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What can integrative design do? (n = end-use efficiency)

buildings: ~4->10n
automobiles: ~4-8n
trucks: ~3-4n
airplanes: ~3-8n
factories: ~2-3n old, ~2-10n new
use of steel, cement,...: >2n

so...world economy: ~5n, by ~2060
plus better conversion efficiency
from electrification and renewables

See “How big is the energy efficiency resource?”, Environ. Res. Ltrs. 13 (2018) 090401, https://doi.org/10.1088/1748-9326/aad965
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Courtesy of Peter Rumsey PE FASHRAE (Senior Advisor, RMI) and Rohan Parikh (then at Infosys in Bengaluru, now at McBERL)
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- E. Teitelbaum et al., Proc. Natl. Acad. Scis. [USA]
- : 117(35):21162-21169, 1 Sep 2020, www.pnas.org/
cgi/doi/10.1073/pnas.2001678117
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RPS, IPTC, FabWiki

Mark West, The Fabric Formwork Book, Routledge, 2016; CAST (Centre for Architectural Structures and Technology),
University of Manitoba, Winnipeg. See Hawkins et al's 172-reference 2016 review, doi:10.1002/suco.201600117

(Joris Laarman Lab, MX3D)
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Three Storles |n the he|ght Of 'tWO UCWSEA pilot installation, Singapore, 2015
the magic of the negaplenum

A. Schlueter et al., “3for2: Realizing Spatial, Material, and Energy Savings through Integrated Design,” CTBUH J. 2016(2):40—45, Council on Tall Buildings and Urban Habitat
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2013 BMW i3, hitp//www.superstreetonline.com/features/news/epcp-1303-bmw-i3-concept-coupe/ BMW MY2013's ~120-150-kg carbon-fiber-composite passenger cell; mc1,250 kg
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“NeverCharge” solar-powered Hypercar®-class 2-seat el. vehicle (aptera.us): up to 1,600-km range,
but most drivers will need no recharging, because it's so efficient (146 km/L...v) that its solar cells
capture enough energy for ~18,000 km/y. It has half a Tesla’s mass, and less air drag (at Cq 0.13)
than the side mirrors of a US pickup truck!; US$26—-45k, dep. on range; raising production capital.
“Lightyear 0” mostly/all solar-powered (5 m2, 21.5%-efficient PV, ~12 km charge/h) 5-seat 4-wheel
sedan, 0.8—1.7 m3 cargo, Cq 0.175, 107 km/L.quv, 725-km range. Production was suspended (Nov.
2022) to jump to the <€40k Lightyear 2 version (lightyear.one) in 2025 once it’s recapitalized.
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Sun &/or wind are now the cheapest source of new bulk electricity in countries

with 85% of world GDP and 82% of electricity generation—including Japan

Chagresi siure of v s guiwer georeration. 142223 “Variable renewables and back-up are
e T — the cheapest new-build option to meet a
4 flat load.” The backup can be demand-
al { ' side, storage, other renewables, or
nonrenewables (generally the costliest).

—

Estimated mid-2022 learning curves (%
cost reduction per doubling of cumula-
tive capacity) were 28.8% for PV mod-

ules, 12% for onshore wind projects

(13.6% for turbines), ~18% for lithium

battery packs (to =2030), O for coal and
S gas-fired CCGT, negative for nuclear.

Bloomberg New Energy Finance, 04 June 2023, https://
www.bnef.com/insights/31487, based on actual costs of 31,000
projects worldwide
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lapan Solar PV Price VS. Fossil & Nuclear Power Qperating Casts
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* For existing coal and
CCGT power plants: the
operating cost is essentially
the fuel cost observed (i.e.,
imported steam coal and
LNG). Operation &
maintenance cost is ¥3/
kWh for coal and ¥1/kWh
for CCGT. Electrical
conversion efficiency is
40% for coal and 55% for
CCGT. Capacity factor is
75% for both coal and
CCGT. No carbon cost is
included (because it is
currently negligible in
Japan). Initial investment is
assumed fully amortized.

* For nuclear power plants:
based on restarted reac-
tors. Operating cost in-
cludes restart cost (i.e.,
safety upgrades), fuel cost,
and operation & mainten-
ance cost. Capacity factor
is 70%. Initial investment is
assumed fully amortized.
Lifetime extensions includ-
ed when granted.

* For solar PV: based on
auctions for projects = 1
MW. Price includes total
cost and profit. After
auctions, solar PV power
plants should typically start
operation within 3 years.

Steam coal and LNG from
Japan MoF, nuclear from
Professor K. Oshima
(Ryukoku University), and
solar PV from OCCTO.
Courtesy of Dr Romain
Zissler, Renewable Energy
Institute, Tokyo, 18 June
2023. Consistent with
https://www.bnef.com/
flagships/lcoe, 11 June
2023.




Gﬂd flexi blllty resources (all values shown are conceptual and illustrative)

cost

A distributed
electricity
storage
incl. EVs

thermal
storage
dispatchable bulk
diversify ~ renewables and storage

renewables cogeneration

by type and

location ;
.>
efficient use -- ability to accommodate

(*negawatts’) demang aceurate reliably a large share of
forecasting

IEsDONSE N o Wilid = P
(“flexiwatts”)

variable renewable power

(hydrogen/ammonia storage not shown because its quantity is indeterminate;
“bulk storage” combines batteries with pumped hydro, compressed air, gravity,...)



Choreographing Variable Renewable Generation
FHRBETEET R — D EBRE

ERCOT power pool, Texas summer week, 2050 (RMI hourly simulation, 2004 renewables data,

projected from 2009-10; an update would scale both loads and supplies for the same conclusion)
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Wind (37 GW)

Solar (25 GW)
Geothermal etc.
Biomass/biogas
HVAC ice/EV storage
Storage recovery
Demand response
Surplus power (~5%)
for H2/NHz to decar-
bonize other sectors




Japan would need 9-11 GW/y of carbon-free energy deployment over 2023-30
to meet its 2030 carbon target; actual solar+wind addition in 2022 was 6.5 GW
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https://www.bnef.com/insights/31555, 07 June 2023




Variable Renewables Can Be Forecasted
At Least as Accurately as Electricity Demand

French windpower output, December 2011: . ad vs. actual

Source: Bernard Chabot,

10 April 2013, Fig. 7,
WwWw.renewal blesinternational.net
/wind-power-statistics-by-the-
hour/150/505/61845/,

data from French TSO RTE




Choreographing Variable Renewable Generation
99% Europe, 2016-22 best

annual renewable % of
Scotland 2020 (79% without hydro) total electricity consumed

837

Denmark 2021 (61% windpower)

D27

Germany 2020 (2016 peak 88%, 2018-20 ~90-100%,
>100% for 12 h 27-28 Mar 2021)

Portugal (2018, 42% without hydro) (2011 & 2016 peak 100%)

Peninsular Spain (2016 & 2020, 27/33% without hydro)




Japan can lead this global energy hiyaku
AARIZ, HROTANF—DORELZETNTHIENTES

Japanese frogs jump too!

HADEHRET 5!

The old pond
Jrog jumps in

plop
—Basho, 1686
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