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@)/,envjevy; National Evaluations

« Emergy evaluation of nations accounts for all major inflows and
outflows crossing country boundaries, as well as internal production
processes.

* Flows include diffuse flows from the environment (i.e., sun, wind, rain),
concentrated flows from mined materials (i.e. metals, fuels, minerals),
and purchased materials and services imported from other countries.

» Assumed boundaries:
- edge of the submarine continental shelf (200m)
- 1km above the earth and water surface
- 1 km below the earth surface, or lake or sea floors

« Data are collected to calculate the flows in energy or weight units,
transformities are used to convert flows to emergy units, and flows can
then be summarized and aggregated into indices.



Systems. Diagram: National Evaluations




Generic Table: National Evaluations

Line Item Data Units UEV Emergy
(flows) Jorg sej/J or sej/g sejlyr
1. ﬁst item XX.X Jlyr XXx.x sejlJ (data*UEV)
2. Second item XX.X glyr XXX.X sej/g (data*UEV)
3.  Third item XX.X $/yr XXX.X sej/$ (data*UEV)
n. nth item XX.X Jlyr XXX.X (data*UEV)
Foot notes
1. Notes and calculations for item #1
2. Notes and calculations for item #2
n. Notes and calculations for nt" item




National Evaluation, Template:

National Emergy Accounting Database (NEAD)

« Line items for major flows are organized into a table
with the following sections:
Renewable flows

Internal Transformations
Indigenous Nonrenewable Extraction

Imports
Exports

S N



National Evaluation, Template:

Line ltems — Renewable Flows

Biosphere inputs across Earth boundaries:

1. Sunlight — net radiation on land and water surfaces
2. Deep heat — heat rising from internal earth processes
3. Tide — tidal energy absorbed over continental shelf

Co-products produced within the biosphere that cross
country boundaries:

4. Wind — kinetic wind energy
5. Total water — portion of rain and river inflow used
6. Waves — kinetic wave energy absorbed at coastline



National Evaluation, Template:

RENEWABLE FLOWS:

OO WN -

Sunlight
Deep heat
Tide

Wind

Total water
Waves

INTERNAL TRANSFORMATIONS (ECONOMIC):

7
8
9
10
11
12
(K
14

INDIGENOUS NONRENEWABLE EXTRACTION:

15
16
17
18
19
20
21
22
23

Agriculture Production

Livestock Production

Fisheries Production

Fuel wood Production

Industrial Round wood Production
Water extraction

Hydroelectricity

Total Electricity

Forestry

Fisheries

Water

Topsoil losses, organic matter
Coal

Natural Gas

Qil

Minerals

Metals

IMPORTS:
24
25
26
27
28
29
30
31
Ky
33
34
35

EXPORTS:
36
37
38
39
40
41
42
43
44
45
46
47
48

Fuels

Metals

Minerals

Food & agricultural products
Livestock, meat, fish
Plastics & synthetic rubber
Chemicals

Finished products
Machinery & transportation equipment
Other refined goods
Electricity

Service in imports

Tourism

Food & agricultural products
Livestock, meat, fish
Finished products

Fuels

Metals

Minerals

Plastics & synthetic rubber
Chemicals

Machinery & transportation equipment
Other refined goods
Electricity

Service in exports



National Evaluation, Template:

Data transformation:
raw units > joules or grams > emergy (sej)

« After the primary data are collected, line items are converted into
either energy units (joules) or weight units (g), using standardized
equations (Odum, 1996, Appendix B).

example: Sunlight requires net radiation, country area, and sec./yr.
Solar energy in Joules for “Sunlight”=
(Net radiation J/s/m?) x (Area m?) x (31,536,000 seconds/year)

« Once in units of energy or weight, UEVs are then used to convert
the values to emergy units (sej).



Table 1 is the Line ltem Table of energy values, unit emergy values (UEV) and emergy values for all individual line item flows.

Line item Emergy Em$
E20 sejlyr E6 $/yr
. RENEWABLE FLOWS:
N t I E 1 Sunlight F 119e+23 1.00E+00 sejld 1.19e+3 6.40e+4
a I O n a I I I e rg y 2 Deep heat F 284e+19 4.90E+03 sejld 1.3%+3 T4Te+4
3 Tide F 537e+18 3.09E+04 sejld 1.66e+3 8.92e+4

2.76e+5
349e+5
1.28e+4

" " 4 Wind F 9.88e+20 5.20E+02 seji 5.14e+3
Evaluation, Line Item
3y 6 Waves F 575e+18 413E+03 sejid " 2.38et2

INTERNAL TRANSFORMATIONS (ECONOMIC):

b I B B B |
b I B B B B |

Agriculture Production F 882e+18 varies sejlJ ¥ 119e+4 ¥ 6.40e+5
a e O r Livestock Production F 6.66e+17 varies sejd T 815e+3 ¥ 438et5
Fisheries Production F 504e+13 1.01E+07 sejly. ¥ 507et0  F 273e+2
Fuelwood Production F 279+17 varies sejd T 891et1  F 47943
Industrial Roundwood Production ¥ 2.21e+18 varies sejly. ¥ 853e+2 T 450e+4
Water extraction F 240e+18 1.85E+05 sejd T 444e+3  F 2309et5
Hydroelectricity : 8.97e+17 3.52E+05 sejld : 3.16e+3 : 1.70e+5
H ici 140e+19 2.21E+05 sejlJ 3.11e+4 1.67e+6
* Primary data are converted to NDIGENOUS NONRENEIABLE EXTRAGTION
I.ne .ter}:] ﬂo S .n ener or 15 Forestry - J 3.83E+04 j 0 -
| | WS | gy 16 Fisheries F 185e+13 J 101E+07 i F o185e+0  F 9.95e+1
17 Water - J 2.11E+05 j iy 0 -
1 H 1 18 Topsoil loss, organic matter F 0 J varies j F865et3 ¥ 465e+5
weight (J or g), with a detailed ' oo s Gvees w0 7 o 7 oo
H H 20 Natural Gas 2.93e+19 J 1.40E+05 j 4.11e+4 F 221e+6
noteS SeCt|On documentlng 21 Qil 3.38e+19 J 1.32E+05 j 44Te+4 f2.40e+6
. 22 Minerals 34T7e+14 g varies j 8.90e+2 i 4.78e+4
data sources and equa“ons 23 Metals 160e+14 g varies ' 128e+3 ¥ 6.88e+4
IMPORTS:
24 Fuels varies J varies F  366et4 F 197et6
used 25 Metals varies g varies : 1.03e+4 : 5.54e+5
26 Minerals varies g varies 1.17e+3 6.29e+4
Y FIOWS are Conve rted to 27 Food &agriculture products varies d varies F 143e+3 F 769e+4
28 Livestock, meat, fish varies d varies F 543e+2 F 292e+4
. H 29 Plastics & synthetic rubber varies g varies F  536e+3 F 288et5
emergy (Sej) USIng U EVS 30 Chemicals varies d varies varies T 144e+3 F 774e+4
31 Finished products varies J varies varies T 143e+3 F 769e+4
H 32 Mach. &trans equip. varies J varies varies T 104e+5 F 559¢+6
° FIOWS N emergy can now be 33 Other refined goods varies $ F133e+12 sejf T 772641 F 445e+3
. 34 Electricity F 273648 J  221E+05 sejd T 6.03e+2  F 324et4
aggregated |nto Summary Service in imports F 231et12 $ F133et12  sejf  F 308et4  F 166et6
EXPORTS:
36 Fuels varies varies sejid 349e+4 1.88e+6
f/O WS 37 Metals varies varies sejlg 4.66e+3 251e+5

38 Minerals varies
39 Food &ag. products varies
40 Livestock, meat, fish varies
41 Plastics & synthetic rubber varies
42 Chemicals varies
43 Finished products varies
44 Mach. &trans equip. varies
45 Other refined goods varies
46 Electricity 3.28e+7
47 Service in exports 1.50e+12
48 Tourism 246e+11

varies sejlg " 3.64e+2 " 1.96e+4
varies sejld T 403e+3 T 217e+5
varies sejld 143e+3 7.6%e+4
varies sejlg 1.08et+4 5.81et5
varies varies 1.73e+3 9.30e+4
varies varies 1.77e+3 9.52e+4
varies varies 7.39e+4 3.97e+6
F186e+12 sej/$ 8.54e+1 459¢e+3
2.21E+05 seji 7.25e+1 3.90e+3
1.86e+12 sej/$ 2.80e+4 151e+6
1.86e+12 sej/$ 4.58e+3 2.46et5

oW oW oW

b |
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National Evaluation Tem

Aggregated Summary Flows, USA 2015

Table 2 is the Summary Flow Table of emergy flows aggregated from the individual line item flows.

Description Units Calculation Value
Renewable Emergy Flow sej largestland flow + largest continental shelf flow %6 46e+23
Total Nonrenewable Emergy Flow sej sum ofline items 15 to 23 Pl 10e+25
Dispersed Nonrenewable Production sej sum ofline items 15 to 18 B 65e+23
Concentrated Nonrenewable Production sej sum ofline items 19 to 23 Fl 01e+25
Concentrated Nonrenewable Use sej (N1+N2)-N2 % .93e+24
Nonrenewable Flow - Exported withoutUse  sej N2(f) - N2(m) ¥ 99e+23
Fuels Exported Without Use sej unrefined portion ofline item 36 ¥l 57e+23
Mineral & Metal Exported Without Use Sej unrefined portion ofline items 37 and 38 % 15e+22
Fuels, Metals and Minerals Imports sej sum ofline items 24 to 26 % 81e+24
Goods and Electricity Imports Sej sum ofline items 27 to 34 ¥l 15e+25
Money ($) for Imports $ line item 35 B 31e+12
Imported Services sej line item 35 " 08e+24
Fuels, Metals and Minerals Exports sej sum ofline items 36 to 38 B 99e+24
Goods and Electricity Exports sej sum ofline items 39 to 46 % .39e+24
Money ($) for Exports $ line item 47 ¥l 50e+12
Exported Services sej line item 47 ¥ 80e+24
Gross Domestic Product (GDP) $ Reported Data P 67e+13
World Emergy Money Ratio (EMR) sej/$ (biosphere inputs + global N1) Fl 33e+12
National Emergy Money Ratio (EMR) sej/$ Total Emergy Used / GDP Pl 86e+12
Total Land Area sq.meters Reported Data % .16e+12
Total Population # Reported Data .21e+8




National Evaluation Tem

Emergy indices,

USA 2015

Table 3 is the Emergy Indices Table, containing indices respresenting various aspects of system condition

ltem
1

© O NOoO O bk Wi

Index Name

Total Emergy Used (U)

Total Imported Emergy (IMP)
Total Exported Emergy (EXP)
Imports minus Exports

Imports to Exports

Imports to Exports (excl. services)
Empower Density (Use per Area)
Use per Capita

Renewable Flow per Capita
Non-Renewable Flow per Capita
Total Fuel Use

Fuel Use per Capita

Emergy Investment Ratio (EIR)
Environmental Loading Ratio (ELR)
Emergy Yield Ratio (EYR)
Emergy Sustainability Index (ESI)
Exported without Use fraction
Indigenous fraction

Renewable fraction

Purchased fraction

Imported Service fraction
Concentrated:Rural Emergy Use
Electricity fraction

Soil Loss per Area

Soil Loss fraction

Water Overuse fraction

Fish Overuse fraction
Deforestation fraction

Natural Capital Depletion fraction
Emergy footprint

Units
Sej
sej
sej
sej

sej/mA2
sejlcapita
sejlcapita
sejlcapita
sej
sejlcapita

Calculation*

R+NO +N1+IMP

F(i) + G(i) + modified P2l

F(e) + G(e) + modified P1E + tourism
IMP - EXP

IMP/EXP

[F(i) + G(i)] / [F(e) + G(e)]
U/Area

U /Population

R /Population

N'/Population (N'=N1+Soil Loss)

Production + Imports - Exported without Use

Total Fuel Use/Population
IMP/(R+NO+N1)
(IMP+NO+N1) /R

Total Use / (NO+N1+IMP)
EYR/ELR

N2 /EXP

(NO + N1+ R) /Total Use
R /Total Use

IMP / Total Use

P21/ Total Use
(IMP+N1) / (R+NO)
Electricity / Total Use

Soil loss / Area

Soil loss / Total Use
Water Overuse / Total Use
Fish Overuse / Total Use
Deforestation / Total Use
Total Natural Capital / Total Use

I B B D DR B DN DN DR DO DR NN DN DN DN DN BN B N DN BN B BN BN |

b

b

Value
3.10e+25
1.94e+25
162e+25
291e+24
1.18e+0
1.22e+0
3.39e+12
9.66e+16
2.63e+15
3.36e+16
1.34e+25
417e+16
167e+0
357e+1
1.60e+0
4 48e-2
1.49e-2
3.75e-1
2.73e-2
6.25e-1
991e-2
1.71e+1
1.00e-1
9.44e+10
2.79%e-2

6.00e-6

2.79e-2
3.36e+14




National Evaluation Tem

The emergy flows support

the country are aggregated s
using this generic national Minerals
diagram. i

Non-
Renewable

Outside
Markets

Renewable

Environmental
Energies

Systems




National Evaluation Template:

Summary Diagram, USA 2015

Renew.
Res.

Dispersed

Rural and
Natural Systems

United States

Renewable/Use:

Natural Capital/Use:

Use, sej/capita:
Use, sejim?:
Imports/Exports:
Env. Load Ratio:
Investment Ratio:

Sustainability Index:

2.73e-
2.79e-
9.66e+16
3.39e+12
1.18e+0
3.57e+1
1.67e+0
4.48e-

Renewables

1.18e+25

Indigenous
Sources [R, NO, N1, N2]

P1 = 1.86e+12 sej/$
P2 = 1.33e+12 seji$

- = = = > Noney

Imports
[F(), Gli), P21)

1.94e+25

United States

1.64e+25

Exports
[P1E, N2, F(e), G(e)]







