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Abstract

In these times of changing availability of energy, designs of agroecosystems
which are economicaily successful are changing and with them the role of
agricuiture in national economies and foreign trade: understanding the structure
and process of agroecosystems and their role in the economies of humanity and
nature has become an important way of studying alternatives.

An emergy analysis of Italian agroecosystem is presented, showing its
sustainability and net emergy yield, giving the total amount of emergy used, some
new transformities and indices to evaluate the quality of products and processes.
A comparison with previous energy analyses of Italian agriculture is performed, in
order to evaluate the effect of including transformities.

1. INTRODUCTION

As a nation becomes highly developed with urban civilization, what kinds of
agriculture are compatible? A spatial hierarchy develops with cities as the
centers. Lands near cities are either removed from agricultural production or
require intensive, high value crops to compete with alternative economic uses,
pay the high taxes and continue as part of the high density urban economy. In
this study main kinds of agriculture in contemporary Italy were evaluated using
emergy indices to evaluate contributions and concentration.

Maximum power theory (Lotka 1922, Odum 1988) suggests that system
designs which maximize emergy production and use will prevail over less optimal
system configurations. Systems which maximize emergy and reinforce production
are sustainable, the others are displaced by those with better reinforcement of
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their productive basis. Consumption which does not reinforce production does not
compete.

Despite the present favourable cost of fossil fuels, there is no doubt that a
gradual decline of availability of cheap fuel will occur the world over and the
recent urban basis of the economy will have to decrease; agriculture will once
again become more and more the mainstay of the economy. The averall economy
will benefit from efficiencies in agriculture that replace high emergy purchased
inputs with free environmental inputs. Agricultural policies need to recognize
these inevitable trends and facilitate the adaptation to more, but low-intensity,
agriculture.

2. PREVIOUS ENERGY EVALUATIONS

A number of papers have evaluated the main inputs to current agriculture in
ltaly (Triolo et al, 1984, Samperi et al. 1989; Biondi ef al, 1989).

All these studies only take into account the direct and indirect use of fossil
energy in ltalian agriculture. Material goods used in agricultural production are
evaluated using only the energy required in their production from raw material and
delivery {mining, processing and transporting); fuels are also evaluated for their
energy content per unit quantity.

Samperi also estimates the energy value of human service as the caloric
equivatent of daily diet of the worker, while Triolo and Biondi report the total
working hours, without including them into the total input: in their opinion, labor
can be considered negligible and of minor importance in comparison with fossil
energy inputs. There is also considerable controversy regarding appropriate
evaiuation of labor inputs.

Biondi and Samperi do not evaluate the energy content of products, while
Triolo evaluates the output/input ratio of Italian agriculture, using the enthalpy of
combustion of products. All these authors underline that combustion enthalpy
doesn't account for the nutritional value of agricultural products, due to complexity
of their chemical composition and function. Triolo also underiines the quality
difference between energy inputs from different sources, but no methodology is
suggested to perform a better evaluation. Output/input ratio of Italian agriculture
is evaluated as 1.86 in Triolo's analysis; it is 1.9 tor wheat, 2.9 for rice and corn,
3.1 for sugar beet, 1,3 for sunflower, 3.3 for forage, 0.92 for vineyard, 0.77 for
olive, 0.71 for fruits, 0.52 for oranges, 0.22 for almonds. Qutput/input ratio is
considered like a measure of the process efficiency in using energy inputs: ratios
less than 1 do not provide net energy, since these Crops regquire more energy
than they provide. -

Finally, the energy inputs from free environmental sources {(sunlight, rain, earth
cycle, topsoil used up) are not taken into account, even if they are sometimes
scarce {water) or slowly renewable (topsoil) and their misuse should be carefully
avoided.

Despite their accuracy, the previous analyses cannot provide an overall view
of ltalian agriculture. For this purpose, a complete analysis of all energy sources
is needed, comparing them on a common equivalent basis. Calculation of more
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comprehensive indices than the usual output/input ratio is required to lend insight
into energy hierarchy of crops, environmental loading, net energy yield, energy
investment and effective contribution ot a product to the self-organizing system of
economy and nature. .

3. CONCEPTS AND DEFINITIONS

fn this paper, the inputs of solar energy, fuels, electricity, fertilizer materials,
human services, capital assets and information required for agriculture have been
put on a common basis by evaluating the solar emergy as done in some previous
papers on agriculture (Odum 1984; Odum and Odum 1985, 1987). The following
are definitions and concepts used in the evaluation of Italian agricuiture.

Solar transformity, the solar equivalent energy directly and indirectly required
for a joule of product (Figure 1), and solar emergy, the total solar energy required
to generate a product, are the basis of a methodology for systems analysis, being
a measure for determining the best aliernatives in resource use, environmental
impact, national and international policies for a better equilibrium of human
society and nature. Solar emergy expressed in solar emjoules (Odum, 1984,
1991, Scienceman, 1987} is the energy of one kind (solar insolation) required
directly and indirectly to generate a product or service. Figure 2 shows the energy
language diagramming symbols and definitions used in this study.

Emergy is not only a measure of what went into a product, it is a measure of
the useful contributions which can be expected from that product as a system
self-organizes for maximum production. Time is maybe required for self-
organizing systems to develop strategies for effective use of available emergy.
Studying the emergy flows and storages of a production system can help to make
choices with less trial and error about what processes and designs are preferable
for maximum sustainable wealith.

Solar transformity defined as the solar emergy per unit energy measures
position of an item in the energy hierarchy of the universe. It is a quality index for
every input or product and it accounts for the tolal solar or solar equivalent
energy involved in the unit process. The larger it is the larger is the prior use of
solar energy in generating that flow. If real surviving systems are erganized to
utilize emergy at optimum efficiency for maximum power, flows requiring more
emergy to develop will be found only where the products of those flows have
commensurate effect. Thus the transformity is a measure of the quality of the
process of product both in the sense of what is invested in it and in the effect it
has in real systems.

The net emergy yield ratio is the emergy of an output divided by the emergy of
those inputs to the process that are fed back from the economy (Figure 3). This
ratio indicates whether the process can compete in supplying a primary energy
source for an economy. Recently the ratio for typical competitive sources of fuels
has been about 6 to 1. Processes yielding less than this cannot be considered
primary emergy sources.

The emergy investment ratio is the ratio of the emergy fed back from the
economy 1o the indigenous emergy inputs (Figure 3}). This ratio indicates if the
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Solar 100 Transformation 5 p
Energy Input Transformed
Energy Energy
95
Joules /Day Degraded Energy
L 2

Flow of Solar Emergy of P = 100 Solar Emjoules /Day

100 Solar Emjoules /Day
Solar Transformity of P
5 Joules/Day

20 Solar Emjoules /Joule

Figure 1. Diagram of a one source energy transformation illustraling the concepts of
energy conservation, solar emergy and solar transformity.
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QOUTSIDE ENERGY SOURCE - delivers
energy flow from oulside the syslem,

HEAT SINK - drains out degraded energy
after its use in work.

_, ENERGY STORAGE TANK - stores and
delivers energy flow,
ENERGY INTERACTION - requires two or
more kinds of energy to produce high quality
energy flow,

ENERGY-MONEY TRANSACTION - money
flaws in exchange for energy.

GENERAL PURPQSE BOX - for any sub-unit
needed, is iabeled to indicate use.

l
i

CONSUMER UMIT - uses high quality energy,
self-maintaining; details may be shown inside.

‘—._*__
d PRODUCER UNIT - converts and
concentrates solar energy, sell-maintaining;
details may be shown inside.

Figure 2. Symbols of the energy language used to represent systems (Odum, 1983).
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process is economical as utilizer of the economy’s investments in comparison to
alternatives. To be economical, the process shouid have a similar ratio to its
competitors. If it receives less from the economy, the ratio is less and its prices
are less so that it will tend to compete in the market. Its prices are less when it is
receiving a higher percentage of its useful work free from the environment than
its competitors. However, operation at a low investment ratio uses less of the
attracted investment than is possible, The tendency will be 1o increase the
purchased inputs so as to process more output and more money. The tendency is
towards optimum resource use. Thus, operations above or below the regional
investment ratio wiil tend to change lowards the investment ratio.

The environmental loading ratio (Figure 3) is the ratio of purchased and
nonrenewable indigenous emergy to free environmental emergy. It is like the
"load" on an eiectric circuit. A large ratio suggests a high technological level in
emergy use as well as a high level of environmental stress. Even when the
emergy investment ratio is low (the process runs upon indigenous minerals or
fuels sources), the environmental loading ratio can be very high.

The emergy/gross national product or emergy/dollar ratio (sej/$) for a country
and a particular year is the ratio of the total emergy used by the country from all
sources divided by the gross national product (GNP) for that year. It includes
emergy used in renewable environmental resources, such as rain, nonrenewable
resources used such as fuel reserves and organic matter in soil, imported
resources and imported goods and services. Rural countries have a higher
emergy/dollar ratio because more of their economy invoives direct environmental
resources inputs not paid for. The term macroeconomic value (Tables 1 and 2)
refers to the total amount of money flow generated in the entire economy by a
given amount of emergy input. It is calculated by dividing the emergy input by the
emergy/GNP ratio. A higher macroeconomic value means that a product or
process contributes more to the economy. It has been proposed (G.Pillet, 1991)
that the macroeconomic value of a resource could be considered as a shadow
price of the resource itself: the examination of the role of indirect environmental
services conjointly with the inputs of human labor and economic goods and
services will help to avoid a misuse of these resources.

Finally, the empower density, i.e. the emergy flow per unit area (with the units
solar emjoules per m2 per unit time), is a measure of spatial concentration of
emergy within a process or system. '

4. EMERGY BASIS OF ITALIAN AGRICULTURE

The inputs and products of ltalian agriculture are represented schematically in
Figure 4, as a production process combining solar energy, fertilizer nutrients, soil,
land, labor and capital to yield products and by-products of food and fiber. This
agricultural system is embedded in the larger systems of biosphere and ltalian
€CoNOMIc process.

The resource basis of Italian agriculture is presented in Table 1. It includes the
main renewable and nonrenewable environmental sources (sunlight, rain, earth
cycle, topsoil) as well as the nonrenewable inputls purchased from the main
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Table 1.
Emergy Analysis of Resources Basis for ltalian Agriculture, 1989.
Solar Ref. Solar  Macroeconom.
Note ltem Raw Unils Transform. Transf. Emergy Vaiue (#)
{sejunit) ™ (E20sej) {1982 US $)
1,00E+09
RENEWABLE RESOURCES
1 Sunlight 6,17E+20 J 1 A 6,17 0,42
2 Rain chem. potential 3,59E+17 J 18198 A 65,33 4,47
3 Rain geopotential 3,15E+17 J 10488 A 33,07 2,27
4 Earth cycle 5,07E+17 J 34377 A 174,29 11,94
NON RENEWABLE SOURCES FROM WITHIN THE SYSTEM
5 Net loss of topsaoil 212E416 J 62500 A 13,26 0.9
APPLIED ENERGY AND LABOR
6 Electricity, crop prod. 1,05E+16 J 200000 A 21,02 1,44
7 Electricily, livestock 2,94E415 ) 200000 A 5,89 0,40
8 Lubricants 9,04E+14 J 66000 A 0,60 0,04
9 Diesel, crop prod. 9,53E+16 J 66000 A 62,88 4,31
10 Diesel, livestock 294E+15 J 66000 A 1,94 0,13
11 Gasoline 1.07E+16 J 66000 A 7,04 0,48
12 Labor, crop prod. 3,56E+15 J 738E+08 C 262,46 17,98
13 Labor, livestock 2.80E+15 J 738E+06 C 206,88 1417
GOODS AND ASSETS FOR CROP PRODUCTION
14 Potash fertitizers, K20 437E+11 g 2,96E+08 B 12,94 0,89
15 Nitrogen fertifizers, N 9.23E+11 g 462E+09 A 42,64 2,92
16 Phosphate fedil., P205 6,86E+11 g 1,78E+10 A 122,11 8,36
17 Pesticides 1,29E+16 J 6,60E+04 A 8,52 0,58
18 Mechanical equipment 6,42E+11 g 6,70E+09 B 43,01 2,95
19 Seeds 8,93E+15 J 66000 A 5,89 0,40
20 Assets, crop prod. 6,56E+15 J 66000 A 4,33 0,30
GOODS AND ASSETS FOR LIVESTOCK
21 Assets, livestock 3,57E+15 J 66000 A 2,38 0.16
22 Industrial fodder 4,72E416 J 66000 A 31,15 2,13
23 Forage 316E+17 J 79951 C 252,59 17,30
J 66000 A 1,98 0,14

24 Self-produced fodder 3,00E+15

*

{"} References for transformities are given in Appendix A; footnotes in Appendix B.
(#) Emergy divided by 1,46E+12 sej/$ {(Emergy/dollar ratio of ltaly, 1989) [D].
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economy (electricity, fuels, seeds, fertilizers, pesticides, mechanical equipment,
labor and assets). The analysis includes the two subsystems of crop and
livestock production; the first one directly provides emergy to the second in the
form of forage, while other kinds of fodder come from outside, after being
processed in the industrial system.

An emergy analysis of the production of selected crops was performed and the
results are schematized in Table 2, giving the total emergy input and solar
transformities for each crop. An example is given in Table 3, emergy analysis of
forage. Table 2 also summarizes the total production of agricultural and livestock
subsystems as well as the total emergy inputs and transformities.

A summary of the emergy flows is given in Table 4 and diagrammed in Figure
5, while Table 5 shows the indices of emergy use calculated for a better overview
and evaluation of the whole process. Particular care is needed when adding items
from the two subsystems {see Table 4), in order to avoid double counting.

Finally, the net emergy yieid ratio, the emergy investment ratio, the
environmental loading ratio and the empower density were calculated for the
crops of Table 2 and results are compared in Table 6.

5. DISCUSSION

The crop production subsystem in ltalian agriculture required 8.5E22 sej/yr,
while livestock subsystem was supported by 5.0E22 sej/yr. The sum of the two
items without double counting (Table 4, item 7¢), gives the total emergy driving
italian food production, estimated at 10.8E22 sej/yr (Figure 5). System's area was
chosen as total cultivated land, when analyzing crop production; it was total area
of assets plus hectares cultivated with forage, when livestock subsystem was
considered.

A very large contribution to Italian food production comes from goods (mostly
chemicals and machinery) and human labor. Free renewable sources to crop
production were evaluated (items 1 to 4, Table 1) as well as rural noenrenewable
sources from within the system (item 5, Table 1). Human labor can be considered
a product of the overall system of economy and nature of ltaly, which runs on
9.5% renewable emergy and 90.5% nonrenewable emergy (Ulgiati et al, 1992},
so it is possibie to assign 9.5% of human labor emergy to renewable sources and
the remaining part to nonrenewable sources supporting agricultural process in
ltaly. Thus renewable (environmental and 9.5% labor) emergy accounts for 31%
of total emergy driving the process of crop production.

Emergy in topsoil that is used up (organic matter slowly renewable) cannot be
considered a renewable source in the time range under study. Yet it is a free
resource and therefore is treated somewhat differently from other purchased non
renewables. Free emergy inputs (environmental and topsoil; R1 and Not in Table
4) accounts for 30% of total emergy used in Italian crop production.

A complete and detailed evaluation of renewable environmental as well as free
nonrenewable emergy sources driving the livestock subsystem (R2 and Noz,
items 1b and 2b in Table 4) is still in progress. Crop production subsystem
provides feed stuff to animal production, mastly in the form of forage (items 22 to
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Table 2.
Emergy Analysis of Selected Crops and Products in Halian Agriculture, 1989.
Solar Ret. Solar  Macroeconom.
Note ltem Raw Units Transform. Transf. Emergy Value (#)
(sejfunit) M {E20 sej) (1989 US§)
1,00E+09
SELECTED CROPS
1 Rice 1,56E+16 J 77779 C 12,17 0,83
2 Forage 4 52E417 J 79951 C 361,53 24,76
3 Sugar Beet 4,74E+16 J 84501 C 40,25 2,76
4 Cormn 9.44E+16 J 85178 C 80,37 5,50
5 Wheat 1,08E+17 J 1,59E+05 C 173,01 11,85
6 Fruits 9,99E+15 J 2,87E405 - C 28,72 1,97
7 Vineyard 274E+16 J 341E+05 C 93,57 6,41
8 Oranges & Lemons 519E+15 J 3,82E+05 C 19,82 1,36
9 Olive 2,18E+16 J 530E+05 C 115,81 7,93
10 Sunflower 7,.09E+15 J 791E+05 C 56,12 3,84
11 Almond 6,80E+14 J 8,43E+05 C 573 0,39
TOTAL PRCDUCTION
12 Crop Preduction 8,16E+17 J
13 Livestock Production 1,50E+16 J
14 Crop Residues 6,40E+17 J
TRANSFORMITIES EVALUATION
15 Emergy, crop prod. (item 7, Table 4) 848,32 sgj
16 Emergy, livestock (item 7, Table 4) 502,78 sej
17 Transform. crops (item 8, Table 4) 1,04E+05  sej
18 Transform. livestock (item 9, Table 4) 3,17E+06 sejf

{*) Reterences for transformities are given in Appendix A; footnotes in Appendix B.
(#) Emergy divided by 1,46E+12 sej/$ (Emergy/dollar ratio of ltaly, 1988) [D].
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Table 3.
Emergy Analysis of Forage Production per Hectare, Italy.
Solar Ref.
Note ltem Raw Units Transform. Transf.
{sej/unit} ]
RENEWABLE RESQURCES
1 Sunlight 3,65E+13 J 1 A
2 Rain Chemical Pot. 2,12E+10 J 18199 A
3 Earth cycle 3.00E+10 J 34377 A
NON RENEWABLE SOURCES FROM WITHIN THE SYSTEM
4 Net loss of topsoil 1,26E+09 J 62500 A
APPLIED ENERGY AND LABOR
5 Electricity 6,82E+07 J 200000 A
6 Lubricants 1,42E408 J 66000 A
7 Diesel 4,60E+09 J 66000 A
8 Gasoline 2,51E+08 J 66000 A
9 Labor 8,32E+07 J 7.38E4+06 C
GOODS AND ASSETS
10 Potash Fertilizers, K20 317E+04 g 2,96E+09 B
11 Nitrogen Fertilizers, N 3,50E+04 ¢ 4,62E+09 A
12 Phosphate Ferlil., P205 410E+04 ¢ 1,78E+10 A
13 Pesticides 582E+07 J 66000 A
14 Mechanical Equipment 3.27E+08 J 66000 B
15 Seeds 4,24E+07 J 66000 A
PRODUCTION
16 Forage Harvested 4,34E+10 J
17 Total Emergy
18 Solar Transformity 79951  sejij
19 Tolal Heclares 7,86E+06 Ha

Solar
Emergy

0,37
3.87
10,31

0,78

0,14
0,09
3.04
017
6,14

0,94
1,66
7,29
0,04
0,22
0,03

34,70

Macroecon.
Value (#)
{E14 sej) (1989 US $)

25,00
264,78
706,38

53,76

9,34
6,43
207,88
11,33
420,33

64,19
113,54
499,25

2,63

14,76

1,892

(*) References for ransformities are given in Appendix A; footnoles in Appendix B.

{#) Emergy divided by

1,46E+12 sej/$ (Emergy/dollar ratio of ltaly in 1989) [D].



Table 4.

Summary Flows for ltalian Agricultural System, 1989.

Iten Name of the flow

1 Renew. environmental scurces:
Crop production
Livestock production

Whole system, w. d. c.

2 Dispersed non renew.rural sources:

Crop production
Livestock production

Whole system, w. d. c.

3 Fuels in crop production
Fuels in livestock production
Whole system

4 Electricity in crop production
Electricity, livestock production
Whole system

§ Goods in crop production
Goods in livestock production
Whole system, w. d. c.

6 Labor in crop production
Labor in livestock production
Whole sysiem

7 Total Emergy in crop production

Total Emergy in livestock, w. d. ¢.

Total Emergy, w. d. c.

199

Solar Emergy

Expression (E20 sejy) Unit
R1 239,62 sejiyr
R2=
=40.9% of total feed siuff+... 116,76  sejiyr
R=Ri+..(ne) 239,62 sejfyr
Not 13,26 sejiyr
No2=

=2.2% of total feed stuff+... 6,46  sejfyr
No= No1+...(ne.) 13,26  sejiyr
F1 70,52  sejyr
F2 1,94  sejyr
F=F14+F2 72,46  sejfyr
E1 21,02  sejiyr
E2 589 sejlyr
E= E1+E2 26,90 sejwyr
G1 239,44  sejiyr
G2 288,07 sejlyr
G 259,51  sejiyr
L1 262,46 sejlyr

L2 206,88 sejiyr
L=L1+L2 469,33 sejiyr
U1 846,32 sejiyr
uz 502,78 sejiyr

u 1081,10  sejfyr

8 Transformity, crop production
9 Transform. livestock production

10 Transt. whole sysiem

U1l/crops energy
U2/livest.energy

U/tolal energy

w. d. ¢.= without double counting
n.e. =not evaluated

1.04E405  sejfj
317E+06  sejij

1,30E+05  sej/j
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Table 5.

Indices using Emergy for overview of talian Agriculture, 1989.

lterr Name of the index

1 Empower density in crop prod.
In livestock production
Whole system

2 Renewable emergy in crop prod.
In iivestock production
Whole system, w. d. ¢.

3 Renewableftotal in crop prod.
In livestock production
Whole system

4 Non renew. emergy in crop prod.
In livestock production

Whole system, w. d. ¢.
5 Purchased emergy in crop prod.
In livestock production
Whole system, w. d. c.
6 Purchasedftotal in crop prod.
In livestock production
Whole system, w. d. c.
7 Free emergy in crop production
In livestock production
Whole system
8 Free/Total in crop production
In livestock production
Whole system
9 Net emergy yield ratio, crop prod.
In livestock production
Whole system

10 Environm.loading ratio, crop prod.

I livestock production
Whole system
11 Emergy investm.ratio, crop prod.
in livestock production
Whole system

Solar Emergy

Expression Flows (*)
and Ratios
Utilled area 50E+11
U2/area for livestock 6,39E+11
Ustotal area 6,40E+11
C1= R1+0.095L1 2,65E+22
C2=R2+0.095.2 1,36E+22
C= R40.095L 2,84E+22
C1/Udt 0,31
camnz 0,27
{R+No+L)/U 0,28
D1= Nol1+F1+E1+G1+0.905L1 582E+22
D2= No2+F2+E2+(assets)+

+55% of total feed stuff+0.905L2 3,66E+22

)] 7,79E+22

Mi=F1+E1+G1+L1 593E+22
M2=F2+E2+{G2-R2-No2)+L2 3,80E+22
M 8,28E+22

M1/ 0,70

M2/U2 0,75

MU 0,77

Ri+Not 2.53E+22

R2+No2 1,23E+22

R+No 2,53E+22
{R1+No1)/U1 0,30
{R2+No2)/U2 0,25
(R+NoyU 0.23

Emergy yield/purchased emergy 1,43
Emergy yield/purchased emergy 1,32
Emergy yield/purchased emergy 1,31
(U1-R1)¥/R1 2,53
(U2-R2yR2 3,31

(U-R)R 3,51
M1/(R1+No1) 2,35
M2/(R2+No2+...) 3,08

M/{R+No+...) 3,28

(*) Flows in items 2-4-5-7 are in sejfyr; flows in item 1 are in sej/m2/yr.

n.e.= not evaluated
w. d. ¢.= without double counting
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Environ-
mental
inputs

Purchased
inputs

235

Purchased

inputs

594

253

Livestock

Crop production production

488
Market

594

E20 Solar Emwjoules/year

Y1 = Solar Emergy of Crops
= (253 + 594) £20 = 847 E20 sej/yr.

Y2 = Solar Emergy of Livestock
= {235 + 253) £E20 = 488 E20 sej/yr.

Y3 = Total Solar Emergy to the System,

without double counting
= (253 + 594 + 235) E20 ~ 1.1 E23 sejiyr.

Figure 5. Summary diagram of energy flows.
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24, Table 1). The renewable environmental component in forage production (rain,
earth cycle; Table 3} was 40.9% of total emergy used, while non renewabie rural
emergy (topsoil; Table 3) accounted for 2.2%. Therefore R2 (item 1b, 2able 4) and
No2 (item 2b, Table 4) were evaluated respectively as 40.9% and 2.6% of total
{mostly forage) feed stuff provided to livestock. Grazing is a minor practice in
ftaly and it was included in forage production. Thus the renewable emergy
contribution to livestock subsystem accounts for 27% of total emergy flow.
Nonrenewable emergy other than rural in forage production was 55% of total
input: this percent was used in calculating total nonrenewabie contribution to
livestock (item 3b, Table 5).

In this way it was not possible to evaluate the free emergy contributions to the
livestock subsystem in the form of water storages use nor to evaluate other minor
environmental inputs eventually occurring. Neither the total emergy flow to
livestock nor livestock transformity should be much affected by neglecting these
minor inputs. However, some indices in Table 5 may be sensitive to their inclusion
or exclusion.

Environmental loading ratio for ltaly as a whole is 9.47 (Ulgiati et al, 1992),
much more than the same ratio for crop production, which is 2.5, and for livestock
subsystem, which is 3.3. Careful review of the production processes listed in
Table & shows that some crops contribute more to environmental stress (the
environmental loading ratio for sunflower is 27.8, for oranges 11.8, for fruits 9.37)
while others are largely under the national average of ltaly.

Empower density is very large for sunflower (40.8E11 sej/m2/yr, Table 6), close
to the national average of emergy use in ltaly (42.0E11 sej/m2/yr). It is less for
the other crops. The average for total crop production is 5.0E11 sef/m2, while it is
6.4E11 sej/m2 for livestock.

The emergy investment ratio was evaluated for selected crops. Nation wide
averaging hides trends at a local level, yet it gives a general bench-mark to which
comparisons of economic advantage can be made for local crop production. For
instance, if the investment ratio for one crop in region A is largely over the
national average for that crop or the value for the same crop in region B, the
production in region A may be not competitive, because it requires more
purchased emergy to exploit the unit amount of local resource. Even if the total
preduct is more, its emergy cost is high compared to alternatives. Otherwise, if a
region has a low emergy investment ratio, it is probable that the local resources
are not being exploited at optimum efficiency, as suggested by the maximum
power principle.

Solar transformities for total average crops and average meat production as
well as for selected crops were evaluated (Table 2). A hierarchy of Italian food
production results (i.e. there are large amounts of low transformity foods
produced and a smaller amount of higher transformity foods). Since transformity
is both an index of quality and a measure of a product's effect when used in real
self-organizing systems, the presence of very high transformity and emergy
investment ratio for sunflower raises several questions. Is this product a
necessary part of some other systems, which in their contribution as a whole
justify such a large purchased input per unit area of land? Is this product a luxury,



204

a result of free market diversion of resources? Is this product something that will
be eliminated when resources are scarcer? A supplemental analysis is required.

Finally, the global net emergy yield ratio (Table 4) of Italian crop production was
calculated as 1.43. While Italian agriculture is a net emergy yielder, the relatively
low ratio indicates that it cannot be considered as a primary energy source. Some
crops (Table 6} show similar or higher ratios (rice, forage), whiie others show
ratios very close to 1 (sunflower, oranges, sugar beet). Because these last
agricultural crops use almost as much emergy from the economy as they vield to
it, they contribute little to the economy. However, if agricultural products from the
present ltalian agricultural management practices were used as primary emergy
sources, their emergy yield ratios are such that they would not be competitive
with fossil fuels.

As oil, gas and related products become scarcer and more precious, their value
as emergy sources will be reduced and the importance of agriculture as a
potential net emergy -provider will increase. As oil and gas prices approach their
real value, agriculture will have to rely less on these inputs. Fuels, chemical
fertilizers and pesticides will have to be replaced by the optimal use of land and
labor. Land and labor will have to be utilized in a fashion that will increase the
efficiency of using environmental inputs so that agriculture will become once
again the main source of net emergy. Optimum rather than maximum production

will be the goal.
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APPENDIX B

Footnotes to Table 1; references for footnotes are given in Appendix C.

RENEWABLE RESOQURCES
1 SOLAR ENERGY:
Land Area = 1,69E+11 m*2 ]
ingolation = 1,09E+02 Kcallom*2/yr [3]
Albedo fand = 0,20 (% given as decimal) [6]
Energy (J/y)= {land area){avg. insolation){1 -albedo)=

—(1.69E+11 m*2){1.09E +2 Kcalicm*2/y)(E+04 cm*2/m*2)
(1-0.20)(4186 Jikcal)=
= 6,17E+20  Jiy

2 RAIN CHEMICAL POTENTIAL:

Land Area = 1,69E+11 m*2 1]
Rain {average)= 0,99 m/y [3]
Evapotransp.Rate= 0,43 miy (43.6% of total raintall) [3,6]

Energy on land= (Area){Evapotranspired rainfali}{Water density){Gibbs no.)
- (1.69E+11 m*2){0.43 m)({1000 kg/m*3)({4.94E+03 J/kg)
= 3,59E+17 Jy

3 RAIN, GEOPOTENTIAL ENERGY:

Area = 1,69E+11 m"2 {1]
Rainfall = 0,99 mfy £3]
Average elevation= 340,00 m [7]
Runotf rate = 0,56 miy (56.4% of total rainfall) [3]

Energy= {area)({runolf rate){water density}avg. elevation)(gravity)
= (1.69E+11 M*2)(0.56 m/y)(1000 kg/m~3)(340 m)(9.8 m/s"2)
= 3,15E+17 Jiy

4 EARTH CYCLE (steady state uplift batanced by erosion)
Heat flow per area = 3,00E+06 J/m2/y [A]
Land area = 1,69E+11 m2 1]
Energy [Jy) = (land area)(heat flow per area)
= {1.69E+11 m2)(3.00E+6 J/m2/y)
= 507E+17 Jiy

NON RENEWABLE SOURCES FROM WITHIN THE SYSTEM
5 NET LOSS OF TOPSOIL

Farmed Area 1,60E+11 m2 1]
Erosionrate = 2,00E+02 g/im2fy (8]
% organic in soil = 3,00E-02 [A]
Energy cont./g organic= 5,00E+00 kcal/g [A]

Netloss = (farmed area)(erosion rate)
= (1.69E+11 m2)(200 g/m2/y)=



= 3,38E+13 o'y
Energy of net lass (J/y) = (net loss){% org.in soil)(5.4 Kealig){4186 Jrkcal)

= (3.38E+13 g/y}{0.03)(5.0 kcal/g){4186 Jikcal)=

= 212E+186 Jiy

APPLIED ENERGY AND LABOR
6 ELECTRICITY USED FOR CROP PRODUCTION
Total use = 2,92E+09 Kwhyy
Energy = (2 92E+9 Kwhry)(3.6E+6 J/IKwh)
1,05E+16 Jy

7 ELECTRICITY USED FOR LIVESTOCK
Total use = 8,1BE+08 Kwhyy
Energy = (8.18E+8 Kwh/y)(3.6E+6 J/Kwh)
= 2,94E+15 Jiy

8 LUBRICANTS, CROP PRODUCTION
Total Use= 1,20E+07 Kgly
Energy content per Kg= 7.53E+07 J/Kg
Energy (Jiy) = (lotal use){Energy content per Kg)

(1.20E+7 Kg/y)(5.00E+7 J/Kg)

= 9,04E+14 Jiy

i

9 DIESEL FOR CROP PRODUCTION (included fodder production for livestock)

Total Use= 1,85E+09 Kgry
Energy content per Kg= 515E+07 Jiv
Energy (Jry) = (total use}{Energy r-. .« per Kg)

{1.85E+9 Kg/y)}(5. \5E+7 JrKg)
= 9,53F+16 Jy

10 DIESEL FOR LIVESTOCK (fodder production is not included)
Total Use= 571E+07 Kgfy
Energy content per Kg= 5,15E+07 J/Kg
Energy (Jiy) = (total use){Energy content per Kg)
= (5.71E+7 Kgiy)(5.15E+7 JiKg)
= 2,94E+15 Jry

11 GASOLINE
Total Use= 1,93E+08 Kgry
Energy content per Kg= 5,53E+07 J/iKg

Energy {Jiy) = (total use)(Energy content per Kg)
= (1.93E+8 Kg/y)(5.53E+7 J/Kg)
= 1,07E+16  Jly

12 LABOR FOR CROP PRODUCTION
Energy input:

(1.3]

[1.3]

(1]
{51

[1]
[41

[1,5]
(41

(1
(4]
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Total man-days applied= 3,40E+08 working days (not trained labor) [1.4.5)
Daily metabol. energy= 2,50E+03 kcal/iday per person [A]
Total energy applied
perperson per year=  7,13£+05 Kcal/personiyr (285 working days/year)
= 2,98E+09 J/yr/person

Total energy input=

= (total metabolic energy/person/day)(total man-days applied)(4186 J/Kcal)

= 3,56E+15 Jiy

Emergy per person = 2,20E+16 sejly {Italy, 1989) D]
Solar Transformity of labor=

= (Total emergy/yr/person)f{ Tolal app lied energytyr/person)=

= 7,.38E+06 sejfj

13 LABCR FOR LIVESTOCK

Enargy input:
Total man-days applied= 2,68E+08 working days (not trained labor) [1.4,5)
Daily metabol. energy= 2,50E+03 keal/day per person [A]

Total energy input=
=(total metabolic energy/person/dayj{total man-days applied}(4186 J/Kcal)
= 2,80E+15 Jiy

GOODS AND ASSETS FOR CROP PRODUCTION
14 POTASH FERTILIZER

K20 content= 4,37E+11 giy [3]
15 NITROGEN FERTILIZER

N content= 9.23E+11 giy {3i
16 PHOSPHATE FERTILIZER

P205 conlent= 6,86E+11 giy [3]
17 PESTICIDES! Commercial Products

Total Use= 1,95E+08 Koy i3]

Pesticides used and energy for their production:

Anticryptogamics= 1.06E+08 Kgry  [3] ; 5,60E+07 JiKg

Herbicides= 2,88E+07 Kgry  [3] ; 9,10E+07 JiKg

Insecticides= 3.,58E+07 Kgty  [3] ; 5,30E+07 JrKg

Fytohormones= 2476407 Kgly  [3] ; 1,00E+08 J/Kg

Total energy= 1,29E+16 Jiy (oil equivalents}

18 MECHANICAL EQUIPMENT
Total equipment used= 6,42E+11 giy [4]
Energy for production of machinery= 9,20E+07 JiKg (4]
Total energy for machinery= SSIE+19 Sy (oil equivalents)

(4
(4]
(4]
{4]



19 SEEDS
Cereal seeds= 3,25E+08 Kgry
Potato= 7,65E407 Kary
Vegetables= 1,11E+07 Kgry
Qilseeds 1,52E+06 Kafy
Sugar Beel= 1,15E406 Kgry
Tobacco= 7,70E+03 Koy
Forage= 3, 11E+07 Kgfy
Total use of seeds= 4,46E4+08 Kgry

Average energy for production of seeds=
2,00E+07 JiKg

Total energy for seeds= (total use)(Energy for production)
8,93E+15 Jiy (oil equivalents)

20 ASSETS FOR CROP PRODUCTION
{Total assets and energy embodied for production and maintenance)

Greenhouses= 2,00E+04 Ha; 2,50E4+11 JHary
Plastic mulch= 2,00E+04 Ha;  7,80E+10 JrHaty
Total energy in assets= 6,56E+15 Jty  ({oil equivalents)

GOODS AND ASSETS FOR LIVESTOCK
21 ASSETS FOR LIVESTOCK :
(Total assets and energy embodied for production and maintenance)

Stables= 8,50E+03 Ha;  4,20E+11 JHary

Total energy in assels= 3,57E+15 Jiy  (oil equivalents)
22 FORAGE

Forage crops= 1,04E+11 Koy

Pasture= 8.68E+09 Kgry

Total forage= TA3E+11 Kgry

Energy content/unit= 7256402 KealKg

Total energy content= {Total fodder){ Energy contert per unit)
= (1.13E+11 Kg/y)(725 Kcal/Kg)(4186 JKcal}
= 3,16E+17 Jiy

23 INDUSTRIAL FODDER
Total used= 1,18E+13 gty
Energy for production= 4,00E+03 Jrg
Total energy required= (total used){Energy requirement)
= 4.72E416 Jiy (oil equivalents)

24 SELF-PRODUCED FODDER (production in the farm)
Total used= 749E4+11 gy
Energy for productions 4,00E+03 Jig
Total energy requireds= (fotal used)(Energy requirement)
= 3,00E+15 Jry (ot equivalents)

[2]

(4]

f4]

(4]

(1]

s}

]
(4

{1
(4]
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Footnotes to Table 2; references for footnotes are given in Appendix C.

SELECTED CROPS

1 RICE
Total preduction= 1,25E409 Kgry
Energy content per Kg=  3,00E+03 KecallKg
Total energy content= 3,74E4+12 Kcalry
= 1,56E+16 Jiy
2 FORAGE
Total production= 1,49E+11 Kaly
Energy content per Kg=  7,25E+02 * Keal/Kg
Total energy content= 1,08E+14 Kcalty
= 4,52E+17 Jiy
3 SUGAR BEET
Total production= 1,70E+10 Kagry
Energy content per Kg=  6,67E+02 KecaliKg
Total energy content= 1,13E+13 Kcally
= 4,74E+16 Jry
4 CORN
Total production= 6,44E+09 Kg/ly
Energy content per Kg=  3,50E+03 KeallKg
Total energy content= 2,25E+13 Kealry
= 9,44E+16 Jly
5 WHEAT
Total production= 7.88E+09 Kgty
Energy content per Kg=  3,30E+03 Kcal/Kg
Total energy content= 2,60E+13 Kealfy
= 1,09E417 Jry
6 FRUITS {Apples, pears, peaches, plums ed apricots)
Total production= 4,34E+09 Kgry
Energy content per Kg=  5,50E+02 Keal/Kg
Total energy content= 2,39E+12 Kcally
= 9,99E+15 Jry
7 VINEYARD
Total production= 9,64E+09 Kgry
Energy content per Kg=  6,80E+02 - Kcal/Kg
Total energy content= 6,55E+12 Kealiy

- 2,74E+16 Jy

(1]
(5}

{1}
[5]

{1
)

]
(5]

(1]
[

(1
(5]

(1]
[3]



8 ORANGES AND LEMONS

Total production= 2,82E+09
Energy content per Kg= 4,40E+02
Total energy content= 1,24E4+12

= 5.19E+15

g OLIWVE

Total production= 3,07E+09
Energy content per Kg= 1 ,TOE+03
Total energy content= 5,22E+12

= 2,18E+186

10 SUNFLOWER

Total production= 2. 78E408
Energy content per Kg=  6,10E+03
Total energy comntent= 1,69E+12

= 7,09E415

11 ALMOND

Total production= 1,02E+08
Energy content per Kg=  1,60E+03
Total energy content= 1,63E+11

= 6,80E+14

TOTAL PRODUCTION

12 AGRIGULTURAL PRODUCTION (see alsc items 1 0 11)
Energy (Jfy) = 1,05E+14  Kcally * (4186 J/Kcal)

e 8,16E+17  Jiy

Kaly
Kcallkg
Kcalfy
Jiy

Kgly
Kcal/Kg
Kcally
Jiy

Kgry
Kcal/Kg
Kcally

Jy

Kgly
Kcal/lKg
Kcalty
Jiy

13 LIVESTOCK PRODUCTION (meat, eggs, milk)

Total meat= 3,45E+09 Kgly

Total milk and cheese= 1,05E+10 Kg/y

Total eggs= 6,52E+09 Kgly
a) Meat:

Total protein content= (Tolal prod.}(0.22 organic}

Energy (J/y) = (Total production){0.22)(1000 g/Kg)(5.0 Kcalig)(4186 J/Kcal)
= (3.45E+9 Kg/y)(1E+03 g/Ka)(5.0 Kcalfg)(4186 J/Kcal)(0.22)=

= 1,59E+16

Jiy

b} Milk & Cheese {cheese praduced in the farmy:
Total protein content= (Total prod.)(0.22 organic)

Energy (Jfy) = {Total production)(0.22)(1000 o/Kg)(5.0 Kcalig)(4186 JiKcal)
= (1.05E+10 Kg/y){1E+03 g/KgH(5.0 Kcalig)(4186 JiKcah)(0.22)=

= 4,83E+16

Jy
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(51

(]
(5]

(1]
(5]

(]
(5}

(1.5]

(1]
{1
(1]

(1
[A]

(1
[A]
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c) Eggs:
Tolal protein content= (Tolal prod.)(0.22 organic) [A]
Energy (Jiy) = (Total preduction){0.22)(1000 g/Kg)(5.0 Kcal/g)(4186 J/Kcal)
= (6.52E+9 Kg/y}(1E+03 g/Kg)(5.0 Kcalig)(4186 JKcal)(0.22)=
= 3,00E+16 Jiy
d) Total Production = 2,05E+10 Kgiy [1)
(A]

Total protein content= (Total prod.)(0.22 organic)
Energy (Jfy) = (Total production)(0.22)(1000 g/Kg)(5.0 Kcal/ig)(4186 J/Kcal)

= (1.54E+10 Kgiy)(1E+03 g/Kg)(5.0 Kcalig)(4186 JiKcal)(0.22)=
= 9,42E+16  Jly

14 AGRICULTURAL RESIDUES
(Estimated an average 1:1 main product/residue weight ratio)
[

Total weight= 7,65E+10 Koty
2,00E+03 Kcal/Kg of residue

Average energy content =
Energy (Jiy) = {total weight){Average energy content){4186 J/Kcal)

6,40E+17  Jiy

Footnotes to Table 3; references for footnotes are given in Appendix C:

RENEWABLE RESOURCES
1 SOLAR ENERGY:
Land Area = 1,00E+04 m~2
Insolation = 1,09E+02 Kcallcm*2/yr [3]
Albedo land = 0,20 (% given as decimal) [6]
Energy (Jfy)= (land area){avg. insolation)(1-albedo)=
= (1.00E+4 m*2)(1.09E+2 Kcallcm*2/y)}(E+04 cmA2/m*2)
{1-0.20)(4186 Jrkcal)=
3,65E+13 Jiy

2 RAIN CHEMICAL POTENTIAL:

Land Area = 1,00E+04 m»2

Rain (average)= 0,99 myy [3]

Evapotransp.Rate= 0.43 myy (43.6% of total rainfall) [3.6]
(area)(Evapotranspired rainfall{Water density){Gibbs no.)

Energy (land) (Jiy)=
= (1.00E+4 m"2}(0.43 m)(1000 kg/m*3)(4.94E+03 J/kg)
2,12E+10 Jiy

3 EARTH CYCLE (steady siate uplift balanced by erosion)
Heat flow per area = 3,00E+06 Jim2ry {A]
Land area = 1,00E+04 m2

Energy (Jfy) = {land area){heal flow per area)
= (1.00E+4 m2){3.00E+6 J/im2sy)
= 3,00E+10 Jriy



NON RENEWABLE SOURCES FROM WITHIN THE SYSTEM
4 NET LOSS OF TOPSOIL

Farmed Area 1,00E+04 m2
Erosion rale = 2,00E+02 g/im2ry
% organic in soil = 3.00E-02

Ener. cont. per g organic= 5,00E+00 kcalig

Net loss = {farmed area)(erosion rate)
= (1.00E+4 m2){200 g/m2ry)=
= 2,00E406 gy
Energy of net loss (Jfy) = (net ioss)(% org.in soil)(5.4 Kealig)(4186 Jikcal)
= (2.00E+6 g/y){0.03){5.0 kcalig)(4186 Jrkeal)
= 1,26E+09 Jry

APPLIED ENERGY AND LABOR
5 ELECTRIGITY
Total use = 1,89E+01 Kwhyy
Energy ={1.B9E+1 Kwhiy)(3.6E+6 JKwh})
= 6,82E407 Jiy

6 LUBRICANTS
Total Use= 1,89E+00 Kgiy
Energy content per Kg= 7,53E+07 JiKg
Energy (J/y) = (total use)(Energy content per Kg)

(1.89 Kg/y)(5.00E+7 JiKg)

= 1,42E+08 Jy

7 DIESEL
Total Use= 9,64E+01 Ly
Energy content per litre= 1,14E+04 Kcal/L

Energy (Jiy) = {total use){Energy content per L)*4186 J/Keal
= (9.64E+1 Uy)(1.14E+4 Kcal/L)(4186 J/Kcal)
- 4,60E+09 Jiy

8 GASOLINE
Total Use= 5,93E+00 Ly
Energy content per litre= 1,01E+04 Kcalil

Energy (Jry) = (total use)( Energy conteni per L)*4186 J/Kcal
(5.93 Ly)(1.01E+4 Kcal/L)(4186 J/Kcal)
= 2,51E408 Jy

I

9 LABOR
Energy input:
Total man-hours applied= 63,60 hourssy, moslly not trained labor
Man-days= {Total hours)/(8 working hours per person per day)
= 7,95 Man-days per Ha per year
Baily metabolic energy= 2,50E+03 kcal/day per person

= 1,05E+07 Jiday

(8}
(A]
[A]

[1.3]

(1]
si

(1]
(5]

(1]
(5]

{5

[A]
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Total energy input= {Total man-days)(Daily metabolic energy}{4186 J/Kcal)

- 8,32E407 JHary

GOODS AND ASSETS
10 POTASH FERTILIZER

K20 content= 3.17E+04 giy [3]
11 NITROGEN FERTILIZER

N content= 3,59E+04 gy [3]
12 PHOSPHATE FERTILIZER

P205 content= 4,10E+04 gty [3]
13 PESTICIDES (Commercial Products})

Total Use= 6,40E-01 Kg/y [3]

Pesticides used and energy for their production:

Anticryptogamics 0,00E+00 Kgry [3] 5,600E+07 J/Kg

Herbicides 6,40E-01 Kyg/iy 3] 9,100E+07 J/Kg

Insecticides 0.00E+00 Kg/y [3] 5,300E+07 J/Kg

Fytohormones 0,00E+00 Kgry 3] 1,00E+08 J/Kg

Total energy= 5,82E+07 Jty oil equivalents

14 MECHANICAL EQUIPMENT
Total Use = 7.80E+04 Kcalty
(production, depreciation and maintenance)

(5]

Total energy for machinery= (energy embodied in oil equivalents)(4186 J/Kcal)

= 3.27E+08 Jiy

15 SEEDS
Total use= 4,24E+00 Kgfy
Energy for production of seeds=
1,00E+07 JIKg
Total energy for seeds= (total use)(Energy for production}
4,24E+07 Jiy (il equivalents)

16 FORAGE PRODUCTION

Tolal = 1,43E+04 Kg/Ha
Energy content per Kg= 7,25E+02 KcaliKg
Total energy content= 1,04E407 KcalHa

= 4,34E+10 JiHa

17 TOTAL SOLAR EMERGY
Sum of items 2 1o 15.

18 SOLAR TRANSFORMITY

[2]

(4]

(1
(5]

Transformity= (Total solar emergy input)y/(Total energy output in the product)

- 8,00E+04 sejff
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