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The residential sector guidelines under NMHS are consciously prepared for the sustainable
urban development of Uttarakhand. The design, construction, and operation of residential
buildings in these cold regions must resist heat loss and promote heat gain to enhance indoor
thermal comfort while optimizing energy use. The guidelines, therefore, have been developed
to intervene in the architectural features of the buildings, building operation, on-site renewable
energy generation, and behavioral changes.

Designed to be adopted in a simple-to-apply format, these guidelines only require a simple
analysis based on the designers/architects/engineers’ inputs.
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Optimise Building’s Heating Demand through
Climate-Responsive Building Design

Building Orientation

A rectangular house with a longer side facing South direction and shorter sides facing
East and West direction is the most efficient.

In winter, south orientation allows low-angle winter sunlight (winter solstice) into the

building through the south-facing windows, increasing solar heat gain inside homes as
shown in Figure 1.

This orientation also benefits homes in summer by minimizing solar radiation from the

east and west directions and cutting direct solar radiation of south-facing windows with
moderate shading on windows.

A south-facing building with fenestrations predominantly facing south orientation can:

» Reduce annual heating energy demand by 16-21% (compared to a north-facing building)
» Ensure savings in the electricity bill between Rs. 2244-3186 annually.
> Provide carbon saving potential of 300-400 kg CO, eq. annually.

Summer Sun

Winter Sun

N = E

w

Figure 1: Ideal orientation for best thermal performance of the building depending on the site

conditions.
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Building Aspect Ratio

An aspect ratio of the building plan of 3: 1 with the longer side facing south direction is
recommended.

Choosing the right building geometry has a significant effect on how much energy a house
would consume, making it a significant step in designing energy-efficient and thermally
comfortable homes.

The aspect ratio of a building's length to its width (x:y) impacts heat transfer in a building. The
aspect ratio of a building is dependent on the plot size and site contour and the architects'/
designers' need to innovate and design to make the best use of these strategies while
designing homes.

Figure 2 shows the different aspect ratios of a building in the east-west direction.

North
A
1.4 1:2 1:3 4:1 2:1 1:1 31
_x—
Aspect Ratio: —— X =
|
y
< — ‘ >
West | I II III III East

South

Figure 2: Thermal performance of the building plans with similar area in different
aspect ratios. Cardinal directions are mentioned for reference.
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iii. Window-to-Wall Ratio

A window-to-wall ratio of 30% where maximum windows lie on the southern face of the
building would capture more solar heat into it.

Walls and windows define a building’s perimeter that separates the inside from the outside.

Winter daylight and solar radiation can be easily brought into the house by placing large
windows on south-facing walls.

A window-to-wall ratio (WWR) is a measure of the amount of window area on a building
compared to the total exterior wall area. Figure 3 shows how different WWRs affect the
window size and thermal performance of buildings.

Total Glazing area (m?)
WWR(%) =

Total Gross exterior wall area (m?)

South-facing windows with 30% WWR can:

» Reduce annual Heating energy demand by 3-6% (compared to a 10% WWR)
» Ensure savings in the electricity bill between Rs.300-600 annually.
» Provide carbon saving potential of 75-78 kg CO2 eq. annually.

WWR 10% WWR 20% WWR 30%

Figure 3: WWR-wise performance improvement of South facing walls of buildings.
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iv. Glazing Types

Double-glazed windows help in reducing heat loss to the exterior environment.

Glass is a popular material for windows as it allows natural light, facilitates outside view,
and enhances visual comfort. However, it can also result in heat loss at night. To address
the issue, double, or triple-glazed windows are available which have insulating properties
that improve energy efficiency.

As shown in Figure 4, double-glazed windows consist of two glass panels with an air gap
between them. The air gap acts as an insulating layer. It can be filled with inert gas to

further improve insulation, which is an expensive option. Triple glazing will further improve
performance.

Another efficient glazing could be Low-Emmisivity (Low-E) glass, which can reflect the heat
back into the exterior space reducing heat transfer.

Single glazing Window Double glazing Window
6mm clear
it iz float glass
float glass

12 mm
air gap

Figure 4: Building performance improvement with respect to glazing types.
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v. Infiltration

The indoor temperature and heating energy demand can be optimized by sealing leaks and
infiltrations through doors and windows in the house.

Infiltration or air leakage is uncontrolled ventilation whereby air seeps into homes from
outside through construction gaps, ventilators, closed doors and window spacing/cracks.
The rate of air infiltration into a building is often expressed as air changes per hour (ACH).
ACH is the number of total replacements of a room's air in one hour.

As shown in Figure 5, Infiltration in houses can be minimized through weather stripping of
doors and windows( eg. Foam, Gasket, Seal tape/strip) and sealing cracks and construction
joints using silicon-based sealants.

Limiting infiltration can:

» Reduce heating energy demand by 11-14% annually.
» Ensure savings in the electricity bill between Rs. 1500-1800 annually.
> Provide carbon saving potential of 197-245 kg CO, eq. annually.

Weatherstripping between Weatherstripping gasket
window frame & panels between glass & window
casing
- 1 1 . L I | !
O — il RS \—) LT ~

| Rubber beading

Rubber weatherstrip for ! for glass

frame (Foam, Gasket,
Seal tape/strip)

Figure 5: Schematic of weather stripping of windows



&1 1 3feffud fewrm
T & oo Rama Fi F0 e W & 3igy F araHE Fi fafad o s awar 2 |

a1 @1 Rame srafed dfcew g Sl asTe § aTeg i $€i gal, dficeie, 9 gears! 3iR sl @l ¥kl &
A T A w11 A R @ | T 3ARd H gar i Rdra ufd bet TR 31 e & €9 § e fohar St g | TR
ST ¥E U U H AR i gl & Pt ViAeTa Sl GE g |

St et o 5 7 fomman 7 8, W)i H gar @l a7 J1eadi @ fondn ST gend g
geaTs ofiX feefrdl it de feeddin (W, fighe, Ue 2u/fey ) 3k

faferent smaTRa ieley 1 IUTNT Tk geR AR AT Siiet ot diet e |

T & S REa A FAFA A :

> A9 Sl St HAT N FIEAT 11-14% 6 &R |

> T 1500-1800 T4 & 9 forsielt foet # a=a gifHa L |

> FIE 197-245 fe1 CO | eq o whie sreid gl WG &< |

R & A TR I i 3R ARt HRT
% 9 aex feefim % dre # g feefi fiedhe

i & forg TR aife

ot 5: fereferat & wew fefim &t diemr



vi.

Wall Construction

AAC block wall with the insulation gives good thermal performance in cold climates.

One of the best ways to attain thermal comfort indoors is by deploying the right combination
of materials for building envelope construction. Reducing thermal conductivity of the wall
assemblies helps prevent heat loss during winters. Walling materials with low thermal
transmittance (U) values perform well thermally.

Figure 6 shows the different wall assemblies and their thermal performance used in the
houses in the Uttarakhand region. It also shows how U-value of the wall changes with
change in the materials.

A wall assembled of AAC with insulation can:

» Reduce heating energy demand by 5-6% annually (over a brick-cement wall).
» Ensure savings in the electricity bill between Rs. 800-1100 annually.
> Provide carbon saving potential of 108-150 kg CO, eq. annually.

As shown in table given below, there are few alternative wall assembly types which can
be made through locally sourced materials.

Wall Type Thickness Wall section U-value

(W/mZK)
Rat-trap bond wall 230 mm thick burnt clay brick + 12 mm thick 167
interior and exterior plaster

Compressed 230 mm thick compressed stabilized earth 1.59
Stabilized Earth block block + 13-15 mm thick mud mortar 230

wall

Stabilized adobe 230 mm thick stabilized adobe block + 13- 15

15 mm thick mud mortar 230




Fly Ash Wall Brick Wall Random Rubble Masonry

(U-value: 2.3 W/m?K) (U-value: 2.1 W/m2K) (U-value: 1.6 W/m2K)
In
225mm 230mm 450mm 12.5mm
12mm  Fly Ash  12mm  12mm red 12mm rubble gypsum
cement Brick cement cement burnt cement masonry board
plaster plaster plaster  brick plaster
Brick + Insulation AAC Wall AAC + Insulation
(U-value: 0.7 W/m2K) (U-value: 0.5 W/m?2K) (U-value: 0.34 W/m2K)
Out
230mm 200mm 200mm
125mm  25mm  red 12mm 12mm AAC 12mm  12.5mm 25mm  AAC 12mm
gypsum insulation burnt cement cement block cement gypsum insulation block  cement
board brick plaster  plaster plaster  board plaster

Figure 6: Thermal performance of building with different wall assembly types.
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vii. Roof Construction

Providing insulation in exposed roofs is highly effective in reducing heat loss from homes
through roofs.

Thermal insulation of the roof is critical for reducing heat loss. Insulation increases the
thermal resistance of the roof by insulating it and makes the house energy efficient. Types
of insulation that can be used are XPS, Polyurethane, Wood cladding and Glass wool. Brick
bat coba is also a traditional method of waterproofing and thermal insulation. Figure 7
shows how insulation can be added to the roof.

A roof assembled of RCC slab with insulation can:

» Reduce heating energy demand by 11-13% annually (over an RCC roof building).
» Ensure savings in the electricity bill between Rs. 1300-2000 annually.
> Provide carbon saving potential of 180-250 kg CO, eq. annually.

RCC concrete roof slab (U-value: 3.1 W/mZ3K)

Out 5 mm Cement Plaster

25 mm Cement Mortar

\ < A A
-<::::>>‘ - 7 125 mm RCC Slab

12 mm Cement Plaster

RCC concrete roof slab with insulation
(U-value: 0.84 W/m?3K)

5 mm Cement Plaster
Out

25 mm Cement Mortar

BN 75 mm Brick Bat Coba

25 mm Insulation

% 4 < A A J
S - ———~ | 125 mm RCC Slab
v N -

NS A

In 12 mm Cement Plaster

Figure 7: Thermal performance of building with roof assembly types.
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viii.Incremental Impact of recommended building design

There is an incremental impact on heating demand and monetary and operational carbon-
saving potential If one opts for the right choice of building orientation, WWR, glazing types,
infiltration, wall construction and roof construction.

Figure 8 shows the incremental impact of recommended building design on energy
consumption. The potential savings on electricity bills can cover the upfront costs of
implementing energy conservation measures after a certain time period.

The right choice of building orientation, WWR, glazing types, infiltration, wall, and roof
construction adopted during the design phase of the building can:

» Reduce heating energy demand by 44% annually.
» Ensure savings in the electricity bill of approximately Rs. 7000 annually.
» Provide carbon saving potential of 1169 kg CO2 eq. annually.

3 Changing the glazing type:
From single glazing to double
glazing unit
Insulating the Roof:
From RCC roof to RCC
insulation inside

| 264%  ~515KgCO, ~I3500 |

| 42%  ~924KgCO, ~X5500

2 Increasing the WWR
From 10% to 30%

 26%  ~505KgCO, ~33500

Improving the Infiltration 5
From1.5to 0.5
Air change per hour

1 Changing the orientaton ...

From North facing to ~ 44%  ~1169KgCO, ~X7000 |
South facing e i ¥

© 217%  ~427KgCO, ~X3000

. Cumulative heating energy demand reduction in %

[ Cumulative Emission saving potential in kgCO,

| Cumulative saving potential on electricity bill in T

Figure 8: Incremental Heating Energy Demand Reduction and monetary and carbon saving
potential of recommended building design



viii. ST 7V 3al f3513el o1 gfgeilet waima
fafe SiiRueer, sxgesga, TfeHT W, ga1 & REa , &R &k o % fAnio & ad fadey @ g
femie, UG 7R e So & W gigRie wema |

o 8 it ot WU WX SRITAG 79 fesiea & gigRiter TTa ot gRiTe & | fastelt o faet w genfad soa
T AfSd oo 31afe & a1g ot SReyoT SUTA ol eAl] el IO AT o AT R e ¢ |

fafean Sfgesm, ssgesgarr, TafenT Y@K, ga1 & REm , §lar iR oa & fmtor & gg e ;
> A9 Sl St AT S FIAHT 44% HH X |

> G AT 7000 T9 & ferstett foet # o ifea & |

> T 1169 fFm CO2 eq &t &l S9d &l UG &% |

3 TAfNT & TR I 9ge:

et TAfST i STE see
TASRT T ST
T R YA T :
| 264% ~515KgCO, ~33500 | SR & il ST ¢
‘ ‘ : ‘ STREE EgeIRH areft S
2 ﬁ@—g\—iﬁﬁ Stqard (WWR) i i /i |
e | 42%  ~924KgCO, ~%5500
10% © 30%
 26%  ~505KgCO, ~¥3500 &4 o e e 2
1.5 9 0.5 TR IS e
1 fafer e @i aga:
IR gEt § fgor gt it &k | 44%  ~1M69KgCO, ~X7000 |
| 217%  ~427KgCO, ~33000 |
oo g s e # fivrae wfiRr % #
" kgCO, H e Fore YR H ot AT et G
"""" | T fosTelt faet & s < gumann

e 8: gfgiier ara St #im & e, Tt ofiR Fre s g [



Reduce Home’s Operational Energy through
Energy Efficient Appliances

Space Heating

Heat pumps are energy-efficient means to heat/cool homes.

Space heating systems are intended to meet the thermal comfort needs of building
occupants. Heat pumps offer an energy-efficient alternative to radiators, blowers, and oil-

filled heaters since they pump out more cool and warm air by volume than the energy they
consume.

How does a heat pump work?

A heat pump works by moving heat energy. In winter, it takes heat from the outside of your

home and transfers it inside the home (even in extremely cold climates). The cycle reverses
in summer.

Fire wood Infrared Radiator

Qil filled Heater Heat Pump

Figure 9: Performance of the different heating methods based on their CO, emission potential.
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Water Heating

Solar water heaters are an efficient form of water heating as it uses solar energy which
is renewable, non-polluting, environment-friendly, and cost-effective.

Heating water is essential on a daily basis in homes in cold climatic conditions. Solar water
heating is the best alternative to the conventional practices of using fuel wood, LPG, and
electric geysers. 80% of the investment made on a solar water heater can be recovered
within one year, through savings in electricity bills.

A family of four can save approximately 11500 Rupees annually in electricity bills, by
installing solar water heaters instead of electric geysers.

(Assumption: 3-star rated geyser running for 2 hours each day at the Electricity rate of 8
Rupees per unit)

Fire wood LPG

Electric Geyser Solar Water Heater

Figure 10: Different water heating methods based on their potential for CO, emissions.

1. https://solarthermalworld.org/news/india-uttarakhand-state-increases-solar-water-heater-rebate/
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iii. Energy Efficient Appliances

Use of 4 to 5-star BEE-rated appliances can have significant savings on energy bills.

The Bureau of Energy Efficiency (BEE) has established a rating system to inform consumers
about the energy efficiency of the product that they are purchasing and help them make
informed choices. The indicator is the star label mark on the appliances. The higher number
of stars indicates higher levels of energy efficiency.

Selecting an energy-efficient appliance for your home will save more energy and will help
you save money on your electricity bill, reduce greenhouse gas emissions, and minimize
your overall reliance on fossil fuels and oils.

Figure 11 shows an example of labels issued for a refrigerator by BEE.

3 star 4 star 5 star

Figure 11: Bureau of Energy Efficiency labels indicating energy performance of electric appliances.
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Renewable Energy Integration

Dependency on grid electricity can be reduced by the integration of onsite renewable
energy systems in homes.

Assumption: 1 kWp solar rooftop plant on average would generate 4.1 kWh of electricity per
day, i.e. 1240 kWh annually. (considering 5.5 sunshine hours in Uttarakhand). As shown in
figure 12, the electricity generated can comfortably power a refrigerator, a washing machine,
a LED TV, 3 fans & 5 LED bulbs assuming that not all appliances will work simultaneously.

» Ensure average monthly savings in the electricity bill of Rs. 800 approximately.
(Assuming electricity tariff at Rs 8/unit.)

> Provide carbon saving potential of 25 Tonnes of CO, eq. annually.

Figure 12: Example of renewable energy integration in homes.

Items Quantity  Watt Working hours  Annual kWh
1. LED Bulb 5 9 8 131
2. Refrigerator 190 ltr 5 star 1 48 24 420
3. Washing machine 7 kg 5 star 1 200 1 73
4. Fan 3 50 12 657
5 TV 1 70 8 78

1360
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Figure 12: Example of renewable energy integration in homes.
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Behavioural Interventions to Enhance
Energy Efficiency in Homes

For Home Owners/Occupants:

v

vV vyyYvyy

Use of energy efficient appliances

Maintain a set point temp of heating/ cooling appliances at 26 degrees in summer & 18
degrees in winter.

Climate-appropriate clothing to reduce dependency on space heating or cooling
Switch off and unplug the appliances when not in use.
Do not use multiple heavy plug-load appliances at the same time

Avoid keeping appliances on standby as they consume a significant amount of energy
when in standby or sleep mode.

For Architects and contractors: Recommended Energy
efficient retrofits

>

>
>

Include appropriate shading landscape, for example, planting deciduous trees in the
south

Suggest passive design features to be incorporated into building design.
Recommend construction using local materials by suggesting its benefits.

For Urban Local Body or Electricity Distribution Company:

Encourage the installation of smart meters in homes
Encourage lesser consumption through reward-based schemes

Encourage comparisons of Energy consumption through peer home energy reports to
influence resident behaviour.
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