(Terminology)

2.1
Emergy
“Energy Memory”
Emergy
Product X Transformity = Emergy
Product -

Transformity (sejld)  (sejlg)

Transformity

Emergy = Emergy (se))
Transformity
Emergy Solar
emjoules /joule (sejld)
Emergy/gram
Emergy

Transformity
Solar emjoules / gram (sej/q)
Emergy/Money Ratio

Emergy / Money Ratio

Total Emergy use x GNP Emergy / Money Ratio



Total Emerav use Emerav

Gross National Product :GNP
bmergv / Monev Ratio

Empaht

«T 1

Emergy of Product / Emergy per Money Ratio =  Ebent)

Lﬁﬂ
Emergy of Product = Emergy
Emergy / Money Ratio =
Embaht =

(EmB)
Renewable Resource; R

Non-renewable Resource: N
1

Yield; Y
Emergy
Market, M
Emergy :
Services,
Emergy
Emergy Vield ratio (EYR)
Emergy [ Emergy
renewable Emergy

(5¢))
(sejl )

EYR

(seifvr)

Embaht



Emergy investment ratio (IR)
emergy | emergy
competing process

Emergy Sustainability Index(ESI)
emergy Sustainability

Environmental Loading (ELR)
emerqy
Nonrenewable ~ Renewable resource

Renewability (R)
emergy [ emergy

Processes)

EIFS
EIFS ;Extenor Insulation and Finish System
Emergy (Emergy Analysis of Products and
“EMERGY !

(Odum,1996)”

solar energy

Emergy
(Inputs) 1
emergy
emjoules solar emergy

solar emjoules (sej) solar emjoules ( sej.)  solaremjoules
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Emergy  emjoules emergy joule
joules
Solar Transformities Emergy per Gram
Solar transformity solar emergy 1 joule

" solar emjoule per joule (sejlJ)  Transformity

transformity

transformity emergy  joule
transformity emergy per gram (sej/q)
transformity Emergy per Gram emergy

Product ~ x  Transformty = Emergy

product 3 () (9)
Transformity = transformity (sejlJ  sejlg)
Emergy = emergy Y (se))
transformity emergy per gram
emergy
transformity
transformities ~ emergy per gram
2.1 Solar Transformity (sej/ )
Solar Transformity
(sejl ) (References)
1 g 2.00E+09 (Odum, 1996, p.310)
2. J 4.80E+04 (Odum, 1996, p.120)
3. g 1.00E+09 (Odum, 1996, p.187)

4, g 1.00E+09 (Odum, 1996, p.310)
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20.
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22.
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25.

26.

27.

28.

29.
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34.

35.
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Solar Transformity
(sejl )
2.31 E+09
2.31 E+09
8.79E+08
2.32E+09
1.35E+09
1.35E+09
6.32E+09
2.86E+09
2.31 E+09
1.52E+10
8.00E+08
4.47E+09
3.80E+06
1.52E+10
1.52E+10
1.52E+10
3.80E+08
3.80E+08
6.32E+09
4.30E+09
3.28E+09
9.00E+09
1.27E+10
6.77E+10
1.90E+09
Money Ratio
Money Ratio
Money Ratio
Money Ratio
Money Ratio
Money Ratio

Money Ratio

(References)
updated (haukoos, 1995, Table A-13,p.172)
updated (haukoos, 1995, Table A-13,p.172)
(Buranakarn, 1998, Table 3-4)
(Buranakarn, 1998, Table C-13)
(Haukoos, 1995, Table A-15, p.177-179) [ services
(Haukoos, 1995, Table A-15, p.177-179) / services
(Buranakarn, 1998, Table 3-11)
(Buranakarn, 1998, Table 3-13)
updated (haukoos, 1995, Table A-13,p.172)
(Buranakarn, 1998, Table C-14)
(Haukoos, 1995,Table A-6,p. 155-156)
(Haukoos, 1994) [/ services
(Odum et al., 1987a, p.159)
(Buranakarn, 1998, Table C-14)
(Buranakarn, 1998, Table C-14)
(Buranakarn, 1998, Table C-14)
(Brown et al., 1992, Table Al)
(Brown et al., 1992, Table Al)
(Buranakarn, 1998:Table 3-11)
(Odum etal., 1987a, p. 159)
(Buranakarn, 1998:Table C-8)
(McGrane, 1994, appendix table 1, p.100)
(Buranakarn, 1998:Table 3-6)
(Odum et al., 1987a, p. 159)

(Buranakarn, 1998:Table C-12)

( 3.1)
( 3.1)
( 3.1)
( 3.1)
( 3.1)
( 3.1)
( 3.1)
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Emergy-Money Ratio
emergy emergy-money ratio

total emergy used (sejyr) / Gross Netional Product ( ) = emergy-money ratio(sej/9)

total emergy used = emergy (sejlyr)

Gross National Product = (Baht;S)

emergy-money ratio = emergy (sejl )
emergy-money ratio emergy

emergy-money ratio(sej/$) x costs of service( ) =emergy of service(se))
emergy-money ratio =~ emergy (sej/ )

costs of service 7 (Baht;$)
Emergy = emergy (se))
World Ratio of Emergy per Mongy

- ——————
- P o
- -
-

7 s -
EMFRGY 7 i
- ~
Sources > e
t N
!
] % 58
// \: : tored
58 Resources
’ Veserves
/
/ SpaR ST T ey =
’ o
; P A :
| 4.0 F . . -8
\ ‘ s Gross Economic Product }
\

“. 116 E128%/yr ¢
4

E24 Solar emjoules
per year

EMERGY (4 +4+1.4+13 8I>EZ4 sejlyr 2 E12
Money- 11.6 EI2 $/yr

2.1 Emergy/Money ratio
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Emergy/Money Ratio

the world Emergy flow (sejfyr) / the World Gross National Product (§) =the World
Emergy-money ratio(sej/$)
the world emergy flow = emergy
(sejiyr)
the World Gross National Product =
(Dollars:$)
the World emergy-money ratio = emergy

(sejiS )
emergy/money ratio 1980

9.4 x 1 sejfyr renewable + 10.8x102 sejfyr nonrenewable=20x1Q2se)/$
10.1x102 $yr world gross economic procuct

Emdollar (EVE) and Embaht (E)
emergy
; emergy
10% emergy
Emergy Emdollar

Em$§  Embaht EmB
Emergy of Product (sej) / Emergy per Money Ratio (sej/ ) = Embaht (EmS)

Emergy of Product = Emergy (sej)
Emergy / Money Ratio = (sejl )
Embaht = (EmB)

Emergy Systems Diagrams ~ Conventions

emergy
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2.2

transformity transformity

Energy circuit: A epathway whose flow is proportional to the
quantity In storage upstream

Source: Outside source of energy delivering forces according toa
program controlled from outsice: a forcing Tunction.

Tank; A compartment of energy storage within the system storing a
quantity as the balance of inflois and outflows; a state variable.

Heat sink: Dispersion of potential energy into heat that
accompanies all real transformation processes and storages; loss of
potential energy from further use by the system,

Interaction: Interactive intersection of two pathways coupled to
produce an outflow in proportion to.a function of both: control
action of one flow on another: limiting factor action; work gate.

Consumer; Unit that transforms energ¥ quality, stores it, and feeds
it back autocatalyticaliy to improve inflow.

gg\t/_ig%rsming action: A symbol that indicates one or more switching
lons.

Producer. Unit that collects and transforms low-quality energy
under control interactions of high-quality floiws.

Self-limiting energy receiver: A unit that has a_se_lf_-limiting output
when input rives are high because there is a limiting constant .
quality of material reaction ona circular pathway within,

I%%X:I lé/liscellaneous symbol to use for whatever unit or function is
eled.

Constant-gain amplifier: A unit (hat delivers an output in
pr0ﬁ0m0n to the Input | but is changed by a constant factor as long
as the energy source  is Sufficient.

Transaction: A unit that indicates asale of goods qr serviges (solid
ling) in exchange for payment of money (ciashed line). Price Is
shown as an external source.

(energy system language)  : Odum. 1996
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Energy Flow (Jftime)
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Energy Flow (J/time)

2.3

transformity

: Odum, 1996
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00 —. 10
'+ 1000 } 10
600 - 10

Emergy Flow (sej/time) Same Transformity (sej/J)
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a
200 ] 0
1000 Rk 1200 127 1=
0 N " or
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-|-
Emergy How (sej/iime) Same Transformity (sejlJ)
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’_< }—{-10
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Split Emergy Flow (sejftime) ~ Same Transformity (sej/J)
Split Pathway
©
1 100 %5
1000
1100 167
Same Emergy Flow (ojftime)  Different Transformities
Co-prodtggg Pathway r(‘sejftlmesj
a

transformity
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(Energy System Diagramming)
emergy
(Buranakam, 1998)
L
2.
5
3,
4,
5 2.2
emergy
1
6 (Odum,1996)
1 2 3 4 5 6
Footnote  Item Input Solar Emergy per Solar Embaht
resource unit Emergy (Em$iyr)
(b9, ) (sl sejfg, sejl ) (5€])
1. Footnote ( )
2. ltem ( )

3. Input resource ( input) Vo
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4. Solar emergy per unit (Solar emergy ) sejl] sejlq
sej/ 3. Solar Transformities
4, solar emergy (sejlyr.) D
5. Solar emergy (sej)  solar emergy input resource
3, 4,
6. Emvalue Emdollar ~ Embaht solar emergy
B, solaremergy per money ratio ' solar emergy per money ratio
Amnual solar emergy 78 6 | GDP
olar Emergy

! Iransformity

Baselinel baseline
2
(Double-count)
2
1 Emergy
2 Emergy
Emergy
Emergy ( x  transformity) Emergy
( x  Emergy/Money Ratio)

4 Emergy/Money Ratio

10dum,1996 1Chapter 3 Figured.7, p.51



Emergy Emdollar
Emergy

Emergy Diagram Emvalue Diagram

Local
Non-renewable
Sources

Purchased Resources

Moin
Economy

Services

262 S
/ | —s—n—s- e

506 pine S $
Plontotion

‘—f—

EI sejlholyr

Ermvalue Diagram

R

2.4
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Emergy
Emergy
3 (3-Arms Diagram)
Fuds .
e | Goods G
-!,- Service B
b )
R Resource Eéonomic Yield y
Use
L/Y
2.5 3

(Environment Input)
2 Renewahle  Non-renewable
(Purchased Feedbacks)
2
(Output Products)

- Solar Transformity
Total solar emergy inputs / energy of the yelld = sgj/J

- Emergy Yield ratio
Yield Qutput Emergy flow/ Sum of feedoack Emergy from the economy =
yIS T
Exchange ratio
Solar Emergy flow of the Vield product/solar emergy of the money paid by the
buyer = Yof paid

23 EMERGY (EMERGY of States and Nation)

Emergy
Emergy
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13.
14,
15.
16.
17
18.
19.
20.
21.
22.
23.

2.2

GNP (Gross National Product)

emergy

Annual Insulation

. Percent Runoff,

1 1 1

Emergy

Emergy

Total Income (

empower
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24,
25.

emergy flow
Emergy input Emergy output 10.2
emergy storage  emergy 10.3
" Emergy
TN Steel
Tides ’18 — cycle Fuels I{ iron )& T p{réo;a\s Goods
78 ! Pl %) : E ...
. m’w"“ %
12 Gov't Pepulation,
64 ems Gas P ; i
A < '\* e N5
Power People, \“ a;ﬁ
@ /. SRR ) | ! @
- / Forests. i X} ," Zore:
11 X iir=Hoser & {5
— L]
A Commerce ot
4.
I Agricutture 14
/‘/ 1 Waste)
J
U.SA. \/
<L
2.6
100
2

The environmental flows



(Summary Diagram)

\ne:ra 80.0 Py €,
PAGE NS E\'.'.'.'.Ti.;’ /
N Bt .

—— - - — P-—J

= Ny 25.8

E22 solar smjovtesiyr _j__ E128/yr

2.1

emergy

Renewable, R
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Non-renewable
NONLI N2
NO (Wood biomass)

Emergy Emergy

Emergy F

Emergy G
Emergyn P2l

Emergy !
Emergy/Money Ratio P2

Emergy/Money Ratio

P2l

Emergy P23

Emergy B
Emergy N2 emergy
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E
X
Emergy = 1
(E) x  Emergy/ Money ratio (P1) (PM)
E3
emergy
Emergy E3 p"3
Emergy (Annual Emergy Flows of The United
States)
Emergy
Emergy (2.7 (National
Indices)
Emergy Emergy
(weight) (energy content)
Emergy
: Emergy
2.1
emergy 2 F 0
(F1 G') emergy
2 Fl. G (P2) F
G (P23)
F.G F'G'
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P2 (B) N2 Emergy

Emergy/ Money Ratio

>0, Iffvozml
(LS BT
i

2.8 3 (3-Arms Diagram)

, 2.7 2.8 3
L
2,
3,

Emergy / Money Ratio

Solar Emergy/Money Ratio (P Emergy

! Empower
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inports Fuels

Goods &
ZJNelfngcods T siseron

"

Product B
.4 €12 Sryp

Expor:s
Services

Macroeconomic Overview €23 seyyear

6MEROY flow = (8 32 + 23  15) E23&e)lyr .
Money flow 5.4 E12 slyr 144 Eiasey-S 1992

2.5

(Money Shift) (profit earning)
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Emergy

x  Emergy/Money Ratio (
10.7) Emergy
1980 Emergy/Money Ratio 8.4x102
sej/$
!
24
1. 30%
LS 1,280
2.
2.1 25%
: S 1,650
1 .. 2100
2.2 30%
2.3 35%
24 25%
3.
31 I" 1 1
1. 24
1 .. 800
3.2 30%
3.3
331 1 1

3.3.2 1
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12
15
16

41
42
43
44

2
3
4

5%
1%

11
1.2

1%
9%
11%
11%

121
12.2
12.3
124

1

30

20%
30%
40%

80%
10%
60%

50%

50%

19
20
22
25
28

0.20

0.20
020
0.25
030 |/

1,600

/

/

/

13%
13%
14%
15%
15%

28



120 .
8.1 1:35(
252
0.62
12097
180
8.2 1:2:4
336
0.54
1-2 1.03
180

1 (STRENGTH) 180/

304
043
12085
- 180
2 (STRENGTH) 240/
336
0,60
1-2 109
- 180
. (STRENGTH) 300/
367
0.66
12092
- 180
4 (STRENGTH) 350/
420

0.50

010 .
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9.1

9.2

9.3

9.4

1-20.98
180
1 180

1 0.82 .
1 10.30

1 16.70 .

138
16
10.29
0.05
10

216
34
20.59
0.086
20
0.07x0.19x0.39 (1
13
6.75
387 .
0.03

0.09x0.19x0.39 (1
13
947
5.43

30
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9.5

101

10.2

103

104

105

0.04

5 9
13
9.47
543 .
0.04
5
20
0.11
12 .
0.07
4
1AW
0.03
1.10
3
12 .
0.027
4
20 .
0.045

31

0.09x0.19x0.39 (1 )

1:3 (



11.

111 11
8.42
0.03
1.10
3
112 /1
8.4
0.03
22
0.05
5
113
6.30 .
0.026
22
6
0.50
003 .
1
12.
121 1/2"x6"
0.725
0.25
0.15
12.2
2
0.515
020 .
12.3 BTV

0.55

1,600
/1
112%3" @05 .cle

1 1/2'%3" @ 0.40x0.60 .

112%3'@0.40 . clc
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0.42

020 .

124 1* 1

1.15

1
2

3.50 . 0.60 . 3.5/0.6 = 55/6 5+2 =
1

480 . 060 . 4.8/0.6 =8 8+1 =9

11/2"%3" 0.60 : 0513
11/2'%3" 0.40 0.616
2%3" 0.60 : 0.547
2'x3" 0.40 - 0.774
2"x4" 0.60 : 0.729
2"x4" 0.40 - 1.032

2.3

, ( )
1 11/2x3" %3 LU2%L 12"



L.
0.50x1.20 "
0.65
0.54x1.50
1.00
1.02x1.20
0.32-0.35
0.33x0.425
0.32-0.35
0.33x0.425
9
2.4
1
0.50x1.20
0.54x1.50
1.02x1.20
0.32-0.35
0.33x0.425
0.32-0.35

0.33x0.425

0.15 0.18

0.164 0.22

0.15 0.18

, (

1 1/2"x3" 2"x3"

0.153

0.17

0.153

0.197

0.19

0.197

112"x1”

0.19

0.19

0.185

0.185

)

241

1.75

1.20

12

12

34

2.37

1.9

1.18

10.5

10.5



050 .

112'%%"

1 1/2'x6"

1 1/2'x8"

2"x6"

2.5

2.5

0.428

0.513

0.684

0.684

251

1.10

1.10

1.10

1.10

14

1,528

1613

1.784

1.784

514,000
511,770
2,230
4,863
1,800
803
1,754
506
3,219

200

200
12

3 CWOGO

35

10 1.10

Emergy / Money Ratio

100



2.5.2

2.5.3

2,516 |

34 %
6 %
2%
26 %
13%
44,000

(

1993)
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