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The first conundrum that had us scratching our heads:
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plucked for so long; how can wivin solutions have no takers

There is some intelligence In the bgiitace ecosystem that we
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So lets stop secormgliessing what théuilt-space ecosystem

needs to become sustainaHlbg-default, forcefitting our
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go straight to the source
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accumulation and commodification (the predatory capitalism that got us

here) is unlikely to get us out of here. Human survival cant hinge on

revenue models and business plans alone
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What are the issues?
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the Head T Environment, Economy, Education, Profession



- the Head - Economy

Figure 2. Building Energy Consumption in India
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- the Head - Economy

India's AC Stock Projection - 2015 to 2035
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- the Head - Economy

U In a BusinesAsUsual Scenario, energy use from Indian buildings ~
U Residential building energy consumption ~ 8 fold increase

ENERGY USE PROJECTIONS BY 2050
PER POLICY SCENARIO
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5 fold increase between 2012 and 2030

BUSINESS-AS-USUAL SCENARIO

» NO new policy or market developments,
and no oir conditioning or oppliance
efficiency Iimprovements since 2012

(reference year).

MODERATE °
» Implementation of Energy Conservation
Building Code (ECBC) stondards, low
penetration and mogerate air conditioning

and gppliance efficiency iImprovements

AGRESSIVE SCENARIC

» Penetration of 50% by ECBC and 10% by
ECBC+ enveiopes in new buildings by
2050 as o resull of gggressive policy
efforis. air and

High conditioning

applionce efficiency improvements,

VERY AGRESSIVE SCENARIO

» Penetrgtion of 30% ECBC+ envelops

generally, and @ 40% penetration of
ECBC+ envelops in new buildings by
2050,

appliance efficiency improvemenis.

Very high a@ir conditioning and
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the Head - Economy
Impossibility of Green Growth

U highly questionable whether the required drastic GeiGissions reductions are really achievable
under the prevailing growth paradigm

U global carbon intensity of production fell from around 1kg/$ of economic activity to just 7709/$ (i.e. by
23 per cent) in 28 years (1980 to 2008); 0.7 % per annum drop)

U If recent trends of global population (at 0.7 % per year) and income growth (at 1.4 % per year)
extrapolated to 2050, carbon intensity would have to be reduced to 36 gC@P248]d reduction Iin
global carbon intensityto limit global warming to 2 degrees

U Allowing developing countries to catch up with the present level of GDP per capita in developed
nations =130-fold reduction in global carbon intensitypy 2050



- the Head - Economy
Impossibility of Green Growth

Figure 1.1 Development of the carbon intensity of GDP, 1980 to 2050
Source: Jackson, T (2009) Prosperity without Growth: Economics for a Finite Planet,
Earthscan, London
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the Head - Economy

The efficiency illusion: the rebound effect

U Despite efficiency improvements, our society has significantly reduced neither the
number of hours worked nor the resources used, not in total and not per capita.

U Rather, efficiency gains have fuelled increased consumption. An economic system
devoted to profits, accumulation, and economic expansion without endewnd to use
any efficiency gains or cost reductions to expand the overall scale of production

U Conservation in the aggregate is impossible for capitaljsmowever much the
output/input ratio may be increased In the engineering of a given product. This IS
becauseall savings tend to spur further capital formation



the Head - Economy

Pay-backs and Shortermism

1. Ethicalto subject raiawater harvesting systems to strict payback scrutiny, while not
guestioning the payback period of rasmower heads?

2. Payback period of BusineasUsual is Infinity not Zero

3. Incongruity of longerm sustainability aspirations and shddarmism payback:
nothing In nature and society pays back in 2 years



~ the Head - Environment

Direct
measurements
Ice core data Projections
_ . . . ‘n bA ppm
Source: Vital Climate Graphics based o t he PC os1oogh|rd Assessment

Copyright © 2005: UNEP, UNEP/GRID-Arendal

900
800
700
. 600
500
Past and future CO2 atmospheric concentrations
400
3004—— - —- 3 T - 300
200+ F 200
100- | r 100
0- | ] ‘ 1 . . L] l | L] | 4 r 0
1000 1200 1400 1600 1800 2000 2100



~ the Head - Environment

Refrigerants Should Be Measured On Life
Cycle Performance - TEWI Or LCCP

Indirect
Global

Warming

10%
Global Warming
Impact Refrigerant Energy
Leakage Consumption
* Leak During Life * Energy Used During Life
ddine Thi y ’ * End Of Life Recovery Leak * Source Of Energy
CA | 'Eig T LS Ta :5 tLite * Leak During Production * Embodied Energy Of All

ycle 'mﬂ;c;‘: ormance, Material Used For Manf.
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~ the Head - Environment

Increased Refrigerant Emissions

R410Ac R32/R125% 50:50 HFC 2088
R22¢ ChloroDifloro Methane HCFC 1810

R134Ac ChloroDifloro Methane HFC 1430
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~ the Head - Environment

Increased Refrigerant Emissions

Growing HFC emissions

This graph shows that o
Global ODS and HFG emissions

while CFC and HCFG 10 | . | .
emissions go down (the - GWP-weighted (100-yn)
ight-blue blocks), HFC - HFCs

81 HCFCs -

emissions (the light-
brown block) will overtake
them by around 2025,
and rapidly increase up
towards 2050.
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SOURCE: Velders et al, 2009



~ the Head - Education

The growth rate of architecture
colleges is formidable; architecture
colleges increased from 174 in 2010
to 416 in 2015

Source: State of Architecture Exhibit
& Book, Mumbai 2016



~ the Head - Profession

Source: Council of Architecture (https://www.coa.gov.in/index1.php?lang=1&level=1&sublinkid=376&Ilid=330), GRIHA
(nttp://www.grihaindia.org/?t=griha_community&#&GRIHA Community), IGBC (https://igbc.in/igbc/)



the Head - Industry
Green Building Rating Systemdnough?

Total Bullt
Space: 44
Billion sq. ft.

Green Built
Space: 1.8
Billion sq. ft.

(4%)

Source: http://www.grihaindia.org, https://igbc.in, ClimateWorks Foundation, April 2010, LBNL India Energy Outlook, 2010, Energy Conservation and Commercialization (ECO-III), June 2010



http://www.grihaindia.org/
https://igbc.in/

the Head - Education & Profession

In 2017
|l ndl aos 423 Archi t e d#t000studetes Withe g e
deficient skills In designing environmentally responsible buildings

In 2017
Of I ndi ados 61, 386(2,%b)arb cettibec green o0 n |
building professionals, and even fewer possess sophisticated
analytical skills to designing environmentally responsible buildings

In 2030
AC GHG Emissions from India ~ 338 Million Tonnes COZ2e per year

~ 1.35 Billion Trees required per year?

1. Fairconditioning analysis



the Heart 1 Responsibility, Justice, and Ethics



the Heart - Ethics

A typical Split-Unit AC in India ~ 24 ceiling fans?

41 million AC users cause power cuts depriving 25-fold the number
of persons of power to operatefansdur i ng | ndi aodos h

1. A1.5 TR, 3-Star Split AC consuming approximately 1200 W equals the power consumption of 24 fans consuming 50 W each



~ the Heart -Responsibility

2 Ké AayQi 9y A NERY YBuflic Health and Sadety?2 O NS |

Structural
Safety

(YUP)

Environmental

Fire Safety Safety

(YUP) (EN)

Thoughtful
Architecture




the Heart - Responsibility

Responsibility tob& NB | £ A0 A OQY
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Perhaps the time has come i@ It the
yas though it were a
lobbying effort outside the mainstream of
human activity, and te It the
O ¢

- EdwardO.Wilson



the Heart - Responsibility

The past has a lobby, =
UKS FdzUdzZNE R2 S a



the Heart - Responsibility

{ K2dzZ RY QU ¢S 0S W/ 2yaSNI (.

O2 dzf Ry Qu indvr&:ct Elas¥fizaNIsf those calling
for environmental reform. are fighting to

®@ ¢KSeQNBX FAIKIGAYI (G2 YI A
the human condition, ana
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who are and
the with total awareness

that they are destroying it in the process, ?

- Bill McKibben, 350.0rg



the Heart - Justice
Howida WSY JANRYYSWIaFdar a3 S NG OK

Virtually all infrastructure and industrial projead$rom mining to thermal and [hydro] and
nuclear power to cement or steelare under attack today from local communities who fear
f2aa 2F tAQOSftAK22Ra®d ¢KSaS O2YYdzyAuASa 0?2

movement. They are its warriors.

But for them g/fixing the problems of growth, but of
survivalg fixing growth itself. They know that when the land is mined and trees are cut, their
water source dries up or they lose grazing and agricultural fields.

They know they are poor. But they are saying, loudly and as clearly as theyean,
cThis Is called the

- SunitaNarain CSE, January 2011 issue Business Standard



~ the Heart - Justice

Vulnerable Hegiun Migrant Levels in 2100
West Bengal ~10  million
Coastal Maharashtra (around Mumbai) ~10-12 million
Coastal Tamil Nadu ~10  million
Coastal Andhra Pradesh ~B6 million
Gujarat ~5.5 million
Coastal Orissa ~4 million
Western Rajasthan ~1.4  million
Northern Karnataka ~1.3  million
Madhya Pradesh ~1.2  million
Interior Maharashtra ~1 million
Northern Andhra Pradesh ~1 million
Southern Bihar ~1 million

TABLE 3.
REGIONS IN INDIA THAT WILL LIKELY EXPERIENCE THE HIGHEST LEVELS OF OUT-MIGRATION DUE TO SEA LEVEL RISE AND DROUGHT/GLOBALIZATION.

GI_IMA GHANTS |N sul"'H ASIA: Department of Humanities and Social Sciences,
ESTIMATES AND SOLUTIONS

Indian Institute of Technology Madras.



the Hands 1T Targets, Solutions, Policies, Finance



~ the Hands

Simplified Ecosystem Diagram

Beginning Middle-of- End-of-
-of-pipe pipe pipe




- the Hands - Targets

National
Action Plan

for Climate
Change

Global GHG Mitigation GOAL

- 50% reduction by 2050 to restrict temperature
rise to 2 deg C

- 15 billion tonnes of C02e reduction per year

Indian Commitment to UNFCCC @ COP21
- 33-35% reduction in GHG emissions relative
to GDP from 2005 levels by 2030

Indian Commitment to Montreal Protocol @ Kigali
- Freeze HFC consumption by 2028

- Emission Cuts Timeline (2024-26 baseline):
20321 10%

20371 20%

20421 30%

20471 85% (plateau)



NDCs

- the Hands - Targets

0 N® of countries 193
Global Alliance for e
- N® of countries 193

Buildings in Construction

Building Energy Certification

Nearly 90 countries have now 84

Included building sector actions In .  of countrie o
their Nationally Determined Space Heating
Contributions(NDCs)and a coalition

of over 90 statesand non-state actors g Ermissions with policy coverage (MtCO,) 2817
have formed the Global Alliance for >pace Cooling

Buildings in Construction To date —

Alliance partners and their Dwm._ar Heaﬁ:“‘”"”““ Polly coversge (HC0. .

affiliates have launched over 1300 379
building related climate actions.

=

Emissions with policy coverage (MtCO_} 1114

Lighting
Source: http://www.globalabc.org/

732

=

Emissions with policy coverage (MtCO_) 11564



~ the Hands - Targets
Global Nationally Determined Contributions (NDC)

Figure 7/ NDC actions including building and energy efficiency commitments

Mo known NDC
NDC

® NDC with energy efficiency
or building commitment

® NDC with energy efficiency
and building commitment

This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boudaries, and to the name of any territory, city or area.

Source: http://www.globalabc.org/



-~ the Hands - Solutions

There are a
thousand
alternatives (TATA)

There IS no alternative
(TINA)

(M. Thatcher) (Grassroots Post-

Moderns)




Solutions

PASSIVE
BUILDING
DESIGN

STANDARDS
& LABELING

Building EPI from 125 to
60 kWh/m?/year
AC Efficiency from 1.5 to
0.75 kw/Ton

DEMAND
RESPONSE
READY
SYSTEMS

LOW

ENERGY
COOLING
TECH.

BUILDING
ENERGY
CODE

ADAPTIVE
THERMAL
COMFORT

Building EPI from 250 to

125 kWh/m?/year
AC Efficiency from12 to 3
25 m?/Ton Building EP| from 60 to
30 kWh/m?/year
AC Efficiency from25 to
50 m%/Tonand 0.75 to
RENEWABL SOLAR 0.4 kW/Ton

ENERGY,
TRIGEN COOLING

@ fAIR CONDITIONING ~ “E&J2]

Alliance for an™
*@? NRDC %Ener icient
NATURAL RESOURCES g
DEFENSE COUNCIL Economy

SHAKTI CEPT
SosavoLs ener C:)clasp ILCLEI UNIN/ERSITY




-~ the Hands - Solutions

Application of thoughtful design principles (building & systems) = 70% reduction of cooling energy

JOU Cool roofs (5%)

300 |

Building design (9%)

Adaptive thermal

200 comfort (9%)
600
Room AC Eff o GWP
.__:3_.-5'[3“ improvement ) D:'H )
= indirect (2%)
2050 BAU (34%)
E 400 District cooling
' (3%)
300 kit -

Central HVAC
200 + Other EE
improvement 2050 Goal
100 (8%)
0

Source: LBNL, Smart and Sustainable Space Cooling Alliance, Alliance for an Energy Efficient Economy, 2016



the Hands - Solutions

Potential
Average office building Best-in-class office building
U 250 kWh/m2.year U 60 kWh/mZ2.year
U 14 Rs/ft2.month U 3.25 Rs/ft2.month
U 1400 Rs/employee/month U 325 Rs/employee/month

Even just 25% of the Energy Efficiency opportunity Is worth:
V 2.5 Rs/ft2.month
V 250 Rs/employee/month

Confidential Property of Schneider Electric



~ the Hands - Solutions

Potential

Infosys Pocharam SDB 1 and 2:

U Orientation, shading

Daylighting, high performance glazing, high efficiency lighting

Radiant Cooling

1 conventionally air-conditioned wing, 1 radiant cooled wing

Radiant cooled wing operating at 80 kWh/m24/year (business as usual i1 250-300
kWh/m?/year)

No added construction cost

c: ¢ C:: C:

c:




the Hands - Solutions

Vo S o N

U Energy Consumptioof S Y O AbS8ildings50%-< than conventionalbuildings

U Workers in green certified buildings score 26.4% higher on cognitive function test
and have 30% fewer sick building symptoms than those iraeotified buildings?

U Doubling the ventilation rate from ASHRAE minimum cost $40 per person per year

but improved the performance by 8%; $6500 increase in employee productivity eac
year*?

*1 SourceMacNaughtonP, Satish U, Laurent J&@&niganS,VallarinoJ,CoullB,
Spengler JD, Allen JG, The impact of working in a green certified building on cognitive function and health, BuildimgrandrE(2016)doi: 10.1016/).buildenv.2016.11.041

*2 Economic, Environmental and Health Implications of Enhanced Ventilation in Office Buildinga&hersghton James Pegues, Usha Satish, Susasttanam John
Spengler and Joseph Allen, Int. J. Environ. Res. Public Health 2015, 12472209 01:10.3390/ijerph121114709



~ the Hands - Policies

SUSTAINABLE AND SMART SPACE COOLING

CoaLON 8|

AEEE with support from Shakti Sustainable Energy Foundation
(SSEF) has taken the initiative to form the Sustainable and Smart

Space Cooling Coalition with twelve leading non-profit organizations
and research institutions.

Our Members

Allionce for on CEPT \
Energy Efficient : -
888 UNIMERSITY @W ’

;‘:s'd.ﬁ.'él!WC_\@clasp [CLE]

FOUNDATION
;'.é. o |
¢ OF
"thoog
fAIR CONDITIONING -l

Source: http://lwww.aeee.in/buildings/sustainable-and-smart-space-cooling-coalition/

NRDC

IAWIM. RESOUNCHS
DEFINSE COUNnCIL




the Hands - Finance

Source: https://www.kfw-entwicklungsbank.de/PDF/Entwicklungsfinanzierung/L%C3%A4nder-und-Programme/Asien/Projekt-Indien-
Energieeffizienz-NHB-2016-EN.pdf



