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LIMITING AMBIENT TEMPERATURE





CO 2  emiss ions in  2010  
a n d  2 0 2 0  b y  s e l e c t  
country (in million metric  
tons)
India is ranked 3rd in  the 
world



“WHO” – On Hospital Bed Requirements in India

530 Beds per million of people which is only 15% of 
world average i.e. 3960.

In India hospitals contribute 23% of total energy consumption and the hospital building 
growth rate 12–15% in last decade. The World Health Organization estimated that India need 
80,000 additional hospital beds every year to meet the demands of India’s population. 

Source: WHO website & 10th International Conference on Energy 
Sustainability 







CARBON INVOLVED IN BUILDINGS



Energy Consumption in Hospitals 
(23 Participating Hospital)

- Bhopal
- Pune
- Mumbai
- Navi Mumbai
- Kolkata, 
- Ludhiana

Source: A Report on Energy Efficient Hospitals – visiting the realities by CII & schneider 



Building Life Cycle Cost Analysis (LCCA): 



APPROCH TO 
ENERGY EFFICIENT BUILDING 
DESIGN



Source: AEDG50_Hospital



Energy Efficient Buildings

Renewable Energy

Energy Efficient Envelope

Up to 25% Cooling  
can be lost through  

Roof

Unshielded Glazing can
increase cooling load

Up to 30% Cooling can be lost  
through un-insulated walls

Energy Efficient Equipment

Inefficient HVAC
system

Increase internal loads
also add to cooling load

Poor daylighting/ artificial  
lighting

High Performance Building



Envelope and Passive Systems:

Best Practices for Energy Efficient Building Systems

§ Optimizing massing and orientation using building energy simulation 

§ Decreasing envelope heat gain through appropriate construction 

assemblies, passive construction, insulation, phase change materials, 

shading, and reflective ‘cool’ surfaces

§ Optimizing fenestration and window-to-wall ratios 

§ Maximizing daylight autonomy without glare



Passive Architecture
• Mass and form   



Passive Architecture

¾Mass and form
    Reduce Insolation

     



Passive Architecture

¾Which is the best orientation?
    North – South ? East –West ?

     



Passive Architecture
¾ Sun-path Analysis
    

     



Passive Architecture
¾Shading

q       Self–shading 
q       Horizontal/ Vertical overhangs 
q       Motorised louvers / venetian blinds 

     



Passive Architecture
¾ Shading Analysis

     

Study of shadows and orientation at 
different times on 21st June.

At 09:00 Hrs At 11:00 Hrs

At 15:00 Hrs
At 17:00 Hrs



Passive Architecture

¾Optimize Window – Wall Ratio
§ Around 40% is ideal
§ Introduce spandrels
§ Punched windows
§ Fritting

    

     



¾Glazing       
q High performance glazing
q Trade-off between light and heat ingress
q Electro-chromic glass – dynamically changes properties

     

Building Envelope



Building Envelope

¾Wall   
§ low conductivity blocks 
§ Hollow blocks, flyash blocks, AAC blocks
§ Cavity walls

     

Fired Clay Bricks Concrete Blocks Hollow Concrete  
Blocks AAC blocks



¾Wall
     Insulation 

q Insulation materials - XPS, EPS, Rock wool etc

     

Building Envelope



1.5 1.31.6 0.8 0.7 0.4

0.4 W/m2  0K

0.4

a. 200mm CSEB
b. 230mm Brick
c. 200mm Fly ash Brick
d. 200mm AAC Block
e. 200mm Concrete Block with EPS balls
f. 150mm Fly ash Brick with 50mm Extruded Polystyrene (XPS)
g. 150mm AAC Block with 50mm Extruded Polystyrene (XPS)

*All wall assemblies have 25mm external plaster and 12mm internal plaster
Source: www.carbse.org

a. b. d. e. f.c. g.

Challenges for Energy Efficient Wall Assembly
Achieving U-value or Thermal Transmittance value as per standards

http://www.carbse.org/


¾Roof
     Insulation 

q over-deck / under-deck
q Insulation materials - XPS, EPS, PUF etc.  

     

Building Envelope



¾Roof
     Terrace Garden

     

Building Envelope



¾Roof
     Terrace Garden – mitigates Heat Island effect

     

42 Deg C

26 Deg C

Building Envelope



¾Roof
§ High reflective coating– mitigates Heat Island effect
§ Select roof coating /materials with high SRI value (SRI > 80)

     

Building Envelope



Key points:

● East and West facades are not shaded by

surrounding forms in critical period

● Need to provide shading on East and West 

facades  during critical months and times 

of the day (March  to June)

● North façade is exposed to summer sun. 

However ,  i t   i s  shaded by adjacent 

building and existing  horizontal shading 

devices of 750mm are sufficient.

● South façade is shaded in critical times in 
summer,

hence does not require shading in summer.

Solar Incidence
radiation in 
Summer

Solar Incidence
radiation in 
winter

Solar Incidence
radiation in 
Spring

Building Envelope – Shading Design – Case Study



Facade Design options considered

Vertical 
Shading  
Panel  
1.50mx3.00
m

Option 1 -
35% opening
65% shading

Vertical 
Shading  
Panel  
1.50mx3.00
m

Option 2 -
57% opening
43% shading

Vertical 
Shading  
Panel  
1.50mx3.00
m

Option 4 -
50% opening
50% shading

Vertical 
Shading  
Panel  
1.50mx3.00
m

Option 3 -
37% opening
63% shading



Shortlisted Shade Design for East & West

q Design of West façade to  
achieve shading in critical  
period of March to June

q M a t e r i a l  w i t h  l o w 
conductivity
to avoid heat absorption 
and  thermal bridging

q 65% shading achieved
to
maintain view factor



West Facade



Improvement in building envelope performance

19.17 18.15 17.09

11.21 11.21 11.02

25

20

15

10

5

0
Base case  

Considering only  
horizontal chajja  
over all windows windows on East Glass unit (DGU)  

and West facade for all windows

devices to frame with Double walling material system and  
Reedbed on roof

Step 1: Addition of Step 2: Installation Step 3: Addition of Step 4: Addition of Step 5: Addition of  
vertical shading of UPVC window Efficient external  Structural cooling Daylighting and

ventilation  
windows

OVERALL RETV

Net Heat Gain Reduced by 42% w.r.t. Base Case



Energy Simulation

¾ Design assistance tool & not only a design 
validation tool

¾ Assists Architects to quantify benefits of passive 
design strategies

¾ Compare performance of different building  
materials

¾ Evaluate various Energy Conservation Measures 
(ECMs)

¾ Submission to various Green Building Rating 
systems.

¾ Softwares: EQUEST, VisDOE, Energy Plus, IES etc.

     



Climate Analysis (Sun-path)

1

2

3
4

Case Study



Climate Analysis (Sun-path) Case Study



Climate Analysis (Shadow) Case Study



Climate Analysis (Solar Insolation) Case Study



ENERGY PERFORMANCE SIMULATION
NATIONAL CANCER INSTITUTE, 
NAGPUR



3D-MODEL OF PROPOSED BUILDING

GLAZING CONSIDERED

BUILDING AREA DETAILS:
Gross floor area : 6,45,228 Sq.ft
Conditioned area : 347,896 Sq.ft
Unconditioned area : 297,332 Sq.ft

- Floor level: 
1 basement, Mezzanine, G+ 6 floors
- Year: 2015



ENERGY SIMULATION (COMPARISON OF PROPOSED & BASELINE 
PARAMETERS)



With the AS IS case parameters, the project achieves 15.2% energy cost savings 
against ASHRAE
base line building and thus achieves 5 points for Minimum Energy Performance

EPI improved from 261 to 220 kW/Sq feet/Annum

ENERGY SIMULATION (COMPARISON OF PROPOSED & BASELINE 
PARAMETERS)



Energy Efficiency: Benchmarking

¾Not possible to incorporate all 
features in a project

¾ Constraints : Budget, Space etc.
¾ Follow Energy standards: ASHRAE 

90.1/ECBC
¾ Approach

q Prescriptive
q Whole Building Simulation

     



EPI & Benchmarking Approaches

• Internal Benchmarking : Where energy performance of a building is 
compared against its own previous performance over a period. 

• External Benchmarking : Involves comparison of energy performance of 
similar buildings against an established standard or baseline. 

EPI (Energy Performance Index) : 

- kWh/Sq m/Annum or kWh/bed/Annum w.r.t. the climatic conditions & type of 
hospital



Building Life Cycle Assessment



Building Life Cycle Assessment

Source: Thinkstep report 2017



Embodied Carbon 
(Low Carbon Materials Selection)

- Optimize ready-mix concrete design

- Recycled steel from low carbon plants

- Choose low-embodied-carbon finish 

materials

- Low embodied-carbon insulation



Building Material (Green Pro, EPD, Star Rating Program)



Case Study :A residential building with a floor area of 1500 sq.ft and a reference study period of 50 
years







Considerations (Usage phase)
§ Building is deigned for 50 years
§ Consumes 150 units per month (0.82 kg 

CO2eq / kwh)
§ No renewable energy installed
§ Have a capacity to offset 50 units per 

month through RE



Total emissions

§ Embodied energy emissions = 23816 
kg CO2eq
§ Usage emissions = 73800 kg CO2eq

Total Emissions: 97,616 kg CO2eq



Green Building Ratings : Energy points

        

     

Rating Energy Points Percentage of 
Overall points

LEED 19 17%

IGBC 15 15%

GRIHA 13 13 %



Energy Standards

¾ASHRAE 90.1

¾Energy Conservation 
    Building Code

§ Building Envelope
§ HVAC
§ Lighting
§ Electrical Power
§ Service Water Heating

     
¾BEE Star Rating – EPI (kWh/sq.m./annum)
¾AEDG 50% for Large Hospitals





Net Zero Energy Buildings

¾ Total energy used by a ZEB annually  is equal to the renewable energy 
generated at site

¾ Optimise Energy consumption to extent possible through design & 
operations

¾ Remaining energy from Renewable source

¾ Can be connected to grid or independent

     



71

Energy conservation is not merely
an Idea

It’s all about Execution…!

Thank You.!!!
Mukesh Suthar
+91-9867752131
msuthar@godrej.com


