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250 YEAR STRUCTURE
HEAVY TIMBER, CONCRETE & STEEL

50 YEAR SKIN
HIGH PERFORMANCE ENVELOPE

25 YEAR TECHNOLOGY
ACTIVE SOLAR CONTROL
PHOTOVOLTAICS

RAINWATER COLLECTION
100% DEMAND MET ON SITE
50,000 GALLON CISTERN

100% TREATMENT ON SITE et
EVAPOTRANSPIRATION & INFILTRATION

WASTE COMPOST
100% TREATMENT ON SITE
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GROUND SOURCE HEAT EXCHANGE
RADIANT HEATING/COOLING
HEAT RECOVERY AIR SYSTEM
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NATURAL VENTILATION
NIGHT FLUSH & OPERABLE WINDOWS

ENERGY
100% RENEWABLE ON SITE
GRID USED AS BATTERY

EDUCATIONAL

PROGRAM

OCCUPANCY

PRIVATE USERS ABOVE, PUBLIC FOCUS
USERS AT GRADE

INTERNAL CAP & TRADE
EACH TENANT HAS AN ENERGY BUDGET;
UNUSED ENERGY CAN BE TRANSFERRED
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IRRESISTIBLE STAIR
ELEVATOR ALTERNATIVE, HEALTHIER
OCCUPANTS, ENGAGEMENT WITH STREET
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R. Lindeman, “Dynamic-Tropic Aspect of Ecology,” 1942



". .:‘ - . e V . o - ..- - - :ar . --_ X
A é‘ .7“".5:' - oS 230 7 i AT, '
’ - ) g '., ." -~ o -
¥ =il T & B

?" a o - ~r n

-1
‘. » .

- - =T
‘& £ Three system principles:
."f e

—_—

<~ . _ '3 4 The Lotka—Odum principle of maximum
iy g e[m]power as the selection goal toward
T L ;

N

.
[
-

*= = &% which self-organizing systems evolve over time.
- i =

LR L
-~

-
:

T P

. 4 P& 5 The Lindeman—Odum principle of energy

. transformation hierarchies,

~ which emerge over time to achieve maximum
£ & e[m]power.

b

7

>
J
0.)
c

|
|

\

\

6 The Odum-Holling principle of material

“concentration hierarchies,

closely coupled to energy transformation
hierarchies;»which cycle or pulse at different

spatial and temporal scales to achieve maximum
e[m]power.

Odum, Systems Ecology, 1983



=

by
3




= phantom lo

\l LIGHTING
RN M S

_ NET ZERO
= ENERGY
BUILDIN

ENERX




[the three parts]







54/%;(}@ /‘%a/aﬂ EN Ea?%é Gooos.
D%ch ”f reesowces ( %r} PWM 'é,}'é_fa d/;?,

biph-intensily resources

F
iiiii

ENVIRONMENTAL
RESOURCES

@

50/}‘04”&/(&{

/m-&m’/& reSOurces

o
/// / FII'I.“I“ | (AN il II":::"I‘lI \\\\
/////////fx/ﬁ&ﬁf%ﬁb'fJ'll'\\H\\i\"ﬁlﬁtﬁﬁaﬁx\\\\\\\\



Original version
with normative utilities

Improved version
with lower utilities

Passivhaus version
with NZE photovoltaics

Ellis House, 1964

Ellis House, Base [Ellis House, |mpronved Ellis House, Passivhinus
Uit Siolar Urid Solar Lind Salar
Dt Tolar Ervangy Diakx Tolar " Diakx . Zow  Em
f=m agy "™ Ememgy  [E12 | ey O™ Emenyy B2 | fuiy O™ Ememy 12
izejfunie) =iy {agjunk) 2y faejfurd) ity
BEMEWAALE INFUTS [R)
ETE-1Z ] 1 7| EqEs12 ] 1 7| ETE-12 ] 1 7
Fian |chemical pobanial] 25EE.08 0 AOOEM 77| 25508 ) ROOEM T | 25%-00 4 aoEd 1y
Fian [3eo polenbal) IGEE06 0 ATIE-M 017 | 3EEE-06 J  ATIEM 07 | A J ATE-M 0.17
Wind [inetic energy) AMEAD ) LEELR 2| 33E0 0 4 LEEE | e 4 uEEds 7,
118 116 116
PURCHASEL INPUTS (F)
Depraciaed Assets o m . = . =
Buiding Corebucion BBIETT =y nia 138 | EOIETT =y nin 13027 | TME-TT =5 L] AERAN
Cam 1465416 = T 1045 | 188E-16 = i 1045 | DDOE-00 = i 0
Subical 14,850 14,967 L]
Material Sardices
Wty SHE«S L LIEHS BE) | 15E-08 L 12EE W | 15E-05 L 12E«E m
Wantmynbar IE05 L AS4E4E 1356 | 1DSE-08 L 3SEE M| 1005 L 3SEE m
Foed 153810 J  TS0ESE 11462 | 15340 J 0 TSESE MR | 1EE-0 0 1EEHE ZAE
Morrdumsle Supclies 17EE-08  §  ISEY1Z A | 1TEE-d § ZSIEe12 MAB | BEE-l 5 23E-12 BAM
Solid Wimsts 28303 kg ZETESN BT | 147E-d kg 2ETESN 435 | 147E-03 kg ZETE+11 a5
Fariizer P 3EF<03 g ATOE+ID WS | DE-00 g ITEsD 0| DE0 g ATEW [
Fardizer, N 196E-04 g 405E+10 a0 | DDOE-00 g 405510 0| DOE-00 g 40510 0
W on 13 E_lw
Concesraled Powsr -
Utilities:
R [ 128511 0 ITBESS  Z2ESS | 497Es0 J 1TEESES BESS | ODOE=00 )  1TEEDS 0
Sachicly EBIE<1] )  GGTESE  JTOMS | ZBESD J 3STESIE 0AT9 | SEE- 0 ) (4SS gm
Todae Themrai 1210 J  IENE.M a5
Sybictal 45,900 18334 143
Locafion [menusl proparty b} | S0E-03  §  ZS0E+1Z  Z2600 | GDOE-03 §  2S50E-12 22600 | 90E-03 0§ ISIE.1Z I
Commuting, Car fued) EIEE+10  J  LETESE 11515 | DEEAD J 1SS 5758 | OE-00 ) 1ETEE 0
1364 605
Commuting, Trein [eleckicly] | ODOE-00  J 3975+ 0| 2amae 0 3ETELE 1|7 J o IEE-lE e
Subicsl 3015 2GR 5,808
Labor
Labar, Homagwras BETE-0F  J  A99EdW B3R | 1EE-8 0 J 0 A9%EMN BT | 1E2E-08 0 REEJT 4Am
Subictal 3362 480 4,80
Subloll Furchased Frpeis, F 161,540 125212 71,716
Total Emergy. U | 161,656 Todal Emergy, U | 135,328 Total Emergy, U | 77802
MPORTS
23,1
Housshold Income 1162-05  §  IS0E41Z  BOROMD | 1MEE-05  § 2S0E-12 I0EEMO | 1MEE-05 5 IEE-1Z i
3|
| Susholsl mporis 29300 29500} ]
EXPOATS
Fadenl Tax IS §  ISD0EYIZ HAANT | 33E-d § ZSE.1Z H23N | ISE-E 5 2312 ERANT
Stk Tax IEE-0 § IS0EMZ g1 | 3603 §  2E0E-12 BA | IEE-03 0§ 2EE1Z LI
Subinlal
Zubioial Expart 81,431 1,431 Empors 01,431
D Imports . Imports . Imports - MZES
NET INCOME Exports o Exports -t EXpors 9
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The Ellis House contains
833 m3 of air. It would
take 1.47 x 1012 J to keep
a completely open shelter
at 20 °C through a typical
.~ Philadelphia year
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ﬁﬂ}/}m/ version with normalive atililies

SHELTER

| SITE

.
HEATSINKE ——

197,000,000,000 J
49,900,000,000,000,000 sej



Original version with normative utilities

Energy E[mlergy  Intensity
Elements of Thermal Balance (J) (se)) (sej/J)
Internal Gains, Gas 3.T72E+10 663E+15  1.78E+05 . 1ng
Internal Gains, Elec. excl light 3.73E+10 1.48E+16  3.97E+05 HlerarChy Of e[m]ergy lntensmes
Metabolic gains 8.91E+09 6.69E+15  7.50E+05 1E+13
Sun fransmitted 8.09E+10 4 66E+15 5.76E+04
Light from Electricity 1.20E+10 4 77E+15  3.97E+05 Envelope Heafing (Max - Inputs) ]
Heat from Fumnace 7.29E+10 164E+16  2.25E+05
Heat Removed by AC 5.64E+10 TB7E+15  1.3BE+05 1E+12 Heat Removed by AC
Energy Balance & Intensities (J) (sej) (se)/d) HeatTrom Fumace
Heating, hours - _ .
El Internal Gains ~ 5.87E+10  42% 281E+16 4.79E+05 %ﬁ 1ET1 Sun fransmied \_‘““‘R—-——. / Et:;n:;g?:;ﬁt
Sun transmitted 569E+10 4 0% 466E+15 B8 20E+04 w Envelope Cooling (Max + Inputs) __,___,. [
Light from Electricity 844E+09 06% 477E+15 565E+05 _/.
Fumace 7.29E+10 52% 164E+16 2.25E+05 Internal Gains, Gas
Max Potential Heating Load (hrs <20) 141E+12 1E+10 Light from Electricity / /.
Envelope Heating (Max - Inputs) 1.21E+12 86.0% S5.70E+15 4.70E+03 -
Cooling, hours VEEE?SS:;QE Metabolic gains
Internal Gains 2.48E+10 454% 281E+16 1.13E+06 1 E+09
Sun transmitted 240E+10 44.0% 466E+15 1.94E+05 1.00E+03 1.00E+04 1.00E+05 1.00E+06
Light from Electricity 3.57E+09 65% 477E+15 1.34E+06 E[mergy Intensity, sejlJ

Airr Conditioning -5.64E+10 103.3% 767E+15 -1.3BE+05
Max Potential Cooling Load (hrs = 25) 5.46E+10
Envelope Cooling (Max + Inputs) 5.06E+10 926% b5.70E+15 1.13E+05
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1.E+13

Envelope Heating (Max -
./— Inputs)
1E+12

Heat from Heat Pump

e /.;r_/e/yy intensity af :

1.E+11

Light from._.
/,,—f-*— Envelope Cooling (Max + Inputs)
labor b0 manage windows

-
-

Heat Removed by AC \ Internal Gains
Water Heating, /
1.E+10

Energy, J

Elec. excl light
Solar Thermal " @—— Metabolic gains
y = SE+16x128¢ Light, Elec.
R2=0.6872
1.E+09
1E+03 1E+04 1. E+05 1. E+06
E[m]ergy Intensity, sejl)
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Contemporary Construction

New hierarchics of
e /,;r _/ ergy ntensity

Energy, Jiyr

E[m]ergy Intensity, sej/J



Contemporary Construction

New hierarchics of
e /».r / ergy ntensity

Energy, Jiyr

E[m]ergy Intensity, sej/J
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Original version
with normative utilities

Improved version
with lower utilities

Passivhaus version
with NZE photovoltaics

Ellis House, 1964

Ellis House, Improved

Ellis House, Exse [Ellis House, F
Uit Salar Lini Sllar Uit Solar
Hem Dt Uit Sol=r ) Dol Uni Solar Emengy Dk Uit Solar Emergy
[unidefyr Ememy [EL2 umisyr| Emergy [EL2 [uridsfyr) Emeny E1z
el scifir] s o ) o
Sle
Fenewable Inputs
ETIE+12 J 1 7| GME-Z 1 T | E.TIE=12 4 1 T
Finin |chemizal pobenial] 255E+04 J INPE0e | 25608 ) JeE-l T | 155E-09 4 IM2E-0d m
FRnin {geo polentd) 3 BEE+06 4 ATOE« 017 | 3B6E-0E  J 4T0E-Ia 017 | 3.6EE-06 4 ATIE-M o
Wind [Knetic en=mgy) JIE=10 4 9B3E-2 | 33Es0 ) SEIE-02 32 | 330E=10 4 8BE-2 7
116 116 116
La
Sitmwcrk [depraciaed) S0BE-08 W 10TEsT1 1060 | 598E-03 &y 177E=N1 1060 | 588E-03 & 197Es11 1,080
\ater, Cutdoar 1.T4E+05 L 1.2E+08 212 | 4T8E-M L 12Z2E-10 5B | 473E-02 L 122E+09 5B
Feriizer, P JNENd g ITOE-10 s | DOOE-DD g I T0E=1D 0| DE=0D g ITIE-10 L]
Fertiizer, N 1.06E+ g 405510 41 | DLM0E-DT g 405E=10 0| WOE=00 g 405E-10 L]
Labor, Homemwne BSTE+0T J JOIFE0T 1362 | B.STE-OF J JET 3362 | A5TE-OT J JOET 1382
Suloloéal 5250 4481 4,43
Location & Trarlspm.llun
Locfion |property tax) 900E-03 § 250412 2500 | 9.00E-03 § ZS0E-12 22500 | S.00E-03 § 250412 AN
Commuting, Car {fusl) EIEE+10 J 1 BTE+IG 1515 | 308E-10 1ETE=D5 5,J68 | O.OE-00 4 1. BTE+05 L]
Commuting, Trein (iechic] 0.D0E=+00 4 4ABIE«DS 0| 4B I97E-D5 1365 | 7.33E-09 J IOTE+0S 2um
Car [depreciaied) 1486E+16 =g 4 1045 | 146E+16 =5 14 1045 | LNE-00 =g 4 L]
Suskoksl 35,060 IEET 15,408
Subbotal, 5lie 8,47 15,565 30,006
Shelter
Buliding Construction, Sheler i (s = [y [T
Shuchure [deprec) TATELE =g B 93 | TATE+IE =5 B 833 | TATE-1E =g B0 Lk
Exierral Eryeope: ([deprec.] ZEEST  ay ™ 1780 | 2EE-TT =g B 1848 | ZTTESIT ay 62 4,042
Sysiems (prombed, deprec.] 1.26E=16 =g 1 M6 | 16E+1E == B1 6 | 126E-16 =y 1 .
Labor, Homemwner OLD0E=00 J JOIE0T 0 | 2E85E-07 J JET 1M1 | ZRE-IT 4 IMET 1.0
Subloéal 48T G.0ZR 6277
Buliding Condilioning - UHIRES
Hizsfing AIXESD J 1 TEE+0G 1628 | 18E-10 J 1.TEE=D5 6288 | 1O4FE-10 4 1.A5E+05 4,265
Cooling 1BEE=10 J IOTE-IG TAES | THE-08 JATE-D5 2882 | &O0VE-09 4 1.A5E+05 ]
‘Vertisficn OLD0E-+00 J IOTE+0S 0| DOOE-D I97E=D5 0 | 1.26E-09 4 1.A5E+05 a3
Bumination 1.20E+10 J ISTE-0G 4767 | 465E-D8 J I9TE-05 1547 | 4.4TE-09 J 145505 e
Suskoksl 28,460 11,027 5,576
Subbotal, Sheter 33,330 17065 12,188
Seging
Buliding Construction, SeRing V] = [y e fyrm)
Irilerice= & Finishes |deprec) L2EAT oy 3 5851 | 2METT =y = 6563 | 1217 =g 38 5953
Fumiture, Ford, Equip. (depeec) 4MEE =g M 1716 | SME+1E == ) L6 | 44E-16 =g M 1716
Sysiems (prombed deprec ) 1.266=16 =g 1 M6 | 16E+1E == 1 6 | 126E-16 =y 1 .
THAM 1AM 1M
Klichen, Malerial Services
by 4 2050 L 122608 51 | 1.96E+4 L 120 W | 1.16E=02 L 122E+09 L]
‘Wembmg ey 4 2050 L 3ME-D M8 | 196E+d L IRE- 1 | 1.166=0 L 3 54E-09 1
‘it - Henting 3 AIE-09 J 1 TBE+05 B8 | 143E-08 1.TEE=D5 54 | 1.37E-09 4 3 AIE+0d kil
Fond 153510 J T 50E+06 a2 | 18610 T.50E=05 11462 | 1.53E=10 4 1.60E+05 245
Food - Refrigemtion T53E-09 J IOTE-NG LWE | ATE-D8 J J9TE-05 1218 | 18%E-09 J 145505 28
Fond - Cocking, Gas I TAE-09 J 1 TEE+0G Bi6 | 145E+08 1.TEE=D5 IS8 | OUOE-00 4 1TEE+05 L]
Food - Cooking, Blec. I TAE-09 J IOTE-0S 1484 | 145E-08 JATE=05 575 | LTEE-09 4 1.A5E+05 L
Soldl Wl 15E+0d g 207Es11 4% | TOE-lE &y 297E-U1 HE | 733602 g 207611 Fal]
Sulotsl 18,050 14,041 3,588
Hathroom, Maleral Sarices
by 2AXES0S L 122608 M6 | BESE+d L 120 11 | E65E-04 L 122E+09 #
‘Wembmg ey 2AXES0S L 3ME-D 8% | BESE+d L IRE- 135 | A= L 3 54E-09 A5
‘later - Henting 212E-10 J 1 TEE+05 I76S | B2E-D8 1.TEE=D5 1450 | 7.BEE-09 4 3 R2E0d A5
Subloéal 41817 1176 0z
Laundry, Malerial Serces
by 9 RIE-0d L 122608 13 | 2726+ L 120 33 | LTE-( L 122E+09 13
‘Wembmgnter 9 RaE-0d L IME-D8 38 | 27T2E+M L IRE-E 06 | ZTXE-04 L 3 54E-09 L1
‘later - Hents B ASE+09 J 1TBE+05 1540 | 335E-08 1.T8E=D5 54T | 32E-00 4 3 A2E+0d nT
Blec - Wl Cleaning EASE-09 J ISTE-G ¥ | 23E-08  J I9TE-05 1022 | 147E-09 J 145505 k]
Suboksl 4649 1748 (C1H]
‘Work & enlertainment, Malerial
Services:
Prorrdumsile Supplies 1.TBE+0 § 250E<2 43 | 17BE-d LS0E-12 44420 | 3.B9E-03 § I5E<12 12EM
Solid Wl 14TE403 kg 2O7E+1 43 | TBE+l2 kg ZOTE-N B | TIES2 g 2O7E-N Fal:]
i —— e ———————— e —
Suskokal 52410 47500 13,450
Subhotal, 5e2ing 17,500 13,008 36,140
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Fred McNabb, House of the Future,1956
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Leisure time on an average day

- T Other leisure activities
Relaxing and thinking (18 minutes)

(17 minutes) \ \
Playing games;

using computer for leisure

(26 minutes) e

Watching TV
(2.8 hours)

Participating in sports,

(18 minutes)

Reading —

(18 minutes)

Socializing and Total leisure and
communicating sports time =

(37 minutes) 5.0 hours

NOTE: Data include all persons age 15 and over. Data include all days of the week and are annual averages for

|SOURCE: Bureau of Labor Statistics. American Time Use Survey
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socio-economic hierarchies
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Abel, “Systems diagrams for visualizing macro-economics,” 2004



Location (site) within
urban land-use hierarchies

2005

I forest
[ wetland

[ grassland
|| openfieldwith little or no vegetation

I river and channe!

lake and pond

cultivated land

[ livestock farm and agricultural facility
[ park and square

I urban built-up

Huang, “Urban Hierarchy,” 2001

e (b) Non- kle emargy water consumption (1012 )
1004 | electricty (10" :.1
natmlgnsm::ll]l‘ ]
; 13
B0 | wnwens. pAsoline we (105}
— e — - —poods & services (1002 )
fertilizer use (10'7 )
G |

—_— — labor (101 )

Total non-renewable emergy | Ty }

400 |
o |
Morthwest Southaast
Sei / e () Potential energy and transformity
1 X N . e
400 | _ Total emergy inflows (200yrs) (107 sejim2 )
350 il
LY N [ R potential energy of land use (107 Tfml)

solar transformity (109 s/}

250 |

200 |

150 |

(] 5 15 15

Fig. 4. MNorthwest—southeast transact of emergy flows and transformity of Taipel metropolitan region.
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Table 1

susta i n a b I e Empower densities, turnover time, and transformity of each land use in Taipei metropolitan region

Land use type Renewable emergy Mon-renewable emergy Total empower Potential energy  Solar ransformity
and economic input density (10" sejim”) f{§ (107 Jim®) (107 sejiT)

t h ey g at h e r & Empower density  Turnover Empower density  Turnover

(10" sej/m’ time (10" sej/m* time

co n ce n t rate per vear) (vear) per vear) ( year)
Forest 644 10000 0.00 0.00 60,44 210,00 0.29
Grassland 36.635 5.00 0.00 0.00 1.83 12.70 0.14

the resou rces Wetland jid2 10,00 0.0 0.00 334 44.00 0.08
Farm 27.55 20.00 11.75 10,00 123.01 3190 385

- - River 26.96 100 0.00 0,00 0.27 480.00 -

Of thel r reg I o “ Low density residential 41.30 2000.00 161868 25.00 THIRT. 10 640,00 122 00
Medium density residential 40,78 2000.00 587930 50.00 579392.56 1290.00 151.00
High density residential and commercial 4270 200.00 H158.22 1 00000 1124974640 3020.00 207 .00
Industrial 4199 2000.00 1528.91 55.00 181838.08 2250.00 7980
School 45.81 2000.00 16497.60 T0.00 166515.22 1200.00 G500
Institutional 4532 2000.00 1420.79 B1.00 2326448.12 2250.00 107 .00
Utility 45.90 2000.00 692,58 65.00 105715.50 1150.00 96.30
Transportation 2221 2000.00 185602 T0.00 283673.22 BO30.00 28,60
Mining 3143 2000.00 49.51 50.00 ITOBT. 36 2400.00 15.50
Recreation 42,18 25.00 12.58 12.50 237.80 14.90 10.20
Fallow 2286 100 21.23 0.50 1797 639 2.09
Others 35.20 25.00 565.46 12.50 56403.80 318.00 17700
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Area
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*Values less than 0.01.
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Production vs. Support Footprint(s)

Production Inputs 1.04 e 21 sej

Support Inputs 6.95 e 21 sej

Total Inputs 7.99 e 21 sej

Production Land = 1 Chautauqua* Support Land = 8.9 Chautauquas*

*As product of Total Solar EmJoules (Sed) required to
support cument production and consumption.

1 Chautauqua = 960,115 square acres

The New Chautaugua Game William W. Braham, Luke Butcher, Jill 5. Kurtz and Mostapha Sadeghipour Roudsari
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The New Chautauqua Game

Designing the Renewable City and Region Using e[m]ergy Accounting

ETETT 1. Population Scenario Oops! You need 2.30 Chautauquas to support this lifestyle. Maybe you should try L
something different?

The Mew Chautauqua Game evaluates the land needed to harvest and concentrate

renewable energies to support the population of the county. Total POPL.I|E.T.i0I"I 132909
* Each cell represnts 152,46 aoes.
To play the game adjust the slider bars below to modify the rates of production and

consumption in the county, then clide on "Chedk Land Ares” to see if your scenario can l & . Water
L

support the population on the resources of the county. Baseline Distribution .
Forest
To see the distributicn of [and uses within the county, select 8 population scenaric and click

“Remap Chautsugua” to see the results. Agriculture

You can read more about the project here. 2 Land Area . Developed

. Natural

Built Environment County Land Area 960119 acres . R
Energy Support Land Area 1386200 acres
o | Primary Land Area 2209132 acres
-—

Energy Demand
Check Land Area

0 1.000.000 2,000,000
L I

- e core I
Energy Mix i
2 @ =2 scenerio |

— (5 - [k
Fossil Fuel PV BiolMass Wind
3. Mapping
Food Demand
Remap Chautaugua!
Transportation
|

Consumption (2.2%) Round 0= Developed for Silver Creek

#Cels Available
#Cells Needed 17 1335 145 0

ENG 17 AM
INTL 117272015
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The New Chautauqua Game

Designing the Renewable City and Region Using e[m]ergy Accounting

Introduction 1. Population Scenario
e S ranestz rengiale Energies i sUgDan e populstion of )

e ooty Total Population

To pilzy e game bars Y e etz . fren click on “Check

Land Ane=" 4 522 I your S5SNI 037 SUDDOM M paDulation on the Mesounces of e couney.

T s e distrivtion of 1200 US2s WRNIN 2 Couny, Seleat 2 papulzthon soenarin and olkk “Remsn ChELEUGUE” D see e

132909(0.00%)

= T |

Yo read more about e project hare.

2. Land Area
Built Envi t
uit Environmen County Land Area
Suppert Land Area

Densloped Land Densly

A0 Primary Land Area
Buliding Construction Emclency

[ 2o ]

Depracstion of Construction (Years) a 500,000

960115 acres

642886 acres

846881 acres

i
- — =
Soenar |

1o ]
—
Energy Demand 3. Mapping
Ensrgy Production Efficisncy
— — — —
B Blomzss Wind
Ensrgy Mix -
a [~ ] o= ] Catoustion ompite Yo von!
(0 . (o) . (o) . — [ — 1445 1808
Fozgll Fusl By Bioliass Wind

soon g I

Food Demand

=

Gralhs E&Hﬂ& Fruk
[==] a

Transportation

‘emicle Milles Driven - Per Capia
130%

This scenario needs only 0.88 of Chautauquas resources. Mission accomplished... Congratulations!

*“ Each o2l represms 159,45 acres.
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