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Introduction

The Catalogue of Type designs for energy efficient Residential Buildings and
all related data will be made available to the users through a web-based tool.

This web-based platform is a learning tool that will help designers, builders
and promoters of residential buildings to understand the ways of designing
energy efficient buildings.

The tool covers various aspects of energy efficient design for residential
buildings, bringing to the user sample designs with detailed simulations and
identified criteria for measuring the performance of the building.

The focus of the project is to enable the user/ builder/ designer to easily
adopt energy efficiency measures into construction with immediate impact.

With the help of this tool the user will be able to select the most suitable
Energy Efficiency Measures (EEMs) applicable to their building to reach a
desired performance bench mark.
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Objectives

The objective of the proposed assignment is Developing a Catalogue of Replicable
Design options for Energy Efficient Residential Buildings

The building designs will set an example of energy and environmental performance
that goes beyond existing standards.

The project aims to develop a design template for building energy efficient homes,
catering to:

e Various residential types

e Across different house sizes

* In different climatic zones across India

It shall implement energy efficiency through:

* Energy efficient design implementing passive measures

* Selection of Low energy structure and materials

» Selection of efficient mechanical systems for thermal comfort

The stakeholders who can benefit from this project include builders, designers, home
owners, Govt. agencies : Municipalities as well as policy makers.
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Sessions covered in 1st webinar

The team is conducting stakeholder
consultation  through  webinar
sessions.

The 1st webinar took you through
the range of residential building
typologies and sizes of dwelling
units for which the designs have
been developed for all five climatic
zones of India, the logic & methods
of planning and construction of the
proposed design options, the
passive design strategies that were
adopted during the design phase.

‘Replicable’ Type Designs for energy
Efficient Houses

Session 1
Residential typologies
Principles of planning Energy
Efficient buildings

Session 2

Construction Methodology &

materials

Session 3 Energy Performance
Session 4 The Web-tool Package
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m Sessions for this webinar

Session 1 Typical Dwelling Unit Design
Session 2 Energy Performance Simulation
Session 3 Energy Performance Results
Session 4 Exemplary Performance Results
Session 5 Web-tool download-able package
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Typical Dwelling Unit Design

Session 1
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. Type Designs

A catalogue will be developed to visualize and compare building design options
based on energy performance and other selection criteria to enable informed
choices from the proposed design templates.

Standard plot proportions prevalent in various regions are adopted for plotted
development type designs.

The Type Designs being prepared for the different sizes of apartments may be
adopted or adapted for different site conditions.

All detailed energy analysis will be at unit level with potential and general guidelines
for master planning with examples of site plans and building plans.

The Replicable Designs will essentially be layout plans of residences. They will also
show the materials and construction of the elements of the external envelope.
Internal finishes and details are left for the designer/ builder to decide, as these have
no bearing on the energy performance of the designs.
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Design Catalogue

- Plotted

The Design Catalogue will offer a typology & size matrix

Single family

_________________

Low Rise (Building Height <=15m)

Back to back 1BHK 2BHK 3BHK
row house (30sgm) (41sgm) (55sgm)
2 sideopenrow | 1BHK fEB-HF--l 3BHK
house (32sgm) Il (48sqm) || (62/68
L —___JX sqm)
Doubly loaded 1BHK
corridor (30sgm)
Mid/ High Rise (Building Height>15m)
Doubly loaded 1BHK 2BHK 3BHK
corridor (44sgm) (65sgm) (85sgm)
Connected 3BHK 3BHK
Towers (105sgqm) (125sgqm)
Stand-alone 3BHK 3BHK 3.5 BHK 4.5 BHK
Towers (105sgm) (125sgm) (156sgm) | (225sqm)

LG
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A typical 2 side open row house 2 BHK unit has been selected as a case example for this webinar




Site Plan

Access Street

A\,

Main Road

8m high trees

along the Open Space
road edge

N\

Access Street

SITE PLANNING

The building configuration is
such that the staircases/ cores
are aligned to one side of the
block. Thus two parallel blocks
can be aligned on either side of
a street with open spaces
behind them. This pattern leads
to most blocks in a layout
forming streets and linear open
spaces.
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This typology has units stacked side by side to form a linear block
e These are walkup apartments which can be built upto Ground +3 storeys

1,2 & 3 BHK configurations are designed for this typology. Some units are designed as center units
while some are designed as end units with additional openings.

2BHK Interlocking pair 3BHK Interlocking pair
| I |
1bhk unit 2bhk unit 3bhk unit 3bhk Edge unit
TYPE 2 | 1
: sz L M =Ml = i
=) ' [N\ —

A A = A A — .-
| v
; 1 i I = T I
1 - , |/ |/
H ! 2bhk unit | 3bhk unit
l I TYPE 1 TYPE 1
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e This typology has units with longer sides as shared walls and shorter sides open to
external facade for light and ventilation.

| | I
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Session summary:

* Type Designs — underlying principles
* Design Catalogue & Matrix
e Typical Design

* Site layout

* Block layout
e Unit layout

Questions & Feedback
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Energy Performance Simulation

Session 2
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Simulation Methodology

*  The building designs ensure compliance with ENS requirements for a

given climatic zone. Energy simulation is conducted upon the ground Acceptibility |Naturally

floor, middle floor and top floor dwelling. Each layout is assessed for 4 Months Range ventilated
different orientations (0 deg, 90 deg, 180 deg and 270 deg). The January a0% i::;g
modelling methodology is adopted based on Residential building Energy cebrusry 0% 2450
labelling program. In the 2BHK dwelling unit, one-bedroom is considered EENER
conditioned with a setpoint temperature of 24 deg C for cooling and 21 March 90% ;;gg
degC for heating. The living room and the other bedroom is run on April . 30.24
mixed-mode use where the cooling and heating setpoint temperature is ;;-:?
considered from IMAC. ST sl =
lune 90% 2:::
*  Detailed inputs in terms of number floors, building geometry, Envelope July 0% 32.15
details, internal loads and active systems are provided in the simulation ;:i?
software. Detailed natural ventilation modeling is carried out in Energy August S0% —
plus. The schedule for window operation based on temperature. September cio :g-:i
October 90% 29.75
«  Daylight simulations are carried out on Radiance based Lighting ;:':g
Simulation software for detailed analysis and optimization. IR T S0% —
December 90% ;3;2

IMAC, NV Set point temperatures
for Lucknow (Composite Climate)
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Hourly occupancy numbers and schedules are developed based on NBC norms and observed

trends in residential buildings.
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The internally generated loads for equipment and lighting will be assumed based on observed

cultural trends.

Bedroom 1(AC)_Lighting Schedule Bedroom 2_Lighting Schedule
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- Input Parameter : Envelope, Lighting, Ventilation

i
: Parameters

An example of input parameters for simulation for the base case is represented below

Composite_Lucknow_Row House Back to Back_2bhk (5 Persons)
.. Level 1
S.No Description
0 Deg 90 Deg 180 Deg 270 Deg
Building Envelope
1 Exterior Wall 230mm thick Solid Burnt Clay Brick
2 Roof construction 50mm thick EPS+Light coloured glazed tile
3 Floor slab 100 mm thick RCC slab
4 Glazing 50 mm Steel Frame; Single glazed Unit (ST 150) - U Value = 5.7 W/m2k, SHGC = 0.56, VLT=0.51
5 Door Timber frame and Timber Door - Conductivity = 0.144 W/m K
Kitchen - Overhang +Fin Kitchen - Overhang +Fin
Kitchen - Overhang (D5,W2); Bedroom 1 - Kitchen - Overhang (D5,W2); Bedroom 1 -
(D5,W2); Bedroom 1 - Overhang +Fin (DW1), (D5,W2); Bedroom 1 - Overhang +Fin (DW1),
6 Shading devices Overhang (DW1), Overhang + Fin (W5), Overhang (DW1), Overhang + Fin (W5),
Bedroom 2 - Overhang | Bedroom 2 - Overhang | Bedroom 2 - Overhang | Bedroom 2 - Overhang
(D4); As per architect's |+Fin (D4), Overhang + Fin| (D4); As per architect's |+Fin (D4), Overhang + Fin
drawing (W5); As per architect's drawing (W5); As per architect's
drawing drawing
7 Roll Down Shading Screen None
8 Window to wall Ratio 22.00%

Bureau of Energy Efficiency, Ministry of Power, Government of India




Input Parameter : Envelope, Lighting, Ventilation

0
4 Parameters

L Level 1
S.No Description
0 Deg 90 Deg | 180 Deg 270 Deg
Electrical loads
10 Interior Irlghtlng power 4.842
Density (W/m2)
Living room - Ceiling Fan = 0.06 kW, TV = 0.0564 kW; AC Bedroom - Ceiling Fan = 0.06 kW; MM
11 Equipment loads Bedroom - Ceiling Fan = 0.06 kW; Kitchen - FFR = 0.185 kW, Exhaust Fan = 0.24 kW, Mixer Grinder =
0.75kW, Bathroom - Geyser = 2.0 kW, Washing Machine = 0.50 kW ( 3 star rated equipment)
HVAC System
12 Inverter based split unit with cooling heating provided in the Bedroom next to kitchen
HVAC System type
13 Efficiency (COP) 3.7, 3 star
14 Cooling capacity (Tr) 1.0
15 Heating capacity (Tr) 1.0
Supply air flow for both

16 Heating and Cooling 9.6

(m3/min)
17 Fresh air requirement Minimum = 2.5 I/s/person + 0.3 I/s/m2

(m3/min) Actual fresh air provided with 200mm 200mm louver to achieve 3 ACPH - 0.0305 m3/s

. 24 °C cooling and 21°C for heating for conditioned bedroom, unconditioned spaces setpoint based on
18 Setpoint temperature .

IMAC temperatures for Natural ventilation

Bureau of Energy Efficiency, Ministry of Power, Government of India




: Input Parameter : Envelope, Lighting, Ventilation
m

4y Parameters

A Level 1
S.No Description
0 Deg 90 Deg 180 Deg 270 Deg
Ventilation
As per NBC 2016, Bedroom: 2-4 ACPH
20 ACH (Window ventilation Living Room: 3-6 ACPH
during the day) ACPH designed ; Bedroom = 3
Natural ventilation: As per detailed natural ventilation modeled in the software
21 Infiltration 0.0002m3/s/m2(0.04cfm/ft2) as per section 5.4.3.1.3 b of ASHRAE 90.1.2010
) 2 burner stove: Width: 60cm, Suction: 600 m3/hr around 350CFM; Wattage: 150
22 Kitchen exhaust fan )
Heat gain: 5000 Btu/hr from each burner - 1465 Watts
Window and Shading Device Schedule
23 Window 50 % operable for Sliding windows and 90% operable for Casement Windows

Bureau of Energy Efficiency, Ministry of Power, Government of India




Indicators on energy performance and cost help compare the results across performance levels for
the user to judge what they can achieve today & how they can progress in the future.

Performance Indicator

1 Building Envelop Efficiency Residential Envelope Transmittance Value (RETV)

2 Natural Ventilation Potential Window to floor area ratio (WFR)

3 Energy Efficiency Energy Performance Index (EPI)

4 Visual comfort Day light potential (Useful Daylight llluminance —UDI)
5 Thermal Comfort Naturally ventilated hours

6 Cost effectiveness Cost of construction & electro-mechanical equipment

Bureau of Energy Efficiency, Ministry of Power, Government of India



RETV (Residential Envelope Transmittance Value)

Performance

Indicator

Standard

Simulation

Building
Envelop
Efficiency

RETV - Is the net heat gain rate
(over the cooling period) through
the building envelope (excluding
roof) of the dwelling units
divided by the area of the
building envelope (excluding
roof) of the dwelling units.

* All levels to meet an RETV < 15

* 4 levels of energy efficiency
leading to decreasing values of
RETV as the envelop
performance increases

required

Calculation
based on
formula (wall
area, window
area, material
properties)

Building Envelop Efficiency

12.5

!

Bureau of Energy Efficiency, Ministry of Power, Government of India




Envelope performance

WEFR (Window to Floor area Ratio) | Standard: ENS

Performance Simulation
Indicator required
Natural WER -Is the ratio of * Meet min. standards of Calculation based
Ventilation | openable area to the ventilation (WFR) as per ENS on formula (floor
Potential carpet area of dwelling requirements area, window
units. area)

Natural Ventilation Potential

23.16
WFR | o
11.1* 35
i Composite climate ii 0 degree orientation ii Base performance ii Top Floor i

Bureau of Energy Efficiency, Ministry of Power, Government of India



Naturally ventilated hours:

Performance EGEN S Simulation
Indicator required
Thermal IMAC refers to India model for *% of comfortable hours without % Design
Comfort adaptive thermal comfort tool, has AC Builder/
defined temperature set points for *Energy performance performed Energy Plus
naturally ventilated spaces are to arrive at naturally ventilated
considered for heating and cooling, | hours for each space
for all the selected cities.
Bathroom ’ Bedroom-2AC
iii:i::i:l |_|ving :
room [T % of comfortable
""""""" hours without AC
Bedroom-l |
i Composite climate i i 0 degree orientation i i Base performance i i Top Floor i

Bureau of Energy Efficiency, Ministry of Power, Government of India



Visual Comfort

Useful Daylight llluminance (UDI)

Performance Remarks Uni Simulation
Indicator ts required

Visual Daylight simulation is * Daylight performance of a typical dwelling Daylight (UDI)
comfort performed to calculate unit is assessed by the Percentage of hours Software:

interior daylight levels in a receiving UDI (between Level - 100 Lux to Design

space for a specific location. 3000 Lux) in a year for 50% potential daylit Builder/Energy

time (8 am —5 pm) Plus
| & (o '

Kitchen & Living L e | & PO
KITCHEI F BEDROOM 2 N ]
D Imx24m / 3m xum(C

45.82
uDI = aa
0 100 i _]E %:‘
eReoM—
!
!

3400

-@ T LIVI
Ly |
Bedroom 2 ] 'ZEA*T%”\J]}_ D
52.75 | e—-o" Il | e T—
uDI Nl I
; w e .
: : BE?E?J(B‘N“ -‘ : /28 8000
Bedroom 1 80.25 i i | ..
| | | .
uDI | | [ - .T
0 100 e | .
| | | |
| LA [ [
Composite climate 1 | 0degree orientation | | Base performance | | Top Floor |
L [ [ [ 1
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Energy Efficiency

Energy Performance Index (EPI) ' Standard: BEE Star Labelling for Residential Buildings |
Performance Units Simulation
Indicator required

Energy Bureau of * EPI Calculation for Composite, kWh/sq Energy
Efficiency Energy Hot & Dry and Warm & Humid = m/year simulation
Efficiency (BEE) EPI for air conditioned spaces through
provides a (25% area) with 24 deg C as set Design
Residential point (E1) + EPI for other spaces Builder/
building Star (75% area) with natural Energy Plus
Rating Plan ventilation (E2) set points defined
based on the by IMAC with Air conditioner
EPI values switched ON*
calculated for * For Temperate: 100% area
each climatic operated at IMAC-NV set-point
zone. temperature
* Energy saved, cost of energy
saved and reduction in co2
emission
48.87
EPI HE |
5 65
i Composite climate i i 0 degree orientation i i Base performance i i Top Floor i

Bureau of Energy Efficiency, Ministry of Power, Government of India



Heat balance/ histogram

300.00

250.00

200.00

150.00

100.00

50.00

0.00

-50.00

-100.00

-150.00

Level-1_0Odeg_Top Floor

B Total conduction heat gain-Non opaque Surface [KWH/m2]

I Total conduction heat gain- Opaque Surface [KWH/m2]
Equipment sensible Heat gain [KWH/m2]
Light sensible Heat gain [KWH/m2]

60.98
7.42 People sensible Heat gain [KWH/m2]

3771 . Total conduction Heat Loss- Opaque Surface [KWH/m2]
I Total conduction Heat Loss- Non opaque Surface [KWH/m2]
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End of session 2 — Energy Performance Simulation

Session summary:

* Simulation Methodology
* Input parameters
* Schedules: Occupancy, Lighting, Equipment
* Envelope
* Lighting
* Ventilation
* Key Performance Indicators
* Residential Envelope Transmittance Value (RETV)
 Window to floor area ratio (WFR)
* Energy Performance Index (EPI)
e Day light potential (Useful Daylight llluminance —UDI)
* Naturally ventilated hours

Questions & Feedback

Please follow the link in the chat box to fill the feedback survey:
https://www.surveymonkey.com/r/NJZHDTT

30
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Energy Performance Results

Session 3
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Orientation Variation

ORIENTATION

East

North

West

South
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For each given design of a dwelling unit, 3 steps of incremental improvements in building

envelop & equipment are proposed and their energy performance is reported.

mmmm 1. Base

e This is the minimum performance to meet the ENS code.

2. Moderate

* This step achieves a better performance from the basic with better construction material.

* This is the ideal step of good performance with improved windows, shading & energy efficient
electro-mechanical equipment.

e This step improves the building envelop and mechanical equipment to the best of latest
available technologies.

For some designs we propose the most advanced improvements and report the high
performance achieved.

5. Exemplary Passive House

e This is the ultimate step to get close to drastically reduced energy demand, which can then be
easily covered by renewable energy while meeting global standards of comfort and air quality.

Bureau of Energy Efficiency, Ministry of Power, Government of India



TopFloor | 4887 | | 5050 ! | 5173 ! | 5264 @

DESIGN MEASURES:
* The door- window opening

Middle 4440 4331 4599 4486 sizes and shading devices
Floor S b e R Rhhhb bk R E et ! are varied for each specific
case to get to these

fs P g I I ! erformance results.
Bottom """ 60 1 0 4012 | | 4209 | | 3856 | P
Floor b S . R ' R .

' Warm & Humid Climate \ 1 Base performance ,
North East South West

Top Floor  ;------------- v o pTTTTITeees St !

! 48.03 : 48.67 ! 50.58 t 51.23 !
Middle o o
Floor 42094 1 0 4168 | 1 4519 | i 4317
Botom il oo
Floor 3998 ! | 3853 i | 4053 | | 3986 |
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COMPONENTS & SPECS

Wall —230mm Brick

Roof — 50mm EPS insulation
+ Light colored glazed tile
Window - Single glazed unit
with rolled steel frame
Shading — No shading
Electro-mechanical systems
— 3 star rated appliances

ANNUAL ENERGY SAVINGS
OVER BASE CASE:

ANNUAL CO2 EMISSION

REDUCTION OVER BASE CASE:

PAYBACK PERIOD OVER BASE CASE:

COMPONENTS & SPECS

Wall — 200mm AAC Block
Roof — 50mm EPS insulation
+ Light colored glazed tile
Window — Single glazed unit
with rolled steel frame
Shading — Additional top
and side shading fins & roll
down bamboo screens for
balcony

Electro-mechanical systems
— 3 star rated appliances

3.98 KWH/sq.m
0.16 tCo2 / 1KwH

16.4 Yrs

COMPONENTS & SPECS

Wall —200mm AAC Block
Roof — 50mm EPS insulation
+ Light colored glazed tile
Window — Double glazed
unit with UPVC frame
Shading - Additional top and
side shading fins & roll down
bamboo screens for balcony
Electro-mechanical systems
— 4 star rated appliances

8.9 KWH/sq.m
0.53 tCo2 / 1KwH

22.4 Yrs

COMPONENTS & SPECS

Wall —200mm AAC Block
with 50mm thick EPS
insulation

Roof — 50mm EPS insulation
+ Light colored glazed tile
Window — Double glazed
unit with UPVC frame
Shading - Additional top and
side shading fins & roll down
bamboo screens for balcony
Electro-mechanical systems
— 5 star rated appliances

11.74 KWH/sq.m
0.93 tCo2 / 1KwH

22.5 Yrs
36
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Cost Efficiency

COMPONENTS & SPECS

Wall —230mm Brick

Roof — 50mm EPS insulation
+ Light colored glazed tile
Window - Single glazed unit
with rolled steel frame
Shading — No shading
Electro-mechanical systems
— 3 star rated appliances

COST INCREASE OVER BASE CASE:

ANNUAL ELECTRICITY COST
DECREASE OVER BASE CASE:

COMPONENTS & SPECS

Wall — 200mm AAC Block
Roof — 50mm EPS insulation
+ Light colored glazed tile
Window — Single glazed unit
with rolled steel frame
Shading — Additional top
and side shading fins & roll
down bamboo screens for
balcony

Electro-mechanical systems
— 3 star rated appliances

Rs. 14,000

Rs. 853

COMPONENTS & SPECS

Wall —200mm AAC Block
Roof — 50mm EPS insulation
+ Light colored glazed tile
Window — Double glazed
unit with UPVC frame
Shading - Additional top and
side shading fins & roll down
bamboo screens for balcony
Electro-mechanical systems
— 4 star rated appliances

Rs. 77,200

Rs. 3,451

COMPONENTS & SPECS

Wall —200mm AAC Block
with 50mm thick EPS
insulation

Roof — 50mm EPS insulation
+ Light colored glazed tile
Window — Double glazed
unit with UPVC frame
Shading - Additional top and
side shading fins & roll down
bamboo screens for balcony
Electro-mechanical systems
— 5 star rated appliances

Rs. 1,43,000

Rs. 6,355

Bureau of Energy Efficiency, Ministry of Power, Government of India



End of session 3 — Energy Performance Results

Session summary:

* Impact on results:
* Dwelling unit placement
* Orientation
e Climate zone

* Result comparisons across different
performance status
e EPI, Energy Savings & Payback
e Cost & LCC

Questions & Feedback

Please follow the link in the chat box to fill the feedback survey:

https://www.surveymonkey.com/rINOQ7Y 226
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Exemplary Passive House
Performance Results

Session 4
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Exemplary Passive House - Principles

* High comfort according to ISO 7730,
20-25°C, max. 60% relative humidity

* Small energy consumption

* Improved air quality

5 Passive House Principles

Continuous insulation

Reduces heat losses/gains™*

Passive House windows + shading

Enjoy/avoid* free solar gains

Continuous airtightness

Prevents drafts + moisture problems

Ventilation unit

With heat/humidity recovery*
Provides fresh air 24/7!

No thermal bridges

Limit weak points
* Climate dependent

40
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Energy modelling with standard boundary conditions

(Passive House certification)

EXEMPLARY

RESULTS, ENE RGY CRITERIA BASE CASE PASSIVE HOUSE |DIFFERENCE
Heating demand (useful energy) kWh/(m?2a) 15 [ 31 0 99%
Heating load W/m? 10 [ 68 7 90%
Cooling & dehum. Demand (useful 2 i
energy) kWh/(m?a) 62 439 62 86%
Cooling demand (useful energy) kWh/(m?2a) 18 204 [ 41 80%
Dehumidification demand (useful KWh/(m?a) a4 235 2 .
energy) 91%
Cooling load W/m?2 11 [[ 93 14 85%
Frequency of overheating (> 25 or o i i
27.5 °C) ° - -
Frequency of excessiwely high o i

% 10
humidity (> 12 g/kg) ° 0 0
PE demand kWh/(m?za) 178 [ 911 140 85%
PER demand kWh/(m?2a) 97 [ 541 75 86%

Bureau of Energy Efficiency, Ministry of Power, Government of India



Energy modelling with projects specific boundary conditions

(local context, India)

EXEMPLARY
RESULTS, ENERGY BASE CASE PASSIVE HOUSE |DIFFERENCE
Heating demand (useful energy) kWh/(mZa) [ 24 0 100%
Heating load Wim? [ 66 -
Cooling & dehum. Demand (useful 2 r
energy) kWh/(m?Za) 536 144 239
Cooling demand (useful energy) kWh/(m?2a) 249 86 66%
Dehumidification demand (useful 5
energy) kWh/(m?Za) 287 58 80%
Cooling load W/m2 [[ 104 22 79%
Frequency of owerheating (> 25 or o i
27.5 °C) ° i} )
Freq.ugncy of excessively high % 0 0
humidity (> 12 g/kg)
PE demand KWh/(m?a) [ 1160 350 70%
PER demand kWh/(mZa) r 711 212 70%

Bureau of Energy Efficiency, Ministry of Power, Government of India




Life cycle costs
(EN 15459 -1: 2017)

Costs [EUR/mZ]

1
1
1
5.000 € 1
1
1
1
4.000 €
3000 €
2.000 €

1.000 €

g
o
h

2_BL_ACTIVE COOLING

5_Passive House

BASE CASE EXEMPLARY PASSIVE HOUSH
RESULTS, COSTS (PRELIMINAR] EUR EURIsqm EUR EURisqm
nvestment costs EUR WP} - £ - £ 221008594 € 162 44 €
Ieplacement costs ELUR DWPN) - £ - £ 20843661 € 2M9,35€
Iesidual value EUR (WPN) - £ - £ T2023,00€ G204 £
Zlectricity costs EUR (WPN) EITATIGTEE 3850 45 € 1511795 28 € 1.111,18€
Jther operation costs (gas + EUR (WPN) 368.476,37 € 270,83 € 433627 91€ 32239 €
maintenance}
Total costs EUR (WPN) 574319363€| 4.221,29€ | 239783564 1.762,43 €
Cost-effectiveness (savings) EUR/=gm 2.458.86 € |sou
Subsidy on electricity EUR (WPN) 1.861955 45 € 136855 € EZ3T20 08 IB4 04 €
Total costs w. subsidy EUR (WPN) TE05.14008€ 5.5B0 B4 £ | 202156472 € 214737 £
Cost-effectiveness (savings) EUR/=gm 3442 4T € |62%

Subsidy to electricity
Other operation costs
Electricity
Replacement
Investment

13.773 INR

149.405 INR
208.510 INR

Bureau of Energy Efficiency, Ministry of Power, Government of India



Life cycle costs
(EN 15459 -1: 2017)

Depends on climate

Depends on building type (e.g compactness, user density)

Comparison

BASE CASE EXEMPLARY PASSIVE HOUSH Bengaluru
RESULTS, COSTS (PRELIMINAR)] EUR EUR/sgm EUR EURIsqm EUR/'sqm
nvestment costs EUR (VPN) - € - € 221.008,94 € 162 44 € 36.70€
leplacement costs EUR (VPN) - € - € 20843661 € 2935 £ TT23€
Jesidual value EUR (WEN) - £ - £ 7203309 € 5204 € 13,36 €
Zlectricity costs EUR (WEN) 5374TIET6 € 3.950,46 € 151179528 € 111118 € 1.221,06 €
Jther operation costs (gas + EUR (VPN) 368 476,37 € 270,83 € 43862791 € 32239€ 270,83 €
maintenance}
Total costs EUR (WPN) 574318363 4.221,29€ | 230783564 1.76243€ 1.592,46 €
Zost-effectiveness (savings) EUR/sgm 2.458.886 € ||=a% 748,53 € ||32%
Subsidy on electricity EUR (WPN) 1,851,055 45 € 1.368 55 € £23.720,08 £ 18404 € 4231 €
lotal costs w. subsidy EUR (WPN) 7.505.149,08 € 5.580,84 € | 2021584 T2 € 214737 € 201547 €
Cost-effectiveness (zavings) EUR/=gm 3442 4T € )|62% 104213 € || 34%

Bureau of Energy Efficiency, Ministry of Power, Government of India




Exemplary Passive House - Energy performance

PARAMETERS
for building 1.2 in Lucknow

BASE CASE

VALUE SOURCE

EXEMPLARY PASSIVE HOUSH

VALUE SOURCE

THERMAL ENVELOPE

Absorptivity of surfaces |

White walls and ceiling

Cool colours in roofs, white walls

Exterior walls

230mmwall, Onm insulation, U~value
[k 1.9

200mm wall, 200mm insulation, L-value
[WHm2K): 018

Roof

100mm RCC slab, 0 rm foam concrete,
concrete laid to slope, S0mm insulation,
value [Wim2K)]: 0.63

100nm RCC slab, 0 mm foam concrete,
concrete laid to slope, 225mm
insulation, Uvalue DA M2k 017

Floor

100mm RCC slab above crawl space,
Ormm insulation, Uvalue IWImE2K)L 6.12

100mm RCC slab above crawd space,
150mm insulation, Ukvalue W mM2K)]:
0.26

Thermal bridges

Mo themmal breaks

Separate balconies, stairs, etc.

WINDOWS (ALL), DOORS TO BALCONIES - WITH
GLAZING

(D4, DS, DW1)

Single glazing, solar control, steel frame

Triple glazing, low-e, UPYC frame

OPAQUE PANELS
(BOTTOM OF DWH AND D4, D5 IN HOT&DRY AND
COMPOSITE)

Wooden shutter 35mm, steel frame

PH door board and uPVC frame

ENTRANCE DOORS (D1}

Wooden shutter 35mm, wooden frame

PH door board and uPVC frame

Comparison building: 3BHK
tower unit in Lucknow

* Wall — 150mm insulation

* Roof — 50mm insulation +
Reflective surface

* Window — Double glazing
solar control and PH frame

Bureau of Energy Efficiency, Ministry of Power, Government of India



BASE CASE

EXEMPLARY PASSIVE HOUSH

Shading from horzon

Meighbouring buildings, similar height

Mieghbouring buildings, similar height

Lateral reveals

Per design, with window on the interior

Window on the inside of masonry layer,

side frame covered with insulation
Fins no fins fins
] ] ] L ‘Window on the inside of masonry layer,
Overhangs Per des'g;ixtz:";ﬁmn’;ﬁ” the INtEMor | s -me covered with insulation, in W5 and
' gs W3 (comers) 0.6m

Temporary shading in summer MNone ABLA Roll-down shading ABLA
AIRTIGHTNESS 1H 5.00 Estimation PHI 0.60 Estimation PHI

'”;T“et;r;'f;h- Inwinter: 1.03h,
VENTILATION ) y_ ) ABLA MVHR; in summer: PHI

Wwindows; in sumrmer. MVHR 1.0%hH

Windows 1.03/h )

Additional night vertilation for cooling (summer) 0.2/hthrough ABLA 0.25/h through PHI
windows windows

Kitchen extract sy stem Extract fan, 5hiday ABLA Recirculation hood PHI

SUMMER STRATEGY COOLING

2split units 1.5Tr, and dehumidifier

1split units 1 Tr, and dehumidfier

DHW installation

20mm pipes, to kitchen sink, bathroom s
per unit

k and shower, 10m Estimation PHI

ELECTRICITY

3 star appliances

5 Star appliances

Bureau of Energy Efficiency, Ministry of Power, Government of India




Exemplary Passive House - Energy performance

Sensible cooling demand reduction

m Useful cooling demand “0e

m External walls
250

-65%
mFlor slab 23
Windows/doors 150
Thermal bridges :
m Ventilation n
O Mon-useful heat losses 50
O Solar heat loads o E
0 ® 0
)

LOADS LOSSES LOADS LOSSES

k3
=}
=}

Heat Flows [KWhim2a])

m Intermnal heat loads
BASE CASE EXEMPLARY PASSIVE HOUSE

Bureau of Energy Efficiency, Ministry of Power, Government of India



Sensible cooling demand reduction Bl Specific cooling demand
Sum specific heat losses

Sum specific loads (solar + internal)

BASE CASE EXEMPLARY PASSIVE HOUSE

s B HHEEBZE

{

¥

LiEE.
a |
dnmand [RWhiimimaentn)]

2 EES

_—
e

Spacihc loases, loads. Lisetul coaling

Specific losses, loads, Uselul cooling
demand [K¥Whiim month ]
EEElhaccuEssed

Bl
7
q
[ .
[ .
[ i

Without active cooling (using ceiling fans):
=2 50% of the year >27.5°C
=2 62% of the year >25°C

Bureau of Energy Efficiency, Ministry of Power, Government of India



Latent cooling demand reduction (dehumidification)

* Improved airtightness
e Ventilation unit with humidity recovery
* Recirculation hood in the kitchen

BASE CASE EXEMPLARY PASSIVE HOUSE

Dehumidification demand: 286,9 |kWh /(m?a) Dehumidification demand: 58,2 |kWh /(m?a)

Bureau of Energy Efficiency, Ministry of Power, Government of India



Exemplary Passive House - Energy performance

Other orientations

Level 5 [PASSIVE HOUSE]

3_Ng

Description

0 Deg

30 Deg

| 180 Deg

270 Deg

Building Envelope

Exterior Wall

200 mm thick AAC Block wall with 200mm EF'S insulation [color white]

Roof construction

RCC =lab + 225mm insulation + Reflective surface [High SEI paint)

Floor slab RCC slab + 150mm insulation
116205:3:“ UET{VC Flrarrie-. !‘I""'TIUE 12Bmm uPYC frame, U-walue 160 Wimz2k; triple glazing, low-E, U-value
Glazing TE U Talu:é'pﬁ;ﬁ II‘:E?';”' 0EIWImEK, g-valued SHGC: 0,39
valuelSHGECE: 0,59 ‘without top glazed panels in 05, 04
Door 126mm uPYC frame, U-value 160 'WimzK; opague panel: U-value 064w im2E

Kitohen - Duehand | Kitohen - Ouerhang | Kitchen - Busthang
- tU (O5,'W2); Bedroom 1 i
Kitchen - Overhang [O5,'W2]; Bedroom 1 - Owerhang (O] Bedroom 1 -
Bedroom 1 - Ouerhang Oeerhang +Fin (O], Overhana « Fin ['-.-.-'IE] Oerhang +Fin (O],
, , (O], Overhang + Fin W], | Owerhang « Fin W), g " | Owerhang +Fin W],
Shading devices Bedroom 2 - Ouerhan Bedroom 2 - Bedroom 2 - Bedroom 2 -
- g - Overhang [O4], -
[O4], Overhang + Fin [WE]; A= |  Owerhang +Fin [O4), Owerhang  Fin [W5]; Overhang +Fin [O4],
per architect's drawing Owerhang + Fin ['WE]; .o | Owerkhang + Fin ['W5];
A= per architect's
Bz per architect's draving Aoz per architect's
drawing drawing

Bureau of Energy Efficiency, Ministry of Power, Government of India




End of session 4 : Exemplary Passive House

Performance Results

Session summary:

Simulation principles
* Energy modelling
* Life cycle costs

Required components

Cooling demand reduction
* Sensible demand
* Latent demand (dehumidification)

Other orientations

Questions & Feedback

Bureau of Energy Efficiency, Ministry of Power, Government of India



The Web-Tool package

Session 5
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The Web Tool

All the work from this study set will be made available to the user through the web tool
for all design typologies to understand the performance through the tool and then to be
able to input their own specific details and get results.

This tool will be available at the Eco-niwas Website.

———————————————————————————

———————————————————————————

Design typologies e Descriptions of each design typology

Bureau of Energy Efficiency, Ministry of Power, Government of India
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Stand alone

Singly loaded

ndia

2 side open

Corridor
Government of |

Development

Multi family — Group

Ministry of Power

Back to back

Housing
Typologies

[SI)
ciency,

IIIIIIIIIIIIIIIII

Single family -

Semi-
Detached

Detached
Row House

2 side open

Typolog

IIIIIIIIIIIIIIII
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Single Family—Plotted housing

2 Side open Row House

For larger plots or plots situated in warm & humid or temperate climate zones the

ventilation requirements may not be met by a single side open plot. Therefore, the
two side open row house typology is adopted in such cases. This opens to the front
street as well as a back street or a back set-back while the side walls remain shared

with the neighbours.

Bureau of Energy Efficiency, Ministry of Power, Government of India



Design Catalogue

The project will provide design layout options in the catalogue in the form of
2D design drawings that are most usable and convenient to implement for a
large user base.

———————————————————————————

———————————————————————————

| Design typologies ——  Descriptions of each design typology

———————————————————————————

| Design Catalogue ! Step 1. Identify Climate zone & '
""""""""""""" Location Representative city )

Bureau of Energy Efficiency, Ministry of Power, Government of India



————————————————————

State

Select State

City
Select City

Climate Zone

B Hot and Dry

[ Warm and Humid
] Composite

] Temperate

[l Cold

Bureau of Energy Efficiency, Ministry of Power, Government of India



Representative City- Bhubhaneshwar

This study shows results for representative cities in each climate zone. These are not absolute solutions for all locations falling in
a particular climate zone as conditions vary geographically. The methodology and rationale of improving energy performance
[ SO step by step is to be understood from this example and applied for other locations.

i_ _ Design typologies - _i Selection criteria for representative cities:
As per ECBC 2017 and ECBC_R (Envelope), India is divided
| = mm e mmmmmmm \ based on 5 climatic zones being, Hot & Dry, Warm &
| Design Catalogue Humid, Composite, Temperate, and Cold. In order to select
R ' one city per climate zone the parameters considered are as
follows:
i.Cities classified based on Climatic zone in ECBC 2017.
ii.Climate file available for simulation
iv.City classification — Tier 1/2/3
v.  Projected development under Smart City Mission,
Government of India, Houses sanctioned under PMAY
— Pradhan Mantri Awas Yojana (Urban) Scheme —
State wise, Housing shortage State wise

The selection is further justified based on the results of the
paper, “Development of a method for selection of
Representative City in a Climate Zone” , which uses the
method of calculating the minimum Euclidean distance
with respect to remaining cities of the same climatic zone
to be taken as a representative city.

Bureau of Energy Efficiency, Ministry of Power, Government of India



Select Building Typology

The web-tool is designed to go into greater technical depth. It is designed to make
information available to a large user base.

———————————————————————————

Design typologies ——  Descriptions of each design typology
" Dasion Catstogue | Step Lidentty || Cimatezone & | |
LI_)eSI_gngata_Iogtfe_ ! P . "y — . —— Climatic data .
 Location ! : Representativecity | .-~ _______!
Step 2. Select ———— Multifamily —% Matrix of size and design options
Typology R DSOS !
' ' Single family == Matrix of size and design options !

35 building types
With all variations giving up to 3000
cases

Bureau of Energy Efficiency, Ministry of Power, Government of India



The data from this study set will be made available to the user through the web tool for all
design typologies to understand the performance through the tool and then to be able to
input their own specific details and get results.

———————————————————————————

———————————————————————————

———————————————————————————

Step 1. Identify

Step 2. Select
Typology

Step 3. Select unit
Type & size

Descriptions of each design typology

' Climate zone & i

Representative city LCIlmatlcdata _____

_______________________________________

____________________

Plan set ‘ Block Plans

Master set

Bureau of Energy Efficiency, Ministry of Power, Government of India



m Select Unit type and size

Low Rise (Building Height <=15m)

Back to 1BHK 2BHK 3BHK

back row (30sgm) (41sqm) (55sqm)

house (1.1A) (1.2A) (1.2D)

2 side 1BHK 2BHK 3BHK 3BHK

open (32sgm) (48sgm) (62sgm) (62sgm)

row (1.1B) (1.2B) (1.3A) (1.3¢)

house

Doubly 1BHK

loaded (30sgm)

corridor (1.1C)

Mid/ High Rise (Building Height>15m)

Doubly 1BHK 2BHK 3BHK

loaded (44sgm) (65sgm) (85sgm

corridor (1.2C) (1.3B) (1.4A)

Connecte 3BHK 3BHK

d (105sgm) (125sgm

Towers (1.4B) (1.5A)

Stand- 3BHK 3BHK 3.5 BHK 4.5 BHK
alone (105gm) (105gm) (156sqm) (225sgm)
Towers (1.4€) (1.5B) (1.6A) (1.7A)

R

Bureau of Energy Efficiency, Ministry of Power, Government of India



Master Set

1. Design and Construction data

1.1 Revit Model

1.2 Construction drawings
1.2.1 Marking Plan

1.2.2 Block Layout

1.2.3 Site Layout

1.2.4 Elevations

1.2.4 Sections

1.2.5 Design variants detail
1.2.6 Detail Drawings

1.3 Bill of quantities and Estimate
1.3.1 Civil
1.3.2 MEP

Bureau of Energy Efficiency, Ministry of Power, Government of India



Master Set

2. Simulation and Performance data

2.1 IDF File 2.3.4 ENS Code compliance
2.2 RAD File 2.3.4.1 WFR, WWR, VLT, URoof & RETV
2.3 Master sheet 2.3.5 Performance Indicators
2.3.1 Climate analysis 2.3.5.1 Energy performance index
2.3.2 Schedule of operation 2.3.5.2 Heat Balance Histograms
2.3.2.1 Occupancy 2.3.5.3 CO2 Emission reduction
2.3.2.2 Lighting 2.3.5.4 Payback Period & LCC
2.3.2.3 Equipment 2.3.5.5 Daylight Analysis & False UDI renders
2.3.2.4 HVAC 2.3.5.6 % of comfortable hours without AC
2.3.3 Input Parameter sheet
2.3.3.1 Building Envelope Additional information provided for PH
2.3.3.2 Electrical Loads cases
2333 vACstam 1 EEP LG o ThE ey sl
2.3.3 4Ventilation dxe(?rg?lg esfortyp v
« Qualitative ventilation
recommendations

Bureau of Energy Efficiency, Ministry of Power, Government of India



Design Catalogue ' Step 1.ldentify

""""""""""""" ' Location ! . Representative city | LCIlmatlcdata
::::::I:::::: A [
| Step 2. Select Multifamily , « Matrix of size and design options
| Typology r_::::::::::::::::::‘. e
"""""" I' : Single family | | Matrix of size and design options
. Step 3. Select unit "~ Plan set % Block Plans ' Site Plan
| Type & size U e

21 Master sets covering a Step 4. Master set | I I
range of types and sizes of the typology Energy Performance Simulation
| performance data Data
Concepts

Design &
Construction data

" - Construction drawings
' - BOQ and Cost estimate (Civil & MEP)
- Revit Model (Civil & MEP) |

Download-able

' Climate zone & | T !

- Energy performance index

- Heat Balance Histograms

- Payback Period & LCC
- Daylight Analysis

- CO2 Emission reduction

- Input Parameters

- Schedule of
operations

- .IDF File

- .RAD file

Download-abl

Bureau of Energy Efficiency, Ministry of Power, Government of India
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ROW HOUSE-2 SIDE OPEN -2 BHK (1.2B)

HOT & DRY,COMPOSITE BASE CASE - ALL FLOORS East — West Orientation

FACADE 1

(o
st/

*Variation from Hot &Dry Base case

FACADE 2

Added Fixed Shading Screen
side fins

600mm wide window shading
overhang with side fins
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ROW HOUSE-2 SIDE OPEN -2 BHK (1.28B) HOT & DRY,COMPOSITE MEDIUM,GOOD AND HIGH — ALL FLOORS North - South Orientation

FACADE 1

8

FACADE 2

]

Added Roll down adjustable
shading screen

[0 ; ; : ij::;;i;;: i
600mm wide window shading -+

overhang with side fins

*Variation from Hot &Dry Base case
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End of session 5 — Web-Tool Package

Session summary:

Web Tool
* Tool structure

Design Catalogue Provisions

Master sets
* Contents
e Download-able information

Information Samples

Questions & Feedback
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Implemented by

4
e r a Deutsche Gesellschaft
I I I I I fOr internaticnale
Zusammenarbeit (61Z) GmbH

cooperation
DEUTSCHE ZUSAMMENARBEIT

Knowledge Partner

FE -F €. o
ASHOK B. LALL ARCHITECTS Sl S ‘I) .
Fco Friendly Solutions Fassive House

Institute
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