DAYLIGHT &
ARCH!
MAGAZINE BY
VELLX

AUTUMN 2009 ISSUE12

VELUX-

DAYLIGHT &
ARCHITECTURE
MAGAZINE BY
VELUX

Publisher

Photography

Michael K. Rasmussen

VELUX Editorial team

Per Arnold Andersen
Christine Bjgrnager
Lone Feifer

Lotte Kragelund
Torben Thyregod

Editor, Institut fiir Internationale
Architektur-Dokumentation

Jakob Schoof

Translation

Sprachendienst Dr. Herrlinger
Michael Robinson
Dr. Jeremy Gaines

Re-write

Tony Wedgwood

Art direction & design

Stockholm Design Lab ®

Per Carlsson

Nina Granath

Bjorn Kusoffsky
www.stockholmdesignlab.se

Torben Eskerod and

Susanne Wellm

except images on p.103-104, 107
by Getty Images

Website

www.velux.com/da

E-mail

da@velux.com

Print run

50,000 copies
ISSN 1901-0982

The views expressed in articles
appearing in Daylight & Architec-
ture are those of the authors and
not necessarily shared by the
publisher.

© 2009 VELUX Group.

® VELUX and VELUX logo are
registered trademarks used under
licence by VELUX Group.






At present, the total primary en-
ergy consumption of the world is of
the order of 480 exajoules! per year,
amounting to a constant power de-
mand of 16 Terawatts? This con-
sumption is not distributed equally,
with rich industrialised countries
such as the United States of Amer-
ica using almost 22% of the planet's
energy with only 5% of its popula-
tion. Growing economic powers
China and India are rapidly increas-
ing their demand for energy with a
combined consumption now exceed-
ing that of the United States, sug-
gesting that the current worldwide
figure is headed for a strong growth.
The US Energy Information Agency
anticipates that worldwide demand
will reach 23 Terawatts by 2030
and trend to 28 by 2050. Over three
quartersofthe growthisexpectedto
take placeinnon-OECD countries, oc-
curring primarily in commercial and
transportation sectors.
Unfortunately such ‘official’ pre-
dictions by national and interna-
tional agencies also anticipate that
the bulk of this growth will be met by
coal, with renewable energies play-
ing only aside role. However, a funda-
mental look at the energy resources
of the planet suggests that this busi-
ness-as-usual outlook may be both
short-sighted and unrealistic.

MEETING ENERGY
DEMAND

There are two ways to meet world-
wide energy demand and its antici-
pated growth:

1. On the demand side, by acting to
reduce, and eventually reverse, the
growth rate, using conservation
and increasing efficiencies: e.g. bet-
ter engines, higher efficiency light-
ing, better insulation and avoiding
unnecessary waste; in a few words:
smarter, better and smaller. The
McKinsey report on climate change®
indicates that over 40% of the con-
sumption of major consumers like
the United States could be met eco-
nomically by smart conservationand
efficiency alone.

2. 0n the supply side, by tapping ex-
isting and new resources capable
of meeting the demand remaining
after conservation. Table 1 shows
the current contribution of differ-
ent resources to the planet’s supply-
side needs.

RENEWABLE OR
FINITE RESOURCES?

The figure on the opposite page com-
pares the one-year potential supply
of renewable resources against the
finite reserves of conventional en-
ergies.

Fossil fuels: apart from their envi-
ronmentalimpacts, Figure1suggests
that the recent 'boom-bust’ volatili-
ties in oil and gas markets are early
symptoms of their finiteness when
demand begins to outstrip supply.
As for coal, while reserves are vast,
they are not infinite and would last
at most a few generations if this be-
came the predominant fuel, notwith-
standing the environmental impact
that will result from such exploita-
tion if now elusive ‘clean coal’ tech-
nologies do not fully materialise.

Nuclear energy is not the global
warming ‘silver bullet’ claimed by
some. Reserves of uraniumare large,
but they are far from limitless. Set-
ting aside all the long term environ-
mental and proliferation unknowns
associated with this resource, there
would simply not be enough nuclear
fueltotake overtherole of fossil fuels

- the rise in the cost of uranium that
paralleled, and even exceeded, that
of oil from 1997 to 2008 is sympto-
matic of this reality. Of course this
statement would have to be revisited
ifanacceptable breeder technology
or nuclear fusion became deploya-
ble. Nevertheless, short of fusion
itself, even with the most specula-
tive uranium reserves scenario and
assuming deployment of advanced
fastreactorsandfuel recycling®, the
total finite nuclear potential would
remain well below the one-year solar
energy potential.

The solar resource: it is plainly evi-
dent that the magnitude of the solar
resource dwarfsany other finiteand
renewable resources. The yearly, in-
definitely renewable supply of solar
energy received by the emerged con-
tinents alone is more than 30 times
larger than the total planetary re-
servesofcoaland1,500 times larger
than the current planetary energy
consumption.

The solar resource is well distrib-
uted and widely available through-
out much of the planet. It is of course
more abundant in the tropical belts
than it is in the temperate zones®,
but consider that even such a mod-
estly sized, northern, and sometimes
cloudy country as Denmark receives

atotal of nearly 5 TW-year worth of
solar energy every year, that is one
third of the energy consumption of
the entire planet.

It is widely believed that deploy-
ing solar energy on a massive scale
would utilise too much space. Nothing
could be further from reality: assum-
ing a 30% solar-to-useable energy
conversion rate (certainly achievable
by 20507), less than one half of one
percent of the emerged continent’s
area would be sufficient to produce
all the projected energy used by the
planet. Thisisanareasmaller thanthe
earth’s currently [sub]urbanised land

-and muchofthe urbanised landscape
can be used for solar harvesting with
very little visual or operational im-
pact. Consider the city of New York,
forinstance, arguably one the densest
energy demand hubsonthe planet: to-
gether with smart demand-side op-
erational efficiencies, New York City
could certainly be solar self-sufficient
electrically by 2050 using only 20%
of its surface, i.e. the size of its cur-
rent roof space.

Another interesting point of ref-
erenceistocontrast solar generation
arearequirements with hydroelectric
artificial lakes. In the United States,
for instance, artificial lakes oc-
cupy 100,000 square kilometres of
flooded land to produce only 7% of
the country’s electricity. By contrast,
with 30% PV efficiency, under two
tenths of that flooded space would
be sufficient to produce all the elec-
tricity in the US.

Other renewables: how about wind
power, hydropower, biomass/biofu-
els, marine currents, waves, ocean
thermal energy conversion (OTEC),
geothermal, and tides? First it is
worth noting that, with the excep-
tion of tides and geothermal, all the
renewable resources are second
and third-order by-products of in-
coming solar energy - just as fossil
fuelsare by-products of solar energy
stored in the earth over millions of
years. These renewables are, indeed,
concentrated forms of solar energy,
which makes them more economical
to exploit in the short run, especially
hydropower. As such they will have
an important role to play initially.
However, as by-products, their po-
tential is considerably smaller than
that of the primary solar resources.
Wind energy could probably sat-
isfy all of the planetary energy re-
quirements with some roomto grow
if exploited to a substantial portion
of its potential, but none of the other
renewables, alone, could. The cur-
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rent explosive growth of the wind
power industry - the largest in-
stalled incremental electricity gen-
erating capacity in 2008 in OECD
countries - is certainly an expres-
sion of this potential and of the re-
source's current economic advantage
over direct solar energy conversion.
Hydropower is nearly maxed out in
most OECD countries, with some
good opportunities left in the rest of
the world (e.g., the Mekong river in
south-western China), but the envi-
ronmental price of further develop-
ing this resource is not trivial. OTEC,
marine currents, and tides also cer-
tainly offer promising localised eco-
nomic opportunities. However, these
resources are not scalable to levels
that would satisfy planetary energy
demand, while the environmental
side effects of their massive exploita-
tion could be far-reaching. Concern-
ing biomass and biofuels, the rise in
food cost that paralleled the 2008
risein oil prices is symptomatic of the
underlying reality that crops for en-
ergy, while certainly providing lucra-
tive opportunities for some, cannot
become areplacement to fossil fuels.
Biofuels will certainly have a role to
play, but will have to be reserved for
those applications where highenergy
density liquid fuels will remain una-
voidable for the foreseeable future
such as air transportation.

A COMPREHENSIVE
RENEWABLE
ENERGY SOLUTION

While stressing that demand-side
conservationand efficiency areanin-
herent part of any solution, a nearly
100% supply-side renewable future
for the planet is not inconceivable.
Given the size of the finite reserves
and the size of the renewable solar
supply, logic alone would say that
such a future is inevitable.

Beyond conservation and effi-
ciency, a comprehensive solar ap-
proach will first involve maximising
the utilisation of the direct end-use
solar applications which have the
highest on-site solar-to-application ef-
ficiencies: hot water, daylight, passive
heating and passive cooling where cli-
mate permits.

But the key will lie in electric-
ity generation via any of the leading
direct solar technologies - PV and
concentrating solar power (CSP) -
supplemented initially by indirect
solar technologies (wind, smart bi-

WORLD ENERGY USE
16 TW-YR PER YEAR

TIDES!
0,3PERYEAR

WAVES"
0,2-2

GEOTHERMAL"
0,3-2PERYEAR

HYDROV
3-4PERYEAR

BIOMASSY
2-6 PERYEAR

OTECV
3-11PERYEAR

WIND"
25-70 PERYEAR

SOLAR™ 23,000
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The available solar energy
exceeds the world's energy com-
sumption by a factor of 1.500.
Fossil fuels like oil and coal alone
could fulfil our energy needs for
another three or four genera-
tions, but would do so at a con-
siderable environmental cost.

NATURAL GASY™
215TOTAL

PETROLEUM'™
240 TOTAL

URANIUM™
90-300 TOTAL

COALVM
900 TOTAL RESERVE




omass), and in the development of
creative solutions and infrastruc-
turesto serve the energy, transform
it, and store it as needed to meet all
end-uses.

Infrastructure: two very distinct
infrastructural models are envis-
ageable:

1. Local, decentralised produc-
tion of solar-derived electricity near
points of utilisation - largely using
PV, but also wind, taking advantage
of available space - particularly
space that can be used for solar har-
vesting in addition to a primary role
like building envelopes, industrial ex-
clusion zones, transportation right
of ways, etc. The resource is large
enough in almost every part of the
world to fulfil most needs. How-
ever, a considerable technological
challenge will have to be addressed
because the largest renewable re-
sources (solar and wind) are inter-
mittent and vary seasonally. Smart,
interactive electrical load manage-
ment and energy storage technol-
ogies will have to undergo a fast
development phase.

Themainattraction of thisdecen-
tralised deployment model is that it
would result in indigenous, highly-
secure, and robust energy pathways.
Because of the decentralisation of
production, demand management,
and storage operation, the failure of
any one decentralised unit, with built-
in minimal stand-alone operation ca-
pability, would be insignificant.

The storage panoplies that will
have to be developed will range from
very short-term technologies (ca-
pacitors, flywheels, batteries, load-
demand response) to mid-term (e.g.
interactive electric/hybrid cars®
load/backup management), to long-
term (e.g. flow batteries, hydrogen,
compressed air)

2. Atthe other extreme are conti-
nental, and possibly planetary, super
power grids. The basic ideas behind
this vision are that some places on
the planet receive more solar energy
than others (e.g. subtropical deserts)
and that the average solar yield of
the entire planet is nearly constant
(i.e.itisalways sunny somewhere on
planet Earth). There are conceptual
proposals on the drawing board in
both Europe and in America® consid-
ering thistype of solar energy deploy-
ment. The approach will necessitate
the development of very high volt-
age, highly conductive super power
lines and, more importantly, will ne-
cessitate a strong and tacit agree-
ment between all involved parties

and countries to maintain and pro-
tect such a network.

The future will likely be acombination
of both fully decentralised systems
and subcontinental-scale networks
withcentralised generators. Thegood
thing is that the two approaches are
not incompatible and could even be
complementary. Large corporations
and utilities will probably prefer cen-
tralised applications because of econ-
omy of scale and similarities with the
current electric production/distribu-
tion system. In this scenario, wind
energy - largely centralised, or semi-
centralised by nature!® - will play a
major role initially. Ultimately, the
decentralised systems should flour-
ish and prevail as technology costs
fall,and, more importantly, the value
and resiliency of on-site generation
can be fully captured. As discussed
below, the costs of producing clean
renewable energy and its value are
still largely disconnected entities in
the current business environment, al-
though this questionis already being
addressed in some embryonic form
via incentives such as feed-in tar-
iff (FIT)! legislation proposals pat-
terned after that of Germany, with
highest value given to decentralised
solar applications!?.

Serving all energy needs from re-
newables: because of the univer-
sal nature of electricity produced
by direct and indirect solar technol-
ogies, the great majority of energy
demand sectors will be adequately
served, albeit with some adaptation/
evolution. Transportation in partic-
ular currently relies on fossil liquid
fuels. A shift to renewables will re-
quire particular attention but the
taskis notinsurmountable: by 2050,
ground transportation will have be-
come largely electrical through in-
crease of electric rail-based mass
transportation, the advent of all-
electric vehicles and plug-in hybrids

- e.g. spearheaded by projects such
as BetterPlaces!* designed from
the onset to exploit renewable en-
ergy -and new conceptssuchas Per-
sonal Transportation Networks™. It
is also possible to produce fuel, or
fuel equivalents, derived from solar/
wind electricity - hydrolysis of hy-
drogen being the most familiar, if not
the most promising, method. The so-
called ‘second generation’ biomass
should be reserved for the remaining
applications that could not easily rely
on electricity directly or indirectly,
such as air transport and, to alesser
extent, water transport.

Areality-check check -the growth
of the wind and solar industries: a
quick look at the direct and indirect
solar industries that are fast emerg-
ing throughout the world today indi-
catesthat the 'big-picture’ renewable
visionsdiscussedinthisarticlealready
have a strong head start. Consider-
ing the growth of PV, wind, and CSP
aloneoverthelast tenyearst>and pro-
jecting this growth rate in the future
indicates that the majority of the new
electric generating capacity installed
in the world will come from renew-
able resources in less than 20 years.
Thisgrowthrate may not be quite suf-
ficient yet given the fossil energy de-
pletion and environmental pressures,
but it is already impressive; and sug-
gests that when additional countries
and decision-makers become aware
of the need for a fast transition, a
rapid renewable takeoff and switch-
over is not pie in the sky but a likeli-
hood -and rapid change of awareness
is taking place here and now. For a
long time confined to visionary lead-
ers such as Germany, Denmark or
Japan, the drive for renewables that
caughtupintherest of Europeis now
gathering momentum in the United
States, driven by a new administra-
tion. At the same time, China, which
became the world's largest PV pro-
ducer in 2008, edging Germany out
of first place, hasjust adopted amajor
upward revision of its renewable en-
ergy deployment plans, including 100
GW of land-based wind generation
by 2020.

HOW MUCH WILL
IT COST?

Of course, switching overnight to
direct/indirect solar would incur a
seemingly impossibly large finan-
cial burden'®, a point often raised by
detractors of renewable energies.
However, a fast-track growth and
complete turnover within 50 years
will be affordable, especially as both
apparent and real costs of conven-
tional energies escalate. In the end,
what will matter is the value prop-
osition offered by solar and renew-
ables, not the cost. If value exceeds
cost, then there is no question that
renewables will be the way to go, and
many indicators point in that direc-
tion. The price we pay in our energy
bills today simply does not include
allthe costsincurred by society: two
major costs thatare not yetincluded,
as they should be, are the costs as-
sociated with the degradation of the
environment (chiefly global warm-
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Through the decentralised pro-
duction of solar energy near
points of utilisation - mainly
using PV, but also as wind energy
- building envelopes, industrial
exclusion zones or traffic right
of ways could be used a second
time.




ing) and the depletion of finite energy
resourcesY. Other un-incurred costs,
more site-specific in nature, include
power grid reliability and security, as
well as the lost value opportunities of
job creation'® and economic growth
associated with the advent of renew-
ables. It isimportant to note that as
societies, we are already paying for
these un-incurred energy costs and
lost opportunities one way or the
other, but not yet via direct energy
bills - through taxes, insurance pre-
miums, military budgets, and by bor-
rowing heavily from our descendants.
Once the value propositionis fully in-
tegrated -and commonsense saysit
will by 2050 - it will become evident
that it is much less expensive to gen-
erate electricity directly or indirectly
fromthe sun, evenafterincluding the
storage/management technologies
needed for their high penetration,
than by using finite and polluting
resources. At that point, the incen-
tives used today to level the playing
field, such as FITS, will no longer be
needed.

In essence, the long term eco-
nomic soundness of a solar future
can be simply expressed in this one
fundamental reality: all direct and in-
direct solar technologies have an en-
ergy payback of 3-5 years today and
are constantly improving, i.e. when
operated under average conditions
these technologies produce more en-
ergy in a few years than is used to
construct and install them. With op-
erational lifetimes far exceeding their
energy pay-back period, these tech-
nologies are, in effect, energy breed-
ers capable of powering themselves
into growth. Energy paybackisafun-
damental physical measure of long-
term economic viability to societies
investing in it. For a monetary trans-
lation of this physical reality, let us
look at a worst-case example: a to-

tally unsubsidised PV installation
(the most expensive solar technol-
ogy today, likely to be 2-3 times
cheaper in 20 years) in the north-
eastern US (a region with a modest
solar resource) valued against cur-
rent wholesale electricity (a 'rock-
bottom’ number excluding all the
grid support, fuel depletion, environ-
ment and business growth values
mentioned above). The financial re-
turn of this conservative worst- case
scenario is of the order of 2-3% per
year, whichstill representsan attrac-
tive long-term societal investment,
knowing that this is the most secure,
stable, and risk-free investment there
could be. The real return to society
will, of course, be much higher.

HOW WILL CITIES
LOOK IN 2050?

To the passing observer, cities will
probably look very much as they
do today. They will simply be much
more electrified, both on the de-
mand and supply sides. We will have
shifted away from (fossil?) fuels, es-
pecially for transportation. Exhaust
and noise levels will be considerably
reduced, and so probably will con-
gestion: a by-product of conserva-
tion associated with smarter (i.e.
smaller) electric personal vehicles,
the advent of exchange programmes
like the Parisian vélib'; consider that
even New York, home of the giant
gas-guzzling yellow taxi cabs, will
see its fleet turned over completely
to hybrids by 2012.

Many buildings particularly in
cities' suburbs will have become net
energy producers from both higher
operational efficiencies and use of
available solar energy-harvesting
surfaces, as well as energy manage-
ment/storage hubs at the nodes of

smartelectrical grids. However, their
appearance from the street need
not change much from today’s. Load
management and storage facilities,
required to manage the flow of re-
newables, will not be conspicuous,
and could be embedded in the frame-
work of residential, commercial and
industrial districts. Just to give an
idea of the sizes involved, picture a
highly efficient, daylit, two-storey,
two-apartment residential building
withafootprint of 100 m?innorthern
Europe. Its roof space will produce
more electrical energy than needed
by the occupants for all uses, in-
cluding commuting and transporta-
tion. The year-round energy storage
needed to sustain a 100% combina-
tion of grid-interactive solar, wind
and hydropower would be substan-
tial but not inconceivable. Using a
promising sustainable flow-battery
technology, the physical size of the
load management and storage facili-
tiesrequired for the above two-apart-
ment building would be atwo-metre
cubethat could be located just about
anywhere on the smart power grid.

Richard Perez is a Research Pro-
fessor at the SUNY Atmospheric
Sciences Research Center in Albany,
New York, and sits on the Advisory
Board of the GW Solar Institute at
GW University in Washington, DC,
USA. Since 1981, he has also been
working as a consultant on energy,
environment, economics and inter-
national matters. He has been an as-
sociate editor of the Solar Energy
Journal since 1995 and published
over120articlesand reportsonsolar
radiation, renewable energy applica-
tions and daylighting. In 2008, Rich-
ard Perez received the Villum Kann
Rasmussen Foundation's Daylight &
Building Component Award.

Opposite page: International
supply networks for renewa-

ble energy in which every form
of energy is used where it occurs
in concentration are a practical
addition to decentralised energy
production. One organisation
that is pursuing this kind of
objective is the Desertec Foun-
dation, which will bring solar-
derived electricity from the
Sahara to Central Europe.

TABLE 1: Primary energy consumption per source and 1995-2005 growth trends for OECD and non-0ECD countries*

Petroleum Natural gas Coal

TW-yr TW-yr TW-yr
OECD 1995 3.01 149 1.37
OECD 2005 3.32 1.80 159
growth 1995-2005 10% 21% 16%
Non OECD 1995 1.76 1.22 1.59
Non OECD 2005 234 1.80 2.51
growth1995-2005 33% 47% 58%
Total 1995 476 271 296
Total 2005 5.67 3.60 410
growth 1995-2005 19% 33% 39%

Hydro Nuclear
TW-yr TW-yr
044 0.68
0.42 0.78
-5% 14%
0.40 0.10
0.55 0.14
36% 47%
0.85 0.78
097 092
14% 18%

Other* Total
TTW-yr TW-yr
0.06 7.05
0.12 8.02
91% 14%
0.01 5.08
0.03 738
129% 45%
0.07 1213
0.14 1540
98% 27%

SOURCE: US ENERGY INFORMATION AGENCY (2005): INTERNATIONAL ENERGY ANNUAL REPORT

08 | RENEWABLE ENERGIES

*INCLUDES GEOTHERMAL, BIOMASS, WIND AND SOLAR



