region
[12,16,38]. Many houses in Manang have an ailmost square ground floor plan [16]. The compact building
form reduces the surface-to-volume ratio and, thus, heat losses in this cold climate (Figure 14). Houses are
situated on the southern slope of hills or flat valleys to enhance solar heat gains [16,38]. In thisway the high
thermal mass of the building can be heated by the strong solar radiation during the day. In Manang closed
courtyards are widely used to protect from the cold and strong winds. In Mustang narrow streets and high
walls around the buildings marking the pathways have the same function. Other semi enclosed areas like

terraces or rooftops are sometimes covered by overhangs or porchesto give shade for the strong summer sun
[37].
Building stories and internal space arrangement

Mountain housesin Nepal have at |least two stories [31]. The analyzed buildings in Humlaand Manang as
well astypica Thakali houses have three levels [12,16]. The Dolpo houses were found to have two and a
half stories [16]. In Upper Mustang two-story courtyard houses are dominant [11]. Multiple stories make the

total building volume more compact which reduces the heat |osses.

The space arrangement within these houses is mainly organized vertically. The ground and top floor are
assigned to secondary use and have the effect of thermal buffer to keep the main living areain thefirst floor
aswarm as possible (Figure 15). Animals are housed in the ground floor leading to increased indoor
temperature due to their body heat. The main living areain the second floor is horizontally also surrounded
by rooms of secondary use like storage, family treasure, etc. that are creating horizontal thermal buffer
zones. In some houses the upper floor contains also a prayer room or a sleeping room for summer

[11,12,16].
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The flat roofs are forming terraces that are used as open space for any kind of activities during sunny days.
The studied shelters of Thakali people in Mustang and in Manang have a small courtyard [16] (see Figure
15). Being located in avery dense settlement structure the courtyard allows the penetration of day light into

amost al inner rooms of the houses.

Semi-open areas play an important role in providing a proper space for working outside of the house during
day time. In Humla houses, semi-enclosed areas are built with loose-fitting timber structure in front of each
room on the top and middle level [37]. This construction offers some protection from the cold southerly
wind. These semi-enclosed areas measure about 6 square meters. Slight overhangs projecting from roofs

might also form a semi-enclosed verandain front of the house.

Walls

The walls are traditionally built of natural stoneif locally available. In some areas also sun-dried mud bricks
or rammed earth is used [31]. In Humlathe studied house has an 45 cm massive wall that consist of thick
stones and mud-mortar and is restrained by paired timber beams [12,37]. In Dolpo the ground floor walls are
made of stone and mortar with an average thickness of 40 cm while the upper walls are made of lighter
sundried bricks [16]. The settlementsin Upper Mustang are characterized by mud and mud brick walls
[38,39]. Vernacular houses of Thakali people are made of 50 cm thick flat stone masonry that is coated with
white and red mud [16]. In summary, all houses are constructed using the most insulating material locally

available and have walls of high thermal mass to balance the diurnal temperature range.

Roof

Due to the scarcity or even total absence of rainfall roofs of vernacular houses in alpine climate are generally
flat [12,16,31,38]. Using locally available material, the roofs are typically made of stone and mud laid on a
timber post and beam structure. Vernacular architecture of this region has developed different techniquesto
make the roof waterproof. For example, in Humlaroofs consist of dried juniper branches laid over roughly

cut timber boards with an added layer of black mud and afinal waterproof layer of fine white mud [12]. This
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technique protects from the wet snow that typicaly fallsin the early winter months. Thakali and Manang
people have also developed aroof finishing system that uses a fine mud layer to ensure waterproofing.
Furthermore, wood is piled on the border of roofs that provides protection from the strong wind [16]. In
some mountain houses a dight roof overhang can be seen for protecting semi-closed spacesin front of the

house [37].
Foundation, floor and ceiling

All investigated traditional houses are built above the ground using a foundation made of locally available
stones [16]. The structure of ceilings is made of timber posts and beams. The room height is generally very
low in order to reduce the need for heating. The traditional houses of Humla have a ceiling height between
1.8 and 2 meters; rooms in Dolpo houses are only 1.75 meters high [16,37]. Floors are covered by a mud

layers over the roughly cut wooden boards [12].

Openings

The studied vernacular houses have very small doors and windows made of wood [16,31,38]. Windows are
often the most expressive element of the house and have nice carvings with Buddhist symbols [12]. In Upper
Mustang villages look like fortified towns due to the reduced window area of the outer walls (Figure 16).
Generaly, shutters are used to reduce infiltration of cold air, particularly, during night time. The protection

from heat losses is the main bioclimatic strategy to maintain comfortable indoor climate under very cold

conditions.

Results

Vernacular houses in Alpine climate have several more features to protect from the coldness than housesin
the other climates of Nepal. Settlements and building volumes are compacter and denser than in temperate
climates. The houses have far smaller and less openings in order to reduce heat losses. The internal space
arrangement is optimized to create thermal buffer zones. The use of window shutters has the effect to

increase the tightness of the building.

Roofs areflat asfar lessrain isfaling than in cool temperate climate. The buildings have a high thermal

mass that help to balance large diurnal temperature range between the season and in summer. Semi-open
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spaces like the sunny flat roof top, wind protected veranda and courtyards play an important role to provide

comfortable areas for all kind of household activities during the day.

Concluding, the vernacular house design is very much adapted to the local climate conditions. The main

objectiveisto reduce heat |osses during long and cold winter season.

6 Conclusion

This study identified many climate-responsive or solar passive design strategies that are applied in

vernacular houses of Nepal (Table 8).

Main strategies for Subtropical climate of Nepal are solar passive heating in winter, low thermal mass,
reduce direct solar gains though building orientation and shading, enhancement of air movement and rain
protection. The use of light (low thermal mass) and air-permeable materials for the building envelope and
proper placement of openings are enhancing natural ventilation that is essential during warm and humid
season. Some but not all houses are orientated north and south as recommended for the reduction of direct
solar gains through the fagade. All analyzed vernacular houses have adequate shading, semi-opened outdoor
gpaces for any kind of activities and are protected from heavy rains by awide roof overhang. Roofs are
mostly made of thatch which isalight and well insulating material. Solar passive heating is the only
identified bioclimatic design strategies that could not be found in vernacular architecture of Subtropical

climate.

For the Warm temperate climate bioclimatic analysis brought out the following design strategies: Solar
passive heating for winter, protection from the cold and rain, high thermal mass, enhanced air movement and
medium sized windows with shading in summer. These strategies are fully or at least partly applied in the
studied vernacular houses. The building orientation towards south as well as the arrangement of courtyards
in the more compact Newar settlement enhances solar gains during cold winter and, thus, solar passive
heating. However, large roof overhang and shutters keep the steep summer sun away from the building
facade to avoid overheating. Recommended high thermal mass of walls and floor as well as light well
insulated roof was also found in most studied vernacular houses of warm temperate climate. The courtyard
system combined with openings in opposite fagades ensure enough natural ventilation in the compacter
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Newar settlement. While the vertical room setup creates thermal buffer zones to protect from the cold in

winter. Shaded semi-open spaces like verandas, bal conies and courtyards provide a cooler spaces in summer.

In the Cool temperate climate, the building design should be optimized for solar passive heating, protection
from the cold in winter, compact settlement pattern and building layout, high thermal mass of walls and
floors but light well insulated roof and medium sized. Most of these identified design strategies are applied
in the vernacular houses. Heavy very thick stones walls protect the inhabitants from the cold and harsh
climate in winter. The arrangement of additional functions like livestock and storage above and below the
main living space provides thermal buffer zones. Partly, studied buildings are oriented towards south to
benefit from solar heat gains during the day that is stored in high thermal mass of the envelope for cooler

night.

Houses in Alpine climate of Nepal need mainly protection from the cold and should enhance solar passive
heating. Beside high thermal mass of the walls, floor and roof, a dense and compact settlement structure and
building layout is recommended. It was further elaborated that only small openings are suitable. The studied
examples of vernacular houses in this climate show few features that would enhance solar passive heating.
Priority is given to the protection from the cold through thick heavy walls, very small windows and avery
dense settlement structure. Furthermore, the vertical internal space arrangement keeps the main living area
with the open fire in the center of the building warm through thermal buffer rooms all around. The flat roof

top terrace provides a sunny and warm place for doing any kind of household activity during the day.

The results of this study show that traditional architecture in Nepal isvery well adapted to the local climate
conditions. The vernacular houses are designed in such away to provide the most comfortable shelter with
the building materials and technol ogies that were available at that time. The architectural design is optimized
to use natural resources like solar radiation and wind efficiently. However, traditional building design and
techniques cannot always meet modern living style. Nevertheless, traditional buildings constitute arich
knowledge base that should not be abandoned and totally replaced by modern universal energy-intensive
building practices. Instead vernacular design has to be trans ated and adapted to modern living and comfort
regquirements. For example, the vertical space arrangement of Newar houses might be inappropriate for
modern lifestyle. However, the Newar courtyard settlement structure that is optimized for solar penetration
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in winter and reduces solar heat gains in summer, can be used to create dense and resource efficient

residential areas of modern living.

This study laid the groundwork in identifying the design strategies used by vernacular architecture in Nepal .

Further research is needed to trandlate these traditional strategies into the modern context and come up with

appropriate building techniques for the fast devel oping constructions sector of the country.
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Figure 1: Physiographic regions of Nepal (adapted from [25])

27

197



Changhadi 187 m fathmandu | 336 m Dhunche 1952 m Thakmarpna 2545 m

FETAA™ BN 33F ATTHXMN BST2XF PRUOR'M AST15F JETAS'N BIT4PF
21 MizanTemparature [Min vax) ]
qC T 4L
EE - f'_'ﬁ..‘;_- - . - 1 | ! . ! - &
i o . i
5 A [ 28
an [ I_’r \\‘ 26
1T —f “ 10
i 5
G [ — o
s =5
[S0]  Falative Humd ity [Min/Wax) [%a]
100 100
a0 et “h,l T—— | ' 50
an \ ™, s . [ al
| Fag ; = d 1.
f.|_'| 1 \ ;'Ir \‘.I-..“...,.--.' - --"".r.r’-' 2 iy 1| ""k...__, ?“!;ﬁ"f—_—:“‘: '5-_‘- 7n
e . 8 ,1_5{ '_. — 51
50 N o — 50
40 1 i | — 1 ! oot £
a0 : a0
mml Precloitation [l
&00 | | 500
500 - - 500
400 i i ES ]
300 300
200 | : | —1 200
10C T T 133
C o
| = T T = B = I = i
sP38353555 28
Figure 2: Climate diagrams of four selected locationsin Nepal (after [30])
|Subtropical Climate| |Warm Temperate Climate

Location: Dhanghadi 187 m Location: Kathmandu 1336 m

- 5 ey RELATIVE HUMIDITY (%) o o B, RELATIVE HUMIDITY
28° 48'N, 80° 33'E 5o & & 7 30 27°42'N, 85° 22'E EER 30
AH Active Heating
SPH Solar Passive Heating 25 25
CZ Comfort Zone >
V Natural Ventilation o
TM Thermal Mass - 20 20
TMV Thermal Mass with Night
Ventilation — ~
AC Active Cooling g <15 ¢
DH Dehumidifation 2 ]
> >
| = =
10 g 10 g
10 % 2 2
T e S
5 2 5 3
o} e}
7] 0
o 1]
< <
50° 0 5 10 15 20 25 30 35 40 45 50°
DRY BULB TEMPERATURE (°C) DRY BULB TEMPERATURE (°C)
: RELATIVE HUMIDITY (% . : RELATIVE HUMIDITY (%
Cool Temperate Climate (o CELATIVE HUMIDITY O9). 54 Alpine Climate  RELATIVE HUMIDITY (%) 30
S & o & & Y
S o/ S
Location:Dhunche 1982 m Location:Thakmarpha 2566 m /
28° 48N, 85° 18'E )a 28° 45’ N, 83° 42’ E - 25
20
g 415 €
E) >
> >
= =
] 10 2
s s
2 2
I I
g ¢
=} 5 O
2 2
o} [}
173 0
o [i1]
< <
50°

DRY BULB TEMPERATURE (°C) DRY BULB TEMPERATURE (°C)

28

198



Figure 3: Givoni'sbioclimatic chart for four representative climate zones of Nepal
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Figure 4: Nepal map with location of analyzed ver nacular houses
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Figure5: Floor plan and section of Dangaura Tharu House (after [15])
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Figure 7: Gable opening for air circulation in Tharu House, Chitwan

|
Kit% n Terrace

Living room

Sleeping
room

] —

Open veranda

Shop towards courtyard

Figure 8: Section of Newar house with vertical space arrangement (after [21])
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Figure 10: Facade of Newar house with big wood carved window and lar ge roof over hang
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Figure 11: Floor plan and elevation of Sherpa house (after [17])
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Figure 13: Narrow lane of compact settlement structurein Upper M ustang
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Figure 14: Compact building typologies of Thakali housesin Marpha, Lower Mustang (after [16])

32

202



0 Terrace

T

Cattle shed
Cattle

Room of
ancestors

Living
room

shed
Cattle shed

Figure 15: Floor plan of Thakali housein Taglung (after [16])
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Figure 16: Typical Small windows in building facadein Upper M ustang

Table 1: Availability of traditional building materials (adapted from [16-19])

Region Geomorphic | Width | Altitudes | Main rock type Soil type Typical Available traditional
unit (km) (m) vegetation building materials
Tarai Northern 20-50 |60-200  |Alluvium: Coarse, Rich fertile alluvial | Fertile Abundant: wood, thatch,
Region edge of gravel in the north soil, gravelly and | agricultural land, | daub, other biogenic
Gangetic becoming finer sandy soil dense Sal forest | materials, mud, sand,
Plain southwards gravel
Scarce: stones, rocks
Hilly Region | Churia Hills | 10-50 |200-1000 | Sandstone, gravelly and sandy |Sal forest Abundant: stones, slate,
or Siwalik mudstone, shale, soil timber, thatch, clay for
conglomerate brick making, sand,
Dun Valleys |5-30 200-300 | Alluvium: coarse to  |Rich fertile alluvial | Sal forest gravel
fine sediments soil
Mahabharat |10-35 |1000- Schist, phyllite, Fertile residual soil | Along middle
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Range 2500 gneiss, quartzite, slope: hill forest,
granite, limestone,

slate
Middle 40-60 |200-2000 | Schist, phyllite, Fertile residual soil, | Mixed evergreen
Mountain gneiss, quartzite, in valleys: forest, open
granite, limestone, in | Lacustrine soil grazing and
valleys: also finer (fertile and clay for | woodlands
alluvial sediments brick making)
Himalayan |Fore 20-70 |2000- Gneisses, schists Low fertile glacial | evergreen Abundant; stones, rocks,
Region Himalaya 5000 and marbles soil coniferous forest | mud
(Mountain) up t0 4000m, | scarce: timber and other
alpine grassland | iogenic materials
up to 4500m
Higher 10-60 |>5000 Gneisses, schists Low fertile glacial | No vegetation
Himalaya and marbles soil
Inner and 5-50 2500- Gneisses, schists Low fertile glacial | Scarce
Trans 4000 and marbles; in Trans | soil vegetation
Himalayan Himalayan Valley:
Valleys also finer sediments

from limestone,
shale, sandstone

Table 2: Nepal's climatic zone (after [24])

Climatic zone Altitude Mean Temperature Annua_l Ave.rage Selected locations
Winter Summer Precipitation

Sub-tropical 0-1,200 m 15°C >30 °C 100-200 mm Dhanghadi

Warm temperate 1,200-2,100 m 10°C 24-30 °C 100-200 mm Kathmandu

Cool temperate 2.100-3,300 m <5°C 20°C 150 mm Dhunche

Alpine 3,300-5,000 m <0°C 10-15 °C 25-50 mm in snow Thakmarpha

Tundra Above 5,000 m Below 0 °C Snowfall

Table 3: Recommended design strategiesfor each month in different climate zones of Nepal according to M ahoney Table

Design strategy Subtropical climate Warm temperate climate | Cool temperate climate Alpine climate
JIFIMAM[J|J|AIS|OIN|D[J|FIMAM|J|J|AIS|OIN[D|J|FM[AM[J|J|A|S|OIN|D|J|F|M|AM[J|J|A|SIO|N|D

H1: Air movement essential
H2: Air movement desirable
H3: Rain protection necessary
Al: Thermal capacity

A2: Outdoor sleeping

A3: Protection from cold | |

Table 4: Characteristics of vernacular housesin Subtropical climate of Nepal

Tharu house in Traditional Tarai Rana Tharu house Dangaura Tharu Kochila Tharu
Chitwan houses house house
Settlement pattern | Scattered clusters | Loose clusters of Loose pattern around | Loose, along the Loose building
semi-enclosed open courtyard road side clusters along road
compounds
Building form Rectangular Rectangular floor plan | Compact layout Elongated elongated
Building n.s. n.s. Longer fagade north- | Longer side east- Long facades east-
orientation south wards west oriented west
34
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Building stories 1 1 15 1 2
Internal space Horizontal, few Horizontal manner, Horizontal , Horizontal, few Mainly horizontal, 2nd
arrangement divisions almost undivided mezzanine used as division floor includes open
open space storage veranda
Semi-open spaces | Veranda Veranda Open courtyard, Veranda Open courtyard,
veranda veranda in second
floor
Wall material Wattle and daub, Mud plastered woven | Mud plastered Low walls of wood Lumber on timber
straw and mud, cane mat tied on timber/bamboo walls and bamboo covered | structure
timber, bamboo timber frame by mud layer
Wall thickness Very thin Thin, permeable to air | Thin Thin Thin, permeable to air
Roof material Thatch Thatch or tiles Tiles Bamboo lathes with Thatch

thatch covering

Roof type Pitched roof Hipped roofs Pitched roof Hipped roof Pitched roof

Roof overhang Wide Wide Wide Large Large

Foundation Plinth of stone and | stone plinth or Earth/stone plinth Slightly raised Earth/stone plinth
mud wooden piling platform

Floor Compacted earth | compacted earth or n.s. Covered by mud n.s.
with fine mud layer | clay tiles layer made

Ceiling High High ceilings High ceiling High ceiling n.s.

Openings Very small Upper part of exterior | n.s. Few and small Few and very small,

wall is made of loose openings doors are largest

bamboo strips openings
Table 5: Characteristics of vernacular housesin Warm temper ate climate of Nepal
Hill house in | House in Indo- Gurung .
Newar house | Nepalese Adobe house Limbu house
Dolakha Salle house
house
Settlement Scattered Scattered High n.s. High medium Scattered
pattern
Building form rectangular
. rectangular
Rectangular rectangular plan with rectangular rectangular
! . plan along round shaped
floor plan elongated interconnecting plan form
terrace
courtyards
Building . longer side south, south- | Main long
. 4 longer side . parallel to
orientation oriented n.s. east or south- | facade south- | n.s. ;
southwards . river
downhill west west wards
Stories 2t02.5 2 3t03.5 2 2.5 15 1.5-2.5
Internal space , vertically use
ground floor: ) . .
arrangement of space: dominant vertically, .
| veranda, ) . ) internally
Ground floor: . ground floor: horizontally, ground floor: more
i kitchen bed & . almost open .
kitchen and storage; 1st 1st floor used | shop, storage, horizontally,
N .| prayer room, , L space, few ,
living; 1st floor: , floor: as storage, 1t floor living r ground floor is
. 1st floor: bed ) - divisions, s
sleeping, bedrooms; 2nd | provision of and bed room, . main living
rooms, e ) ] mezzanine as
storage floor: living semi-open 2nd floor: area
storage, . ) . fodder
room; 3rd floor: | space kitchen
balcony ;
kitchen
Semi-open Shaded Closed
Open Veranda and
spaces veranda and veranda and courtyard no Veranda
courtyard balcony
balcony balcony
Wall material stone, burnt_bnck Stone-mud Adobe wall wooden lathe stone anq
stone and (outside), sun . . . mud, white or
plastered and . e with mud (sun dried clay | covered with
, mud dried brick with . ocher mud
painted o plaster bricks) mud
mortar (inside) plaster
Wall thickness 40-50 cm 50 cm 28-70 cm 35-50 cm 50-60 cm thin thick
Roof material Burnt clay tiles | thatch or burnt tiles on
stone slates thatch on thatch on
. thatch and on mud layer slates on mud layer . :
on timber . , timber timber
stone slate and timber wooden roof above timber
structure structure structure
structure structure structure
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Roof type

saddleback pitched roof gable roof pitched roof pitched roof steep steep pitched
roof roof
Roof overhang wide yes wide yes wide wide wide
Foundation Stone plinth 60-80 cm deep 30-50 cm foundation of _ _
covered by n.s. . stonework low plinth stone plinth
stone plinth stones
mud/earth platform
Floor Mud/earth mud and cow
Mud layer n.s. n.s. mud layer n.s.
covered dung
Ceiling Very low, Wooden Wooden
. . structure of
wooden structure with structure with .
wooden beam timber and n.s. n.s.
beams and lathwork and lathwork and
. bamboo
lathwork mud covering mud layer
Openings Medium sized | Small small wooden
) . . very small, Co
S openings windows, only | windows on . medium sized
Medium sized L rather small, grilled .
towards valley | for living room | southwards . windows,
: : windows
side large window facades,
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Table 6: Characteristics of vernacular housesin Cool temper ate climate of Nepal

Tamang houses

Sherpa houses

Location Central mountain, Langtang region Eastern mountain region

Settlement pattern Attached houses, rather compact Houses in small groups along the slope

Building form Compact rectangular floor plan, attached houses elongated rectangular or L-shape

Building orientation Main facade south-west wards The longer side towards the slope

Stories 2 2

Internal space arrangement Vertically, elevated ground floor is main leaving vertically, ground floor as thermal buffer space
area with kitchen and sleeping, 1st floor storage

Semi-open spaces Veranda and balcony Veranda

Wall material Unplastered stonework stonework dry or with mud mortar, mud plaster

Wall thickness 40-60 cm uptolm

Roof material Wood slat weighted with stones, stone slate (if wooden pillar and beam structure with heavy stone
available) slabs

Roof type Pitched roof pitched roof

Roof overhang Yes yes

Foundation Elevated ground floor adapting to the slope ground floor partly built into the slope

Floor Wooden lathwork wooden floor with carpet

Ceiling low ceilings double wooden ceiling

Openings Small wooden windows only in entry facade small openings, only one large living room window

faced southwards

Table 7: Characteristics of vernacular housesin Alpine climate of Nepal

Humla house Dolpo house House in Upper Thakali house Manang house
Mustang
Location Far-western Mid-western Western mountain Western mountain Western mountain
mountain region mountain region region region region
Settlement Densely scattered, Houses attached to | dense housing compact settlements | Dense, attached
pattern partly attached one other cluster houses
houses
Building form Almost square floor | rectangular rectangular towards | terraced houses almost square
plan square surface
Building south n.s. towards sunny side | southwards facing facing south
orientation of valley
Stories 3 25 2 3 3
Internal space vertically and vertical space use vertical space centrally and vertical space
arrangement horizontally use of creates thermal arrangement with vertically with use of | arrangement by uses
buffer zones buffer zones thermal buffer zones | buffer zones buffer zones
Semi-open roof top courtyard, roof courtyard, roof courtyard, roof courtyard, roof
space terrace terrace terrace terrace
Wall material stone and mud lower wall: stones sun-dried bricks flat natural stone stone assembled
mortar and mortar, upper masonry coated with | with earth

walls: sundried
bricks

white and red mud

Wall thickness 45 cm 40 cm 45 cm 50cm thick

Roof material mud n.s. mud filling over severe mud layers 10 cm mud layer on
wooden structure wooden latter

Roof type flat flat flat flat flat

Roof overhang 50 cm n.s. n.s. yes slight overhang

Foundation n.s. n.s. n.s. n.s. stone, 30 cm deep,

60 cm wide
Floor n.s. n.s. mud covered n.s. n.s.
Ceiling Low ceilings Low ceilings wooden beam and wooden structure wooden beam and

pillar structure

pillar structure
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Openings small

very few and small small openings in
South, West or East

facade

small windows with
shutters

very small wooden
windows

Table 8: Climate-responsive design strategiesin vernacular architecture of different climatic zonesin Nepal

Climate-responsive design strategy

Climate zones

Subtropical

Warm temperate

Cool temperate

Alpine

Solar passive heating

Protection from the cold

High thermal mass of walls and floors

+ ||+

4+ |4+

High thermal mass with night ventilation

Building orientation north-south

I+
I+

Compact settlement and building layout

Low thermal mass of walls and floors

Light well insulated roof

+|+
+

I+

Heavy roof

Reduction of direct solar heat gain in summer

Enhancement of air movement in summer

I+

Protection from heavy rain

4|+ |+

-+

Outdoor sleeping space for summer

+ 4 [+ [+

Small openings to reduce heat losses

Medium sized openings

I+
+

Shading of openings in summer

+

Legend: +applied - not applied

+ partly applied
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PROMOTION OF SUSTAINABLE HOUSING IN CITIES OF NEPAL

Green Homes

Technical Notes

Housing sector has significant contribution
to local economy. 18% of total urban
employment in Nepal is contributed by
construction industries. With the pace of
urbanization it is estimated that there will
be additional need of one million urban
houses from 2011-21. To meet this demand,
the ongoing conventional building practices
will be solely rely on depleting natural
resources which will disgracefully contribute
to the urban pollution along with increasing
other climate change factors.The sector also
imports most of its construction materials
primarily from neighbouring countries. Thus
it becomes not only costly but creating large
carbon footprints. In addition, it needs high
cost for heating and cooling as well as
retrofitting because of its poor performance
in extreme temperatures.

Widespread chronic energy crisis with 16
hours of load shedding per day during dry
months and the increasing cost of fossil
fuels are impacting negatively on the
economic development and the living
condition of people. Likewise many
Nepalese cities are also facing challenges in
water scarcity, waste management and
environmental pollution. On the other hand,
housing itself is exposed to a variety of
environmental impacts and hazards,
including those associated with natural
disasters and climate change. The way
buildings are designed, constructed and
operated nowadays is likely to compound
these stress and has a direct implication on
inhabitants' economy, safety, comfort as
well as health.

To enhance sustainability and address these
stresses, it is imperative to include eco-
friendly practices and to curb the energy
consumption in the housing sector - both
embodied in construction materials as well
as operational. This document acts as a
guideline to provide some of the
mandatory/ basic criteria that should be
taken into consideration for Green Homes
or sustainable housing.

Green Homes Features:
Building Design

(Passive Solar Design)

A good design of a building provides
solar access during the cold season of
the year and adequate sun protection
and ventilation in hot seasons. Thus
passive solar design is a design of a
home which maximizes the benefits it
receives from sun with standard

construction features. Incorporating the

principle of passive design in a home

v’ Significantly improves comfort

v Reduces or eliminates heating &
cooling expenses

v Reduces green house gas emissions
from heating, cooling, mechanical
ventilation and lighting.

Orientation and layout Understanding
the movement of the sun during the day
and throughout the year; estimating the
effects of neighbouring buildings'
shading or sunscreen needs; and
studying existing micro climate
(especially the existence of rivers,
streams, valleys, hills etc), the
orientation of buildings should be
decided. Generally, buildings should be
developed along the East-West axis and
main facades should face on south for
warm and cold Temperate Zone and
north for hot temperature zone to
minimize or maximize direct exposure to
solar radiation.

Building layout should be designed in
order to place living areas (bed rooms,
living-rooms and Kitchen) in the south-
north side depends on climatic zone (on
south for warm and cold Temperate
Zone and north for hot temperature
zone). Service areas (service rooms,
staircase and toilets) can be placed on
the East-west side. Kitchen should have
proper ventilation using openings and
chimneys

bathrooms should have external
windows for natural ventilation

Shading

The overhangs for shading from the sun
should be designed in such a way that
sun can enter into the house and heat
the wall and floor in winter and it can
protect solar radiation in summer.
According to the orientation of the
building, vertical/horizontal and
fixed/moving shading devices can be
used

By considering our building choices, we can easily increase
the comfort, safety, and efficiency of our home without
putting undue stress on our natural resources. By making
our home "greener," we help to minimize pollution, protect
the natural environment, and create a healthy, comfortable,

nAan hasgavdAaiirn hAarma fFAv 11~

Openings:

Large openings (doors and windows)
should be provided in south or north
sides depending on the climatic zones.
In Kathmandu, large openings can be
place on south and east sides and
smaller openings on the north side.
Openings in west facades should be
avoided or limited to a minimum.
Indoor spaces such as kitchens and
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Natural Ventilation

Frequent replacement of indoor air
with fresh air is necessary to improve
indoor comfort and hygiene. There are
two types of natural ventilation : cross
ventilation and vertical ventilation.
Cross ventilation depends on the
building shape and wind
speed/direction. Inlet opening should
be regularly distributed and located on
the wind-ward side and outlet windows
should located on opposite side.
Vertical ventilation is used for Chimney
effect due to a difference in indoor-to-
outdoor air density resulting from
temperature and moisture differences.

Natural lighting:

The building should be designed in
order to maximize natural lighting and
optimize favourable outside views for
better comfort and reduce the need for
artificial lighting. High reaching
windows provide the best distribution
of light. Opening in the roof (sky lights
and light tubes ) are also a good option
for row-housing

Sustainable Construction
Materials

A sustainable home must optimize the
uses of conventional building materials
— steel, cement (Ordinary Portland
Cement), fire-brick as well as water and
use of local (indigenous) materials
available in local area.

Green and sustainable construction
materials is that materials which

v' Materials should be local

1. Crossventilation
2. Stackeffect

(indigenous) materials, those
occurring 'naturally’ in the local
area and capable of being worked
by the local labour force. Wherever
possible, materials should be
recycled and recylceable

v' Materials used for building should
be producing less amounts of CO2
both during construction and
throughout a building’s life and
should have lower the embodied
energy of those materials than the
base case

v Building materials should have an
infinite availability locally in order
that supplies are not simply short
term.

v" The materials used should not
cause long-term damage to the
environment due to their
composition and degradability

v' Materials resources should be used
in such away that they meet the
economic, social and cultural
needs, but not depleting or
degrading these resources to the
point that they cannot meet these
needs for future generations

v' Materials should be cost efficient
to own and operate and have
longer the life span

v' Materials mentain healthly indoor
climate and assures comfort for
human health

The selection of the type of building
materials depends on the climatic zone.
In Kathmandu Valley, it need to use
materials of high thermal mass for the

construction of walls. These materials
minimize construction waste, re-use
existing building facade, use recycled
and salvaged materials, use renewable
construction material. Some of the
currently used materials:

1. Hollow Concrete Block
2. Soil-cement block

3. Strawbale

4. Earth-rammed walls

Energy Efficiency

Solar Energy:

With an appropriate building design,

solar energy systems can be installed on

the roofs, making use of the abundant
solar radiation existing in the each
climatic zone.

v’ Solar Water Heater (SWH) :  This
system uses solar energy to heat
domestic water. It consists of a
collector and insulated storage
tank. It don't cost lots; once the
system is installed, there are no
running costs except annual
maintenance. The electricity bill
can be reduced by up to 60%, if it is
sized correctly.

V" Solar Home System (SHS) :  This
system comprises of Photovoltaic
(PV) modules, wiring, a control
panel, batteries to store electriicty
and an invertir. PV modules have a
lifetime of at least 25 years. They
can be an integral part of the
building envelope replacing
cladding or roof tiles; or even being
used as shading elements. Even
SHS has costly initial investment
nowadays most of the urban

Embodied Energy
Sand [-AARTCRALC

i Comaent
<1580

GO Emissions
Sand Aggregate

Quantity of Materials {Kg)
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houses has a back of system with
batteries and inverter. Only
Photovoltaic (PV) modules is
necessary for those houses.

Energy Efficient Appliances:

Electrical appliances account for about

30 per cent of household energy use. By

selecting appliances carefully you can

save money and reduce your
environmental impact without
compromising lifestyle.

v’ Efficient cooking methods such as
using pots with fitted lids,
simmering instead of boiling and
using a pressure cooker will save
energy.

v Match the size of pots to the size of
the element or flame.

v’ Use fluorescent or compact
fluorescent lamps (CFL)—- they are
energy efficient (use about % of
energy of normal bulbs) and long
lasting.

v Turn off lights when not needed.

v’ Use timers or sensors on outdoor
security lights.

v’ Use separate switches for each light
fitting.

v’ Consider using solar lighting for
outdoor areas.

v’ Tosave standby energy
consumption, equipments such as
TV, computer and others should be
switch the appliance off on the set
or at the power point rather than
turned off with the remote only.

v’ Refrigerators and freezers should be
located out of direct sunlight and
away from other sources of heat
such as ovens and stoves with
75mm air space around all sides.

Use well designed windows and

skylights to provide natural light while

keeping winter warmth in and summer
heat out

Wind:

Domestic wind turbines, which
transform the energy in the wind into
mechanical power and generate
electricity are usually used in stand
alone power system and designed to

1. Crossventilation
2. Stackeffect

charge a battery. It can be used
coupling with PV modules. Domestic
wind generators are usually sized in the
range of 300 W to 5KW. Output of a
wind turbine depends on the wind
constancy, speed, direction and
turbulence. Since wind speed increases
as the height above the ground
increases, wind generator should be
installed on the highest tower that is
practical and cost effective.

Biogas:

Biogas refers as gas produced by the
breakdown of organic matter in the
absence of oxygen. Biogas is produced
by anaerobic digestion with anaerobic
bacteria of biodegradation materials
such as kitchen waste, green waste, and
plant materials. Household level biogas
will be a one solution to manage
household level organic waste in one
hand, in another hand, this gas can be
used for cooking purpose which helps
to reduce dependency on LPG gas. One
cubic meter capacity of biogas uses
around 2 kg of organic household
waster per day to produce biogas that
burns for one and half hour which is
sufficient to cook food for a household.
Household level biogas does not take
huge space for installation as they can
install in water tank which are easily
available in the market.

Water Conservation
Water efficient appliances:

Use of various water saving appliances
can control water flow and reduce
water consumption for non drinkable
purpose. Water saving devices can
reduce up to 35% water use at
household level. It also help to reduce
house utility bill.

v’ Regular leakage checking and
repairing water leakage
immediately

v’ Installing water meter to check
water flow and hidden water
leakage at house
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v’ Installing water saving shower
heads and low faucet aerator:
these shower heads are easy to
install and which can limit water
flow during shower

v' Dual flushing tank in toilet:
replacing high volume flushing tank
by dual flushing tank which can be
adjustable as per requirement.

v’ Behaviour change: changing the
behaviour of people is a key for
water management. Educating
children and practicing water
saving techniques.

Rainwater Harvesting:

Collecting rainwater in a tank or
recharging ground water for different
propose is called rainwater harvesting.
It is a very simple and environment
friendly technology. Rainwater
Collected rainwater can be store for
direct use or can be recharge into the
ground. Besides direct use of rainwater
for household purpose, it has multiple
benefits such as;

v It improves the quality of ground
water and raise the groundwater
level of wells

v Itis an ideal solution where water
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scarcity is a major problems

v Reduction in soil erosion and
surface runoff

v’ Energy saving for water pumping
Waste water recycling:

Usually 80% of total water consumption
is converted into wastewater.



Generally, there are two types of
wastewater are generated at
Household level - backwater generated
from toilet flushing and - grey water
from kitchen and bathroom. Both black
and grey water can be treated and
recycle for various household purposes.

v' Decentralized Wastewater
Treatment System (DEWATS):

It is a natural and simple operating
treatment process which treats both
black and grey water. In DEWATS
natural treatment process is achieved
by the combination of physical principle
and biological activities of
microorganism. This treatment system
can effectively remove BOD and COD
upto 90% from the wastewater which
can reuse water for various household
purposes as toilet flushing, car washing,
gardening etc.

Waste Management

Based on finding, it is estimated that
households generally contributes 50% -
75% of municipal solid waste
generated. It also found that around
66% of total waste generated by
household falls is organic waste
category which shows great potential to
convert waste into usable compost.
(Solid waste management report in
Nepal, ADB). There are various simple
household level technology which easily

convert organic waste into compost.

v' Segregation at source of waste
generation point is a first step of
waste management. This process
will help to separate organic and
inorganic waste and which will help
to give value for waste. For eg.
Organic waste can be easily
converted into fertilizer and other
inorganic waste can have resell or
reuse value which will help to
reduce municipal waste generation
significantly.

v' Composing : there are various
composting methods such as bin
composting, box composting, ring
composting where organic waste is
collected in container and to
increase the effectives of
composting fly ash , effective micro
organism can be added in presence
of proper air circulation. These
composting methods gives
compost within 2 months which

conditioner.

Urban Agriculture

Roof top farming is cultivating food on
roof top or open spaces in a house. This
roof top farming gives a combine
solution for waste, wastewater and
water management. This technology
helps to reduce dependency on
importing vegetables from other
country which significantly contributes
for green house gas emission.
Moreover, roof top farming may
provide positive impact on occupant
health by maintaining inside
temperature of room and it also
provide pesticides free vegetables.
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Rainwater Harvesting and
Groundwater Recharge

ror Water Storage in the
Kathmandu Valley

Roshan Raj Shrestha, \Water for Asian Cities Programme, UN-HABITAT, Nepal, roshan.shrestha@unhabitat.org.np

et not one drop of water that falls on the earth
L in the form of rain be allowed to reach the sea

without being first made useful to man. These
were the words of Parakramabahu, a 13th century
monarch from Sri Lanka, who constructed a massive
rainwater harvesting reservoir which is used to
irrigate vast stretches of paddy fields in the Gal Oya

district of Sri Lanka to this day.

Traditional stone spout in Patan Durbar Square

Rainwater is used all over the world for drinking,
irmgation, aquaculiure, groundwater recharge, and
fire fighting. In South Australia, 42% of the population
drinks rainwater. In Bangladesh, rainwater is a major
alternative source of drinking water in arsenic-affected
areas. At Singapore’s Changi Airport, 63,500 fonnes
of rainwater is used for flushing toilets and cooling the
terminal buildings each month, about 33% of the total




water used, saving approximately USD 390,000 a
year. In China’s Gansu Province, the annual precipitation
of 300 mm caters to 2 million people and supplies
supplementary irrigation for 236,400 hectares of land.
In India, direct recharge of rainwater into the ground
(Mahnot et al. 2003) resulted in groundwater level
increases of up to 5 to 10 metres in just two years.

Given such successes around the world, it is clear that
rainwater harvesfing has great potential to address some
of today's water crises in many of the world's urban areas.

Water demand and exploitation of groundwater
in the Kathmandu Valley

Kathmandu Valley has been suffering from a shortage
of drinking water since the 1980s, and the situation

is gefting worse. The Valley's current water demand

is about 280 million litres per day (MLD), but the
Kathmandu Valley Water Utility (KUKL) can only supply
about 86 MLD during the dry season and 105 MLD
during the wet season. To meet the supply-demand gap,
groundwater from both shallow and deep aquifers [more
than 200 mefres| is being heavily extracted by small- to
large-scale users, including KUKL itself. This unregulated
extraction is depleting the aquifers; especially the

deep aquifers are not easily rechargeable due fo the
Valley's impermeable black clay (ICA 1990). The
overall groundwater exiraction rate exceeds the natural
recharge capacity by 6 times, resulting in a lowering of
the groundwater table by approximately 2.5 metres per
year [MPPVW 2002). An immediate consequence of the
depletion of shallow groundwater aquifers is that dug
wells, hand pumps, and traditional stone spouts can no
longer provide water as they once did. The groundwater
quality is also a concemn, chemical pollutants such as
arsenic, ammonia, and nitrate have been detected in
deep aquifers in many areas of the Valley.

Historical water management

The historical cities in the Kathmandu Valley were
established over 2000 years ago. The Kirat regime
constructed rainfed ponds and springs. Later, the
Lichhavi kings linked the ponds fo sfone spouts and

dug wells to provide water fo the cities. These sfructures
were expanded during the Malla regime, when
elaborated networks of canals, ponds, and water
conduits were constructed (Figure 1). This water supply
and management system supplied adequate good
quality water to the urban population throughout the
year. Guthis (local community groups) were formed to
mainfain the overall supply system. Once a year, on the
Sithi Nakha festival, the guthis worked together to clean
up the ponds, wells, and water canals.
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Groundwater Recharge

This historical system was neglected after the introduction
of a piped water system fo the Kathmandu Valley about
a century ago. The sfone spouts have been further
affected by the recent uncontrolled exploitation of
groundwater and the destruction of the former rainwater
collection ponds and recharge areas. A recent study
found that about 400 stone spouts and several hundred
fraditional dug wells in the Kathmandu Valley are now

dry INGOFUWS 2006).
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Figure 1: Schematic diagram of traditional water supply system
(CIUD/UN-HABITAT 2009)

Rainwater harvesting potential

Rainwater harvesting and arfificial recharge into shallow
and deep aquifers offers a promising approach for
reversing the frend of water resource exploitation and
groundwater depletion. The average rainfall in the
Kathmandu Valley is around 1900 mm: more than twice
the world average. Approximately 1.2 billion cu.m/year
or 3353 million litres per day (MLD) of rainwater falls in
the 640 sq.km Valley. This is about 12 times the present
water demand.

The author has been collecting rainfall data at one
location in Kathmandu since January 2005. The
average annual rainfall in this location over the last four
years was about 2500 mm, higher than the estimated
valley average. About 80% of total rainfall on a building
can be collected easily [UN-HABITAT 2006), thus in
theory a building with a roof area of 100 sg.m could
collect up to 200 cu.m of rainwater per year, adequate
for a family of five with a water demand of about 170
cu.m per year. But it is not practical to store all this
water, thus artificial groundwater recharge to replenish
the aquifers is likely to be one of the best options for the



optimal use of rainwater. If just 10% of the Kathmandu
Valley area was to be used for rainwater harvesting,
128 million cu.m per/year could be recharged. To
implement such a plan, investigation is required to
identify suitable recharge fechniques and locations.

Artificial groundwater recharge in the
Kathmandu Valley

A recent study indicates that the Valley's sub-surface
geology is favourable for assisted recharging of
groundwater. Although several areas have high
groundwater infiltration rates because of favourable
geological formations, natural infiliration is generally
ineffective due fo the sealing of the ground's surface
INGOFUWS,/ UNHABITAT 2008]. Several methods are
currently available for assisted groundwater recharge.
These include recharge trenches and permeable
pavements that promote the percolation of water through
soil strata at shallower depths; and recharge wells that
allow rainwater to seep to greater depths. Figure 2
shows the potential areas for shallow aquifer recharge.
The north and northeastern parts of Kathmandu have
great potential [Shrestha 2001) for deep aquifers. Past
studies and research recommend dug wells, shallow
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tubewells, and recharge pits to recharge shallow
aquifers. Pond restoration and channelling rainwater
info the ponds also supports the recharging of shallow
groundwater aquifers.

A recent groundwater recharge initiative of UN-Habitat
and the Centre for Infegrated Urban Development (CIUD)
in @ community in Patan resulted in increased flow from
the stone spouts and increased water levels in dug wells
in the area. Rainwater from roofs and surface runoff

from houses, courtyards, and surrounding areas was
collected and channelled to a recharge pit (Figure 3).
With the success of this initiative, UN-Habitat has agreed
fo provide further financial and technical support for
groundwater recharge, in partnership with Lalitpur Sub-
Metropolitan City and Bottlers Nepal Limited, through a
public-private community partnership model.

Time to start harvesting

The water shorfage in the Kathmandu Valley will not
be solved in the near future. It is now time to tap
alternative sources of water. Rainwater harvesting has
been successfully practised in many parts of the world
and was a major source of water in the Kathmandu

Figure 2: Potential recharge zone in the Kathmandu Valley showing the infiliration rate during the monsoon season
(NGOFUWS/UN-HABITAT 2008)
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Figure 3: Cross-section of recharge pit for shallow groundwater recharge in Lalitpur
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Valley before the infroduction of the piped supply
system. The abundance of rainwater in the Valley means
that modern techniques of rainwater collection have
enormous pofential to fulfil the unmet water demand.
However, storing rainwater in large reserve tanks is not
always practical or economic for individual households.
The introduction and wider implementation of arfificial
groundwater recharge could be one of the best options
for storing and conserving rainwater.
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Sponge Cities: What is it all about?
January 20, 2016/

The 34 hectares urban storm water park in the city of Harbin in northern
China is an example of successful Sponge City intervention. The storm water
park provides multiple ecosystems services: it collects, cleanses and stores
storm water and lets it infiltrate it into the aquifers. At the same time it
protects and recovers the native natural habitats and provides an
aesthetically appealing public space for recreational use.

Sponge City. Yet another term on the growing list next to regenerative, sustainable,
green, eco, resilient, low-impact, future proofing, zero-carbon, and the list goes on.
Strange as it may sound, this term has actually gained a huge amount of support,
especially in China. In fact, the Chinese government has already chosen 16 pilot
cities and allocated to each of them between 400 and 600 million yuan for the
implementation of innovative water management strategies that would gradually
transform these cities into “Sponge Cities”.

What are the key issues the Sponge City wants to solve?

Before explaining in more detail what a Sponge City actually is, it is important to
appreciate the main issues that the Sponge City intends to tackle. These are mainly
four:

e Less water available in urban and peri-urban areas. First of all, a key question we
need to answer to explain this issue is: Where do we get the water that comes out of
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our taps? Many times it is actually coming from aquifers underneath our feet. As it
rain, water is absorbed by the ground and naturally filtered by the soil. We can

then extract this water by drilling wells into the ground and pumping water out of it.
The water is then collected and treated before is distributed across the city and can
reach every tap in each of our houses and offices. The problem is that extensive
urbanization and urban sprawling led to the formation of thousands of square
kilometres of impermeable areas made up of impervious roads, pavements, roofs
and parking lots that do not allow water to be absorbed into the ground but that
simply collect the rainwater through the urban drainage infrastructure and channel it
into rivers, lakes or into the sea. This traditional type of design led to the creation

of cities which are increasingly impermeable and have an increasingly greater
impact on the natural water cycle. In practise this means that since less rain water is
allowed to filter through the urban solil, less water is available to be extracted from
aquifers in urban and peri-urban areas.

e Polluted water discharged into rivers or the sea. Another key issues is related to
the fact that rain water and wastewater (namely water from our sinks and toilets) is
collected by one single drainage system. This drainage system (imagine one big
pipe) collects all the rain water (when it rains) and the wastewater from our houses
and directs it to a wastewater treatment plant where it gets treated before it is
discharged again into rivers or the sea. When it rains, many times the wastewater
treatment plant cannot accommodate all the water that the drainage systems carries.
Therefore much of the rain water mixed with the wastewater is discharged untreated
into rivers. The more impermeable the city is, the more water will be mixed with
wastewater and will not be able to be treated but discharged directly into rivers. This
increases the level of pollution of local water bodies.

e Degradation of urban ecosystems and green areas due to sprawling. This led to a
considerable loss of urban biodiversity, a drop in available green areas for natural
ground filtration of storm water, a decrease in CO2 capture by plants, fewer spaces
for natural cooling through urban green microclimates and generally less liveable,
healthy, comfortable and attractive public spaces.

e Increase in the intensity and frequency of urban flooding particularly considering
predicted increase in extreme weather events due to climate change. As the
absorbing capacity of the urban surface is decreased, storm flooding risk is
increased. Flooding leads to increased groundwater pollution and has considerable
impact in terms of damage to properties and health related issues.

What is a Sponge City?

The Sponge City indicates a particular type of city that does not act like an

impermeable system not allowing any water to filter through the ground, but, more like a
sponge, actually absorbs the rain water, which is then naturally filtered by the soil and
allowed to reach into the urban aquifers. This allows for the extraction of water from the
ground through urban or peri-urban wells. This water can be easily treated and used for
the city water supply.

What does a Sponge City need in practise?
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A sponge cities needs to be abundant with spaces that allow water to seep through
them. Instead of only impermeable concrete and asphalt, the city needs more:

« Contiguous open green spaces, interconnected waterways, channels and ponds
across neighbourhoods that can naturally detain and filter water as well as foster
urban ecosystems, boost bio-diversity and create cultural and recreational
opportunities.
o Green roofs that can retain rainwater and naturally filters it before it is recycled or
released into the ground.
e Porous design interventions across the city, including construction of bio-swales
and bio-retention systems to detain run-off and allow for groundwater infiltration;
porous roads and pavements that can safely accommodate car and pedestrian traffic
while allowing water to be absorbed, permeate and recharge groundwater; drainage
systems that allow trickling of water into the ground or that direct storm water run-off
into green spaces for natural absorption
e Water savings and recycling, including extending water recycling particularly of
grey water at the building block level, incentivizing consumers to save water through
increased tariffs for increase in consumption, raising awareness campaigns, and
improved smart monitoring systems to identify leakages and inefficient use of water.
What are the benefits of a Sponge City?

There is wide range of benefits associated with the implementation of sponge cities.
These include:

e More clean water for the city. Replenished groundwater and thus greater
accessibility to water resources for cities. This also entails greater water self-
sufficiency which allows cities to increasingly rely on water sources from within their
boundaries

e Cleaner groundwater due to the increase volume of naturally filtered storm water.
This means lower environmental and health costs due to considerable decrease in
water pollution

e Reduction in flood risk as the city offers more permeable spaces for the natural
retention and percolation of water. This leads to better resilience and in particular
greater ability to deal with higher flood risks resulting from climate change

e Lower burdens on drainage systems, water treatment plant, artificial channels and
natural streams. This also entails lower costs for drainage and treatment
infrastructure

e Greener, healthier, more enjoyable urban spaces. Greener urban spaces improve
quality of life, create more pleasant landscape aesthetics and recreational areas that
are enjoyable and attract people. This also means increase in land value due to
aesthetically more pleasing, cleaner and healthier open spaces close to private
properties

e Enriched biodiversity around green open spaces, wetlands, urban gardens and
green rooftops
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Sponge city
From Wikipedia, the free encyclopedia

A sponge city is a new urban construction model for flood management, strengthening
ecological infrastructure and drainage systems, proposed by Chinese researchers in
2014.u2 |t can alleviate the city's waterlogging, water resources shortage, and urban
heat island effect and improve the ecological environment and biodiversity by absorbing
and capturing rain water and utilizing it to reduce floods. Rain water harvested can be
repurposed for irrigation and for home use. It is a form of a sustainable drainage
system on an urban scale.

China has been noted for its effort in adopting the Sponge City initiative. In 2015, China
was reported to have initiated a pilot initiative in 16 districts.= s This initiative presents
an alternative to solve Asia's flood problems. China seeks to curb its flood with the
initiative. The country plans for 80 percent of its urban cities to harvest and reuse 70
percent of rainwater. Building sponge cities requires huge investments, but has a lot of
benefits. Funding sponge cities has been a challenge. s

r
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Backgroundedit

People biking through a waterlogged pavement in Foshan

City infrastructure construction accelerates alongside the urbanization process, but
excessive utilization and water resources development lead to water shortages,
pollution, and overall degradation of water ecosystem services. Unscientific architectural
planning will also create a large number of buildings, thereby limiting cities' green
space, drainage, and rainwater collection. Consequently, rain discharge cannot meet
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modern cities' requirements, bringing cities lots of problems regarding water ecology
and aquatic environments.s

Meanwhile, high-intensity artificial constructions, such as buildings, roads, and squares,
lead to the lower pad's excessive hardening, changing the original natural foundation
and hydrological characteristics. Because of this, surface flow increases from 10% to
60%, while infiltration is drastically reduced, even to zero.2 According to a waterlogging
investigation that the Ministry of Housing and Urban-Rural Development conducted in
2010, 62% of 351 cities across the country faced waterlogging between 2008 and 2010;
137 cities suffered waterlogging more than three times during this time period. This
frequent urban waterlogging makes more and more people recognize the importance of
water ecosystems and urban ecological infrastructure. The simple concept of fast
discharge, a traditional gray water management model, is no longer helpful in
addressing the rainwater dilemma during rapid urbanization. To cope with such
prominent urban water issues, China is increasingly attaching importance to urban flood
management and water ecological-system services and vigorously promoting the idea
of Sponge City.

Policyiedit

In terms of policy and management, on December 12, 2013, Present Xi Jinping put
forward in his speech at the Urbanization Work Conference, 'When upgrading the urban
drainage system, priority should be given to retaining limited rainwater and using the
power of nature to drain water. Build a sponge city with natural accumulation, natural
penetration, and natural purification."

To this end, in October 2014, the Ministry of Housing and Urban-Rural Development
issued 'Technical Guidelines for Sponge City Construction,’ emphasizing the importance
of the top-level design of urban rainwater management, as well as planning to guide
urban construction with ecological priority as the basic principle.

In August 2015, the 'Sponge City Construction Performance Evaluation Method' clarified
requirements for the use of central fiscal funds and provided guidelines for the
construction effectiveness of pilot demonstration cities. According to the guidelines and
related standards and specifications, the China Building Standard Design and Research
Institute has initially established a 'sponge city construction standard design system,'
including newly built, expanded, and rebuilt sponge buildings and communities, roads
and squares, parks, green spaces, and urban water systems.

The General Office of the State Council Guideline to promote building sponge cities
(Guobanfa [2015] No. 75) pointed out that the construction of sponge cities occurs
through strengthening the management of urban planning and construction, giving full
play to the impact of buildings, roads, green spaces, and water systems on rainwater.
Under the guideline, cities in China will collect and utilize 70 percent of the rainwater,
with 20 percent of urban areas meeting the target by 2020, and the proportion will
increase to 80 percent by 2030.1w

In 2015 and 2016, pilot projects for sponge cities were organized with the support of
national policies. Sixteen cities, including Zhenjiang, Jiaxing, and Xiamen, were
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selected as the first batch of pilot cities, and 14 cities, including Shenzhen, Shanghai,
Tianjin, and Beijing, were selected as the second batch of pilot cities to carry out the
construction of sponge cities in an orderly manner. In addition, the Central Ministry of
Finance has introduced a public-private partnership (PPP) model to increase financial
policy support.

Designing for Sponge Citiesedit]

The theory of Sponge City emphasizes the basic principles of 'focusing on nature,’
'source control,' ‘local adaption,’ protecting nature, learning from nature, preserving
urban ecological space as much as possible, restoring biodiversity, and creating a
beautiful landscape environment. All of this can be realized by achieving natural
accumulation, natural infiltration, and natural purification. The infiltration effects of the
natural ecological background (such as topography and landforms), the purification
effect of vegetation and wetlands on water quality, and the combination of natural and
artificial means allow the city to absorb and release rainwater. Urban green spaces and
urban water bodies—constructed wetlands, rain gardens, roof greening, recessed green
spaces, grass ditches, and ecological parks—are the central "sponge bodies.":2

There are three main facets to developing such systems: protecting the original urban
ecosystem, ecological restoration, and low-impact development.

e Protection focuses on the city's original ecologically sensitive areas, such as rivers,
lakes, and ditches. Natural vegetation, soil, and microorganisms are used to
gradually treat the aquatic environment and restore the damaged urban ecosystem.

o Restoration measures include identifying ecological patches, constructing ecological
corridors, strengthening the connections between the patches, forming a network,
and delineating the blue and green lines to restore the aquatic ecological
environment.

e Mandatory measures apply to urban roads, urban green spaces, urban water
systems, residential areas, and specific buildings to protect ecological patches,
maintain their storage capacity, strengthen source control, and form ecological
sponges of different scales.k=

These processes are implemented in the sponge city design and to the transformation
of urban planning areas at different levels, including urban master planning, special
planning, and detailed regulatory planning.

Advantagesiedit

e Improves overall water quality

o Rainwater is captured and can be reused
e Reduces chance of flooding

e Reduces the railway problems

¢ Reduces urban heat island intensity.z
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See alsojedit]

o Green infrastructure for stormwater management/Low-impact development (North

America)
e Nature-based solutions (European Union)

o Water-sensitive urban design (Australia)
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views of the European Union.
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TSP : g §& &I TN TGIePA @Tel deadl /3 (A Goo I GRF ORB RPN
T T ST AGTE S1add U afid Qe aw

q |®ee AN Amaranths (Tender) | cy.s | 4 | oy €9 4y T3 | Yy | Y4Ro | 003 0.3 R
3 | gfe Ash Gourd ReY | o4 | o4 3.2 90 o | oz o 0.0% 0.09 q
3 | fcever Bitter Gourd %24 | 98 | oX 4.3 Y 9o 9z | 138 | c.ou 0.0% <
v | B Bottle Gourd Req | 6% | o9 Y 9% 90 0.8 o 003 0.09 o
Yy | wroer Brinjal %39 | 94 | o3 K e 49 08 ©y 0.04 099 93
& |9gcal Broad Bean cyd | 4y | o9 93 4c &4 9.4 Q 00T 9
¢ |SN® wmse | Brussels sprouts Ty | Y9 | oy ©q Y3 o 92 | 9Re | ooy 09¢& el
T |g=1 (abbage ?9% | 9c | o9 A e o | 9300 | 0.0% 0.0% 9%
Q |TSR (arrot e | 0% | 03X 903 4c 430 Y | 9cRo | o.0¥ 0.0% 3
90 | HIS! Cauliflower foc | W& | o¥ 4 30 Yo 9y %0 0.0% 09 ye
99 | SERE Chayote %%y | 09 | 04 Yo el 30 0 o o 0.0% 4
93 |g@®! @i | Chilli dry Qo | 9¥e | &% | 398 | W& | 3o | I | Y | 033 043 Yo
93 | gRar =@t | Chilli green cye | 3% | o% 3 ER co 13 | qey | o8 0.3% 19
94 | Bl Cucumber °e.3 | 0¥ | 0o Y 93 QY 9.4 o 0.03 0 9
qy | Cowpea cy3 | 3y | oR X ¥c ye Yy | ye¥ | oo 0.0% 9%
qe |frerg T |Colocasiacorms | w29 | @ | o9 | 399 Q9 0 | 9 | Y | 00% 003 o
qe | REl Dolichus Bean c&q | 3¢ | ou &9 4c &C ¢ | qce 09 0.05 Q
qc |Wefl U Fenugreekleaves | <43 | 3y | o cq 4z 4% Y yes | o.0w 0.0% 9%
92 | welt g Fenugreek seeds 939 | 63| Yc 49 333 390 | 949 R& 034 0% o
Qo | BT gE@r | GarlicDry & | &3 | o9 . 9%y Mo | 93 o 0.0% 033 932
29 e Leeks vt | 92 | o9 99.3 o) o 3 9c 003 99
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Lettuce
CERRE LS Okra c?& | 9% | o3 € 3y ye 9.y Y3 0.09 090 93
4 |@gret A | Onion Bulb ce& | 93 | 049 999 Yo Yo 0 o 00T 009 99
Y | QN Td Onion Green cu& | 0% | oX cR %9 9.y 4oy o 0.09 qe
€ |WeX NS | Peas cec | 39 | ov 9 4 9o 9y | 43 | o0& 0.03 93
Q9 | IRE® Pointed Gourd °3 3 0.3 R %o 40 99 | 943 | ooy 0.0% £
YT |3y Potato wie | 98 | 04 WwE QY 40 09 EY4 X 009 99
3% |9 ga Radish White ¥4 | 0w | 019 3¥ qe R 04 3 0.0% 0.0% 9y
30 M@ g Radish Pink joT | 0% | 03 €c 3% 20 0.4 3 0.0% 0.0% e
39 | fpe Ridge Gourd qy3 | oY | o9 ERY {C & oYy 33 0.09 Y
3R | TP Spinach °9 | R 0.9 RS € 9 40% | Y4yco | .03 0% <c
33 | oo Sponge Gourd R3[| 9% | o 2% i 2 99 | %0 | oo% 0.0% o
34 |gal Sweet Potato oy | 9% | o3 El= 90 Yo 0T & 0.0T 0.0% £
3y | ModsT sRAT | Tomato Green ?39 | 92 | o9 3% CE 3% T | 9%% | oov 0.09 39
3¢ | M@er vt | Tomato Red %4 | 0% | oX 38 0 o4 | 349 | 093 0.0% 38
29 | goTH Turnip ?9% | oY | o o R 40 o4 o 0.0%4 0.0%4 %3
3T | TWRYSl Water Melon RY3 | 03 | oR 33 & 93 UAS o 0.0% 0o0¥ q
3% | S Winter Squash %%& | 974 | 09 18 Y 30 0. Yo | 0.0% 0.0% 2
Th qT RGOS AGR Q- JaRh | 4o | &Y 300 | 000 | 9 9z |4oo0 U] 9y 1.9 40

Ae: 9. IROEE R vl WY 7@ (FoM) & RS |
2 Rpd IR, G FHH! 6 ARG WEl T@d! AN R AR TV |

Sources:  Principles of Vegetable Production; http://www.bcm.edu/cnrc/consumer/archives/percentDV.htm; http://www.unc.edu/
~rowlett/units/scales/dailyvalues.htm
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https://www.iberdrola.com/sustainability/green-corridor

GREEN CORRIDOR

Green corridors, how to take care of
the environment In cities?

#environmental sustainability #society #climate change

Cities are increasingly committed to sustainability, and urban green corridors
play an important role in this process. Briefly, this refers to a strip with a
significant presence of vegetation that links outstanding natural areas of the
city. In addition, they bring numerous advantages: increasing and protecting
biodiversity, mitigating the heat island effect, reducing air and noise
pollution, etc.

Carousel of images and videos
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Green corridors have proven useful in reducing air pollution in cities.

According to UN data, 55 % of the world's population now lives in cities. In three decades, by

2050, this percentage will be 68 %, that is, around 6.6 billion people will live in urban
environments, many of them megacities, with a consequent increase in air pollution, one of the
main causes of climate change.

Given such evidence, making cities increasingly more efficient, but also more liveable and
sustainable, is key for the planet. It is no coincidence that the development sustainable cities is

one of the Sustainable Development Goals promoted by the UN, specifically SDG 11. In this

context, green corridors — also called ecological corridors —, along with other sustainable
infrastructure, have much to contribute.

WHAT IS A GREEN CORRIDOR AND WHAT IS IT FOR
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According to Jack Ahern, one of the pioneers of the international green corridor

movement, they are planned or unplanned linear landscape elements that allow multiple
ecological, social, cultural and other uses compatible with sustainable land use. Ahern's work
raises the possibility that components of the natural landscape, such as natural watercourses or
disused railway tracks, among others, could be transformed into corridors through restoration or
construction processes.

Whatever the starting point, the objective of a green corridor is always to link important natural
areas in a city by means of a strip or corridor characterised by rich vegetation. In this way, a
kind of skeleton is created, capable of creating greener and healthier cities. Within this
framework, recreational areas, cultural spaces, sports facilities and urban gardens can be
developed.

CHARACTERISTICS OF A GREEN CORRIDOR

When developing a green corridor it is essential to take into account factors such as the
availability of space, the characteristics of the urban environment itself and even accessibility for
people. Although there are probably no two in the world alike, most of them

have similar characteristics:

They are multipurpose and multifunctional, that is to say, environmental, sports,
cultural, recreational, aesthetic, etc. uses can be combined in the same space.

They are oriented towards sustainable development, while both
protecting biodiversity and promoting socio-economic aspects.

Given their linear configuration, they favour movement, flow and exchange, in addition
to connecting landscape elements of different scales.

They represent a different spatial strategy, aligned with the New Urban
Agenda proposed by the UN as long agoa as 2016.
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A Smart Green Corridor
People - Planet - Benefits

Innowative and efficient techneoiogies, practices, designs and development come together in a
smart green cotrider to drive job creation, enhance water and soil resources, and increase
community and economic value.

Wildlife corridor

They facilitate the movement
of wildlife by connecting
fragmented habitats, which
improves population stability
and biodiversity.

Protection of

water sources

Protecting drinking water from
contamination reduces
treatment costs and public
health risks.

Drinking water treatment
Drinking water companies use
the latest technology to
protect their sources, reduce
losses and save energy.

Wetland restoration
Removing sediment
contaminated and restoring
wetlands can dramaticaily
improve water quality.

Waste water treatment
Waste water companies
recover nutrients and energy
while producing

reclaimed water.

From manure to energy
Manure from farms can be
used to produce energy and
reduce the amount of waste
to be managed.

Biochar

Used in ponds, can absorb
pollutants, including pesticides
and fertilisers.

Precision agriculture
Information and
communication technologies
(ICT) are enabling more
controlled agricultural
practices.

Green space

Provide recreational
opportunities and enhance the
beauty and environmental
quality of neighbourhoods.

Bioretention and

green streets

Green infrastructure reduces
and treats storm water at its
source, while providing
benefits to the community.

Smart storm water ponds
Respond to weather
conditions, have greater
storage capacity and better
protect water quality.



A smart green corridor.

Y

SEE INFOGRAPHIC: A smart green corridor [PDF]External link, opens in new window.

BENEFITS OF GREEN CORRIDORS

If we focus on the environment, their most important benefits include:
« Increased biodiversity by having more green areas in the urban environment.
« Promotion of non-polluting mobility: bicycles or scooters, for example.
e Reduced air pollution and noise pollution in the city.
o Helping prevent heat islands from forming, effectively lowering the temperature.
o Contributing to a better storm water management, i.e. rainwater.

One of the most important aspects of green corridors is that, in addition to the environmental
benefits already mentioned, they also generate social, cultural and economic benefits. For
example: they improve people's quality of life by promoting physical activity and mental
relaxation, they boost the cultural scene with open-air auditoriums or buildings dedicated to
exhibitions and, in many cases, they are a tourist attraction that has a positive impact on the city's
economy.

EXAMPLES OF GREEN CORRIDORS

Below, we travel the world to visit some of the most innovative green corridors:

Manhattan Waterfront Greenway (New York)

Itis a 51.4-kilometre-long corridor around the island of Manhattan. Filled with flowers, trees,
shrubs, walking paths and bicycle lanes, according to the city's mayor, Bill de Blasio, it has
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greatly improved the quality of life for New Yorkers. It currently has three distinct parts: Hudson
River, East River and Harlem River.

Cuernavaca Railway Linear Park (Mexico City)

This corridor combines practical and aesthetic aspects along 4.5 kilometres of a disused historic
railway line. It occupies more than 17,000 m2 and contributes, according to city authorities, to
promoting the essential balance between economic and social development, and

between heritage preservation and transformational potential, in addition to promoting
sustainability.

Carousel of images and videos

Cuernavaca Railway Linear Park (Mexico City).

. U

Go to first slide of the carousel
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Madrid Rio (Madrid)

It is a long corridor as a result of the underground routing of the M-30 (ring road) as it passes
through the area of the Manzanares River. It stretches for several kilometres, from El Pardo to
Getafe, and by the end of its construction in 2011, 33,623 trees had been planted. In addition, it
served to add a lung like the Casa de Campo to the city centre and improve the biodiversity of
the area.

Cheonggyecheon (Seoul)

A motorway overpass above a water canal in one of the most central areas of the South Korean
capital was demolished because of the enormous amount of emissions and noise it generated. In
its place, a huge linear park covering more than 400 hectares was built, which, among other
benefits, managed to lower the average temperature in the area by 3.6 °C.
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Pretest

Please provide short answers the questions given below:

1. What do you understand by Green Homes?

2. What are the components included in Green Homes?

3. Do you know:

a. Passive Solar Design? Yes/No.
b. Sponge City? Yes/No
c. Compressed Stabilized Earth Block (CSEB) Yes/No
d. Green Corridors Yes/No

30%



4. Do you have Green Homes in your municipality? If yes how many (please guess)

5. Does your municipality promote Green Homes? If yes how?

6. Do you think Green Homes is viable in your municipality? Yes/No? Why?

7. Are the majority of political representatives familiar with Green Homes? Yes/No

8. Do you have programmes to promote green components in your municipality?

a.

b.

9. What will be benefits of Green Homes to:

a.

b.

Rain water harvesting

Passive solar design support
Energy efficient housing
Rooftop farming

Greenery and park development

3R- waste reduce-reuse-recycle

House owners?

Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No

Municipality?

10. If you have specific expectation from this training please mention below:
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