Buildings:
how far can they take us In
mitigating climate change?
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Buildings are (the?) key to reaching ambitious
mitigation targets...
...but they can also lock us into high(er) GHG
concentration levels for many decades

more focus on retrofit is needed

Suboptimal retrofits and new construction are a
major climate risk

High performance buildings may also have ..

the largest co-benefits among mitigation ; e
options




The climate change mitigation
challenge
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In order to limit the impacts of CC, GHG
emissions have to be reduced significantly

Stabilizing global mean temperature 35

requires a stabilization of GHG Stabilisation targets:
concentrations in the atmosphere -> 30 E: 850-1130 ppm CO,-eq
GHG emissions would need to peak and W D:710-850 ppm CO;-eq

m C:590-710 ppm CO,-eq

decline thereafter (SPM 18 WG Ill) G % 8535590 ppm COpeq
The lower the target stabilisation level e B A2: 490-535 ppm CO,-eq
limit, the earlier global emissions have to é 20 m A1:445-490 ppm CO,eq
peak. g .

Limiting increase to 3.2 — 4<C requires W

emissions to peak within the next 55 3 10

years. E

Limiting increase to 2.8 — 3.2C requires = 5

global emissions to peak within 25 years.

leltlng global mean temperature 0O T R
increases to 2 — 2.4C above pre-

industrial levels requires global -

emissions to peak within 15 years and
then fall to about 50 to 85% of current
levels by 2050.

Multigas and CO, only studies combined




Probability distribution for the committed warming by
GHGs between 1750 and 2005.
Shown are climate tipping elements and the temperat  ure
threshold range.
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_E “even the most aggressive
a CO2 mitigation steps as

i envisioned now can only limit
further additions to the
E committed warming, but not
reduce the already committed
; GHGs warming of 2.4

degrees Celsius”
(Ramanathan and Feng 2008,
Atmospheric Environment).
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The later emissions peak, the more
ambitious reductions needed
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Buildings are key In climate
change mitigation
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The buildings sector offers the largest low-

cost potential in all world regions by 2030
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Few sectors can deliver the magnitude of

emission reduction needed

know-how has recently developed that we can build and
retrofit buildings to achieve 60 — 90% savings as
compared to standard practice in all climate zones
(providing similar or increased service levels)
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Buildings utilising passive solar
constructlon (“PassivHaus”)
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Few sectors can deliver the magnitude of
emission reduction needed

Novel methods developed for mitigation potential
assessment that considers buildings as complex
systems rather than independent sums of components

New scenarios are constructed under the Global Energy
Assessment, with co-funding from UNEP SBCI, that
reflect this new approach
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Final thermal energy consumption in the

world’s buildings, 2005-208160 x@ W=
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Opportunity or risk?
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The size of the potential lock-in effeiféct
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Panelfeldjitasi programban részt vev épuletek f tési fajlagos
h felhasznalasanak alakulasa
(city of Sz in Hungary)
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Source: Pajer Sandor, SZEPH  Zrt., KLIMAVALTOZAS - ENERGIATUDATOSSAG —-ENERGIAHATEKONYSAG. V.
Nemzetkdzi Konferencia, SZEGED, 2009. aprilis 16-17.
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The lock-imedfatt
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Sub-optimal scenario tor the tive regions: heating and
cooling final energy use development for scenarios using
sub-sttamdiad removatiom and comstiuciiom emengy
performance levels
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Final heating and cooling energy consumption
2005 — 2050, Western Europe

State-of-the-Art Scenario

Sub-Optimal Scenario
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Final heating and cooling energy consumption

2005 — 2050, Centrally Planned Asia

State-of-the-Art Scenario

Sub-Optimal Scenario
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Co-benefits - tHeeffesellumothwee
are paid to eat...

CENTER FOR CLIMATE CHANGE
AND SUSTAINABLE ENERGY PoOLICY

[y \,’.’“‘ " [}

74
4
%

CENTRAL EUROPEAN UNIVERSITY

Co-benefits of energy-etidicienb bilolicdigs) s

.




Energy saving

Investment vs.

potential CO , reduction potential savings
Energy
Energy | saving CO, Total Cumulativ
saving potenti CO, mitigatio | cumulativ | e energy
Business | potenti al in mitigatio | n e cost
-as-usual | al in | year Business | n potential | investmen | savings
in  year | year 2030 (% | -as-usual | potential [ 2030 (% |t (2011- | (2011-
2030 2030 of BAU) | 2030 2030 of BAU) 2030) 2030)
Billion Billion
GWh GWh GWh ktCO, ktCO, kt CO, Euro Euro
Suboptimal
accelerated 7 633 1 667 22% 1518 331 22% 1.82 0.97
Passive 1% 7 633 1518 20% 1518 302 20% 0.84 0.88
Passive
accelerated 7 633 5572 73% 1518 1108 73% 2.62 3.24
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In many countries, high-pgréryforaraece
buildings are not primarily a green,

but a social and economic agenda

Fuel poverty is widespread in Europe

According to a new study, app. 2500 lives are
lost in Hungary alone each year

By the UK definition, the average Hungarian
household is fuel poor (has spent 10.4% of its
disposable income on energy in 2007, it
probably worsened since then)

A widespread deep (!) building energy retrofit
program can eliminate fuel poverty



EE as an economic/social agenda:
employment and other economic  benefits

In energy-efficient buildings:
labor productivity rises by app. 6—16%;
students’ test scores shows ~20-26% faster learning

Influenza and cold rates can decrease by as much as 20%,
resulting in a USD10 bin/yr savings in US alone
better indoor environments related with building EE save annually in
the US $6 -14 bill.(reduced respiratory disease); $1 - 4 bill. (reduced
allergies and asthma); $10 - 30 bill. (reduced sick building
syndrome); and $20 - 160 bill. (direct improvements in worker
performance unrelated to health)
Employment: (local) job creation: Danish trade union study finds
twice higher employment intensity than for other mitigation options

a wide-scale renovation program can create app. 250,000 net jobs
In Hu alone (vs. the “1 million” estimated for the whole EU for the 20/20/20
target)

...and save 40% of Hungary’s natural gas import needs



Recommendations for SBCI to
consider focusing on

avoiding the lock-in: recommended specific
regional performance levels for state-of-the-art
new construction and retrofit

Quantification:

More study on the cost-effectiveness of deep
renovations (tunneling effect?)

Regionally specific quantification of co-benefits (in
monetary and other units)
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Supplementary slides



State -of -tihe -art scenario for the tive regions: heating and
cooling final energy use development for scenarios using
state-of-the-adrterovaatnraaddcosistrottion emengsgrgy
performance levels



The lock-imedfeantt, camse sttoly

Heating energy use in Hungarian public buildings

Source: Katarina Korytarova, draft
dissertation, 2009
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Direct and indirect employment impacts of a deep

Employment impact (  thousands of FTE)
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Az Gveghazhatasu gazok mérséklésének 203030-ra
becsult ssatitbyook&iti p pErodifd & KidohoD z
ston cozegKOltS€Qgkategoriakban, atmeneti gazdasagoklmkinan

1

Koltségkategoriak** (US$/IHCO2¢

0.9 ]
O0<20 0O<0 @30-20 mW20-100

0.8 —

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 —

Epliletek Ipar Mezgazdasag Energiaellatas Erdészet Hulladék Kozlekedés
* Az éplletek, erdészet, hulladék és kozlekedés teriiletein 3 kategdridbazea a potencial: negativ nett6 koltség, 0-20 US$/E3Q0- 0
100 US$/tCQ. Az ipar, mezgazdasag és energiaellatas teruletein 2 kategoriaba van osztva$20@ alatt és 20-100 US$/IHCO ts
02.



Quantified non-eaaegy\pbaaéfgobbbiidoigg
energy-efimeEmny mageams (1/5)




Quantified non-eaaeyy\pbapeidDOT
building energy-etiiciecy y rog@gans $4/24b )



Quantified non -energy benefits of
building energy-etiiciecy p mro@gans $3/5/b)




Quantified non -energy benefits of
building energy-etiiciecy y rggnans $44b )




Quantified non-eaaeyy\pbapeidDOT
building energy-etiiciecy p mrog@gans $55b)



Example of savings by

reconstruction

# 0 $
&' $ % $

% %

or *+, 0 *+,

Source: Jan Barta, Center for Passive Buildings, www.pasivnidomy.cz, EEBW2006



Ecofys (Hermelink:
How deep to go?) 2009 finds:

For new buildings a primary energy level of appr. 140
kWh/m2a for space heat, DHW, household electricity
and embodied energy,

~ the primary energy requirement for passive houses.

From an energy life-cycle perspective [Hermelink 2006]
analyses which renovation level should be achieved in
order to be better than a rebuild option. He concludes
that “taking sustainability seriously, a space heat
consumption between 25 and 40 kWh/m2a should be
aimed at” in renovation.

= savings of



Characteristics of stabilisation
scenarios and the emission
reduction needs

Source: IPCC AR4, WGIII, Table SPM5
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The climate change mitigation
challenge



The later emissions peak, the more
ambitious reductions needed

Source : Meinshausen et al 2009



Building sector: global importance

In 2004, in buildings were responsible for app. 1/3 of global energy-
related CO, (incl. indirect) and 2/3 of halocarbon emissions

GHG emissions from buildings in 2004
(in Gt CO2 equivalent)

total energy-related Energy-related
CO,, 8.6 Gt, 81% direct COs,,
3 Gt, 28%

CHy, 0.4 Gt, 4%

N»O,
0.1 Gt, 1%

Electricity-related
indirect CO»,
5.6 Gt, 53%

Halocarbons,
1.5 Gt, 14%




The Global Energy Assessment:
Background aaddppuppsese

The Global Energy Assessment aims at providing (a)
blueprint(s) for the world how energy-related

social, environmental, geopolitical and other challenges
can be addressed this century

We all know that buildings are the key pillar to such a
future, but how much?

GEA constructs new scenarios (complementing IPCC-
type scenarios) that attempt to take advantage of the
really large and novel opportunities in buildings, hard-to-
model by existing modeling frameworks

UNEP SBCI is a partner to further GEA efforts in the
buildings scenarios (and WB is partner in GEA)



Assumes that the world’s building stock will transform over to
today’s known (and built) cutting edge in architecture

At the most affordable cost
At the natural rate of building construction and retrofit

Taking into account capacity and other limitations, but assuming
ambitious and supportive (not financially but legally) policy
environment.

The main pillars of the model are existing best practices

Best practice from and energy and INVESTMENT COST perspective
as well

The world’s building stock is broken down by regions, climate zones
and 3 building types

Model eradicates energy poverty well before 2050, i.e. everyone
has appropriate thermal comfort energy services by 2050
several scenarios planned:

Very high efficiency with different modalities; +building-integrated
renewables; +behavioural change



Final thermal energy consumption in the

world’s buildings by region, 2005- 20&2(0)5%
1.4%/yr retrofit rate




Buildings are key to climate change mitigation in each world region

Substantial opportunities exist; as much as of 2005 final
thermal energy consumption can be eliminated by 2050 by building
codes, while living standards increase as BAU and energy poverty
eliminated

To reach ambitious values:
Building codes need to be universal and fully implemented
Most advanced (low-cost) know-how needs to be mandated
Construction industry needs to gear up soon (in app. a decade)
, hot only newbuild

2050 emissions extremely sensitive to ; energy savings for
retrofit rate for rate!!
Major lock-in risks exist
Suboptimal retrofit represents major climate lock-in risk

Present trends can lock in (increasing
achievable low levels by for many decades

Suboptimal retrofits should not be supported; rather wait if
complex, deep retrofit is not possible yet



Panelfeldjitasi programban részt vev épuletek f tési fajlagos
h felhasznalasanak alakulasa
Székesfehérvar
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“EU buildings - a goldmine
for COZ2 reductions, energy security, job
creation and addressing low income population

problems”

Renewable Energy
Fossile Energ

Before SOLANOVA

Source : Claude Turmes (MEP), Amsterdam Forum, 2006
More on Solanova: www.solanova.eu



Estimated potential for GHG mitigation at a sectora |
level in 2030 in different cost categories, transition
Gton COZeq. economies
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Estimated potential for GHG mitigation at a

Gton CO2eq.
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Buildings sector: regional
Importance

In 2030: the share of building-related emissions in global will stay at
approximately 1/3 of energy-related CO2

CO2 emissions including through the use of electric ity, A1B scenario



How far can buildings take us?
Recent research advances



