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ENERGY ANALYSIS, RICE PRODUCTON SYSTEMS,

AND RICE RESEARCH
 

ABSTRACT 

It has become fashionable to calculate energy efficiency ratios of agriculturalproduction systems, including rice. A questior raised is whether IRRI should
explicitly consider this criterion when establishing its research priorities.

We argue that using energy efficiency as a normative choice criterion hastheoretical and empirical shortcomings. The approach may not result in researchpriority selection which leads to technology relevant to farmers or grain types
acceptable to consumers. Price weights are preferable to energy weights to reflectinput scarcity and market preferences. Economic evaluation, supported by equity
analysis, seems to remain the appropriate guide for IRRI when determining
research priorities and evaluating the relevance of its researca output. 

'By J.C.Flinn, agricultural economist and head, and B.Duff, agricultural economist, Agricultural Economics Department, International Rice ResearchInstitute, Los Bahos, Laguna, Philippines. Submitted to the IRRI Research Paper Series Coirr-tt x MI.y 1914. 



ENERGY ANALYSIS, RICE PRODUCTION SYSTEMS,
 
AND RICE RESEARCH
 

During the last two decades, agricultural development has 
increasingly relied on a combination of new varieties and 
additional support energies (mainly fertilizer, pesticides, 
fuels, and irrigation) to increase agricultural productivity. 
This reliance on energy has been coupled with an increasing 
demand for food from population increases and increased 
affluence. The public has become incre!asingly aware that 
supplies of fossil fuels are limited, and this led to worldwide 
concern about both energy and food in the early seventies. 
This concern was highlighted by the oil-embargo in 1972-73 
when energy, fertilizer, and food prices rose rapidly in 
domestic and international markets. 

Two concerns were uppermost. First, could energy-
importing countries meet higher energy bills and sustain 
economic growth? Second, at the current rates of use, what 
would be the future availability of finite stocks of energy, 
especially fossil fuels? Energy analysis and energy efficiency, 
therefore, became increasingly important yardsticks in 
formalating energy policies (23). 

The early focus of research in energy analysis (EA) was to 
inventory energy requirements and energy efficicncies in 
developed countries (eg, 16). These awtlyses demonstrated 
that modern food production systems were less energy 
efficient than more traditional forms (Fig. I). Geographers, 
in particular, argued for the return of western agriculture to 
more energy-efficient methods. However, they rarely cor-
sidered whether these 'systems had the productive capacity 
to sustain current or future populations. 

Proponents of energy efficiency usually compare alter-
native food production systems in terms of their energy ratio 
(ER). The ER of a process is: 

ER = Oi/Ii (1) 

where 

Oi is the output energy (gross, digestible or metabolizable) 

of crop i, and 
I, is the energy input, other than solar energy, to 

produce Oi. 

This method implies that energy can be aggregated regard-
less of source, form, scarcity, or productivity. That is: 

nm 

0 EjYj li= k=I EkXk (2)
O=j=i and : 

where 

Ej is the unix eneigy content of component YJ of biomass 
output, and 

Ek is the unit energy of input Xk necessary to produce Yj. 

Labor has unusual characteristics - it provides both energy 
and management. Therefore, thedenominator of equation I 
may be respecified as 

E. + LI (3) 
e+L 

where 
E,.. is the energy content of nonlabor and LI is the energy 

Lontent of labor inputs. 

RICE ENERGY BUDGETS 

We assembled a series of energy budgets to represent a range 
of rice production systems. The input-output data under
lying the analysis are presented in Table I and provide a 
breakdown of energy use by input components including 
human labor, animal power, seed, fertilizer, pest control 
chemicals, mechanization, and irrigation. The data source 
for each system is noted in Table i; reliability and complete
ness vary widely. This highlights one of the critical problems 
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Table 1. Indicative values/input components of rice prouuction systems (per hectare basis). 

Description Human Animal Seed Fertilizer InsectSource labor labor Machine MachineS kge (kg N herbicide (kg fuel Irrigation Yiel(h) (h) equivalent) (kg ai) (litre)
1. Upland Latin America (22) 450 502. Rainfed unfavorable (12) 352 84 1.2(80 15 0.50 4 1.5 (3. Rainfed unfavorable (CP) 540 112 724. Rainfed unfavorable 20 1.00 45. Rainfed favorable (12) 656 120 60 15 1.8c(12) 448 0.50 4120 2.1C6. 80 19 0.50 4Rainfed favorable (12) 860 168 2.2C60 197. Irrigated Japan 0.50 4(21) 870 2.6040 408. Irrigated LIguna (18) 763 

0.70 50 203 120 4.5560 889. Irrigated Rice Garden 0.70 10 50(13) 580 100 4.10 
10. lrrigated organic Chinese 

60 110 3.40 7 26 100 4.00(24) 5085 60 12711. Irrigated Azolla 7(9) 588 60 120 9.6060 30 1.50 5 12 100 4.6012. Dep water (4) 800 286 8313. Upiand broadcast 4 2.714. Irriga.cd Philippine dry season (DS) (25) 922 39 60 68
15. lrrigat.d Philippine DS 

(CS) 560 30 50 121 0.70 4 1.90(CS) 640 30 50 7 25 100 4.70
16. Irrigated Philippine DS (CS) 640 

121 4.20 7 25 100 5.6030 5017. Irrigated Phi!ippine IS (WS) 640 30 
190 0.70 7 25 100 5.7(05018. Irrigated Philippine )S (CS) 560 30 50 
190 4.20 7 25 100 6.20
13019. Irrigated l'ilippine 1)S (CS) 

2.00 7 25 100 5.00640 3020. Irrigated Philippint DS (CS) 640 
50 130 5.5(0 7 25 100 5.9030 5021. Irrigated Philippine )S (CS) 640 30 

190 2.00 7 25 100 6.0050 190 5.50 7 25 100 6.80 
Index from Pirentel (16). CS = Consequences Study, 1975-77, CI' Consequences Project, 1981. 

Table 2. Energy components of alternative rice production systems (in MJ). 

Description Huma-ilabor Animal Fertilizer S e eInsectd 'C tY Machine Yildlabor ie ld(kg N) herbicid e fuel 
rice)1. Upland Latin America 471 6172. Rainfed unfavorable 368 14820647 987 12163. Rainfed unfavorable 54 368 18520565 863 889 1621 107 3684. Rainfed unfavorable 22230686 925 740 1216 545. Rainfed favorable 368469 25930925 987 1540 54 3686. Rainfed favorable 271707 900 1295 740 1540 . Irrigated Japan 54 368 32110910

8. Irrigated Laguna 494 3242 75 4603 5750798 5523 56190740 71529. Irrigated Rice Garden 607 
75 920 1416 4602 50630740 8915 36410. Irrigated organic Chinese 644 7365319 4602 49400740 891511. Irrigated Azolla 364 644615 462 736 4602 49400740 2431 16012. Deep water low input 837 460 340 4602 568102204 102413. Upland broadcast 368 33350964 300 740 551114. Irrigated lPhilippine dry season (DS) 586 368 23470617 980715. Irrigated Philippine DS 

231 75 644 708 4602 58040669 231 617 9807 44916. Irrigated Philippine DS 644 708 4602 69160669 2.31 617 1539917. Irrigated Philippine DS 75 644 708 4602 70390669 231 617 15399 44918. Irrigated Philippine DS 669 231 
640 708 4602 76570617 10536 214 64419. Irrigated Philippine )S 669 231 617 

708 4602 6175010536 58820. Irrigated Philippine DS 669 231 
644 708 4602 72870 

21. 617 15399 214 644Irrigated Philippine DS 703 4602 74100669 231 617 15399 588 644 703 4602 93980 

of energy analysis -- the availability of comprehensive, ENERGY RATIOS AND PRODUCTIVITYcomparable input/output data to allow unbiaed comparisons between systems. 
The 

The ER's of wetland rice typically fall in the range of 3-9.input-output data were transformed into energy
equivalents (Table 21 using the conversion factors listed in 

Thus, uniike many industrial processes, there isa significant 
Appendices net output of energy, even in the least energ'-e/f/icient riceI and 2. The energy ratio calculated for 2ach production systems. However, the ratios per se do notsystem is summarized in Table 3. Although the absolute provide insights into the energy output (Eo) or humanlevels of energy and the efficiency ratios may be challenged, support capacity of individual agricultural systems. Thus,the relative rankings are reasonable, the relationship between ER and output of each rice 

http:Irriga.cd
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Table 3. Total energy embodied in inputs and yield for alternative 
rice production systems. 

Energy (MJ) 
Description 

lputs Outputa FR(brown
rice) 

1. Upland Latin Arneri~a 1087 18995 17.46 
2. Rainfed unfavorable 3640 23748 6.52 

4416 28497 6.453. Rainfed favorable 
4. Rainfed unfavorable 3991 33246 8.33 
5. Raipfed favorable 4343 34828 8.02 
6. Rainfec. favorable 4899 41163 8.40 
7. Irrigatrd Japan 72682 72037 3.18 
8. lrrigatWd Laguna 16179 64912 4.01 
9. Irrigate Rice Garden 16866 63330 3.75 

10. Irrigated organic Chinese 22405 118560 5.29 
11. Irrigated Azolla 9933 72828 7.33 
12. Deep water low input 4528 33345 7.36 
13. Upland broadcast 7882 30079 3.82 
14. Irrigated Philippine dry season (DS) 17518 74410 4.25 
15. Irrigated Philippine )S 17974 88661 4.93 

16. Irrigated 11hilipoine )S 21392 90242 3.89 
17. Irrigated Philippine )S 23592 98158 4.16 
18. Irrigated Philippine l)S 18384 79163 4.31 
19. Irrigated Philippine DS 18845 93325 4.96 
20. Irrigated Philippine )S 23330 94995 4.07 
21. Irrigated 'hilippine I)S 23707 1(17661 4.4 

aBrown rice specified as 781% by weight the yield of paddy rice. 

production system described in Table I is graphed in 

Figure 2. In general, energy output and energy ratios are 

inversely related. For example, the most energy-efficient 

system examined was one of upland rice in Latin America 

(22). However, because it produces 1.2 t/ha per crop, its 

support capacity is low -- probably less than 4 persons/ ha 

per year. Dry season (irrigated) rice in the Philippines (10) 

has an energy ratio of less than 5.0 bun has a high support 

capacity of nearly 7 ti lia of rough rice. 

Sites 10 (China) and I I (Azolla) deserve special mention. 

The Chinese claim nearly 10 t/ ha per crop of rough rice; the 
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2. Yield and energy efficiency for alternative rice production systems. 

(Numbers refer to production systems in Table 1.) 
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large energy inputs are labor and organic fertilizer. 
Although energy inputs are high in the Chinese example, 

output is sufficiently large to geacrate a favorable ER. The 
azolla case is unique in that N is supplied organically at low 
energy cost. The levels ol azolla productivity in Southern 
Cotabato (attributed to high P levels in irrigation water) are 

not generally found in the tropics and the widespread use of 
azolla has vet '.o be assessed. 

The challenge is to increase the ER of rice systems without 

reducing support capacity. Basically, the problem is to shift 
the ER curve in Figtuc 2 upward and to the right. 

Specifically, lot-a given rice environment how call ER be 

increased without materially reducing productivity? A 
fundamental principle ot crop biology is that ;is inputs (Ei) 

increase, output (Oi) likewise increases but at a decreasing 
rate, when technology remains constant (Fig. 3). Therefore, 
the energy ratio, ER = Oli li (ie, tan 0), diminishes as Ii 

increases. 

Thus, the research challenge is to increase output without 
sliding down the energy efficiency curve. That is, how can 

the energy response function (Fig. 3) be moved upward and 
to the left' A short-term solution is to increase technical 
efficiency by applying current technology. IRRI's con

straints analysis shows that such gains may be moderate on 

average, possibly in the order of 5-10% (5, 8). This conforms 

to the notion that most low-resource farmers, given the 

circumstances they face, are tolerably efficient from a 

technical viewpoint. 
On this basis the research objective may be to generate 

technology which is more energy efficient than farmers now 

have access to. Increased energy efficiency in rice culture 

may result from a combination of 

I. increased efficiency in manufacturing and marketing 

of agricultural inputs such as agrochemcals and 

machines, 
2. increased on-farm efficiency in inputs use, and 

3. increased efficiency in the use of the ice plant biomass. 
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Energy use in urea production, for example, may be
reduced as much as 30% from a present 80 G J/t to a future
54 GJ/t as new fertilizer plants are built using current
technology (14). Much of this energy saving would come
from increased operating efficiency by improved use of
capacity, particularly by avoiding frequent shutdown of
ammonia-urea plants. 


RICE RESEARCH 
 [0 INCREASE ENERGY EFFICIENCY 

.
IRRI's research advantage lies in efficiency elements 2

and 3. A nonexhaustive 
 list of Institute activities which
should contribute to increased energy efficiency in rice
production appears in Table 4. Varietal improvement is a
key to increased energy efficiency. First, the technology
embedded in a rice seed comes to the farmer at basically no
added cost; it is resource and scale neutral in application,
and for practical purposes does not depend on management
for success. Second, varieties or genetic traits tend to be less 

location-specific than crop management methods. 
seed technology tends to apply over broad areas wit 
aggregate benefits. Third, there is no trade-off bi 
economicand energy efficiency, providing there is
no
 
trade-off between yield and energy-related objective,

This paper does not attempt an ex-ante assessm 
IRRI research from an energy viewpoint. However,
discussion of selected cases is in order. Breeders w 
produce cultivars which increase yield stability and ireliance on costly inputs, many of which are 
intensive. Thus, -- w variclios are more energy efficien
first-generation modern varieties such as IR8 and IR 
example, IR42 is significantly more N-efficient than
earlier cultivars (Fig. 4) and tolerates Zn and P nu

deficiencies. Similarly, second-the and third-genei
modern varieties have improved insect and disease 
ance (Table 5), reducing the need for energy-expt 
chemical protection. 

Table 4. Examples of IRRI research which should contribute to increases in energy efficiency in rice production. 
Research area 

I. Varietal improvementPlant breeding/GEU 

II. Increasedefficiency of input useNutrient management 

Pest management 

Water management 

Tillage 

III. Increaseduse of rice biomass 
Crop improvement 

Postharvest 

Nongrain biomass 

Example 

Increasing solar energy efficiency 

Efficiency in use of soil nutrients 

Effective use of soil moisture 

Tolerance for biological and 

physical stresses 


Increasing harvest inde.x 


N formulations/placement 

Azolla 

Straw fcorporatien 

Integrated management 


Neem oil 

Irrigation system management 


Axial-flow pumps 

Minimum tillage 

Increasing harvest index 

Higher straw palatability 
Threshing 

Vortex drier 

Milling 


IRRI/UPLB/ADB Prosperity 
through rice farming systems 

Possible impact 

Increased wet season yield potential to 8.2 t/l1 
dry season yields to 12.5 t/ha. 
Higher yields for same levels of applied nutrientreduced application of micronutrients such z!. 
Increased yield and yield stability in rainfed 
environments 
Reduced use of insecticides and fungicides. Crol 
adaptation to adverse environments. 
Higher conversion of total energy input to 
commercial output - grain. 
Increased (30-60%) N efficiency 

Up to 100 kg N fixed/crop
 

Increased (up to 0.4 t/ha) yields

Reduced insecticide 
 sprays (from current 4-6 d 
to 1-2). 
Natural (flow) energy source for pest manageme 
10-60% increase in rice output for same water 
delivery to system.
 
Increased energy efficiency for low lifts (33% r
 
than centrifugal pumps)

Reduced energy and water inputs in land prepara
 

Higher conversion of total energy input to com
mercial output - grain

Increased value of rice straw as livestock feed.
 
Reduced (6-10%) threshing losses
 

Use of local fuel and wind vortex, reduced losses,
 
and increased quality of rice-grain.
 
4-6% increase in h.ad rice recovery.
 
Alternative opportunities for utilizing straw (eg,
 
paper making, feed mu ,hroom culture, biogas), hj
(fuel, silicon for photovoltaic cells), bran for live
stock feed, oil extraction.
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Groin yield (t/ha) Improvements in crop management save energy. For 
6 example, increasing the efficiency of N-fertilizer use in rice 

offers potential for enormous savings in N-fertilizer and 
thus in energy inputs. Improved timing and methods of 
N-fertili7er application can double N-fertilizer efficiency 

5 - from a current 30% to 60%. Mudahar and Hignett (14) 
calculate that about 5.5 million t of nitrogen is applied to 

rice in Asia each year. If fertilizer efficiency improved to 
45% (ie, by 50%), the savings in N would be about 1.4 
million t, equiv,.lent to 18 million barrels of crude oil. 
Alternatively if this N was applied to crops, the increase in 

,,,, 	 Asian grain output would be at least 10 million t/yr. 
The N-fertilizer example demonstrates how to improve 

the utilization efficiency of a stock energy source. Integrated 
3 -. pest provides another example. Ano'her000 management 

approach is to replace, or at least substitute, part of these 
stock-based energy inputs with flow-based sources of these 
materials. Examples include using Azolla/ Anabaenaazolla 
complex, or possibly N-fixing blue-green algae; incor

porating straw to supplement inorganic N-fertilizers; or 

substituting neem oil-based pesticides for inorganic ones.
OT 

Rice producers and processors can also more efficiently
60 90 1200 30 

use the nongrain components of rice biomass, as per the 
Nitrogen applied (kg/ha) 	 examples in Table 4. 

Unlike energy-efficient technology embedded in the rice 

seed, gains in energy efficiency through input or output4. Grain yield response of IR8, IR36, and IR42 to 4 levels of nitro-
gen. Yield data are average data for the 1976-81 wet season experi- management generally come to the farmer at some cost - in 
ments at IRRI, and the Bicol, Maligaya, and Visayas Experiment ternis of his own labor, investment in new technology, 
Stations of the Philippine Bureau of Plant Industry (7). inputs, or equipment. However, farmers respond to prices 

Table 5. Disease and insect reaction of IRRI varieties. 

Disease and insect reaction (Philippines)a
 

Growth
 
BPH biotypesVariety duration Rl 

(d) ()date R BL BB GS TG 1 - GLH SB GM 

IR5 	 140 1967 MR S S S S S S MR MS S 
IR8 	 130 1966 S S S S S S S MR S S
 
IR20 	 125 1969 MR E S MR S S S MR MR S 
IR22 125 1969 S R S S S S S S S S
 
IR24 120 1971 S S S S S S S MR S S
 
IR26 	 130 1973 MR R S MR R S R MR MR S 

R S R R S S
 

IR29 115 1974 R R R K R S R R S S
 
IR28 	 105 1974 R R R R 


IR30 110 1974 MS R R R R R MR MR MR S 
IR32 140 1975 MR R R R R R MR MR MR S 

S 	 S
IR34 	 130 1975 R R R R R R R MR 


IR36 110 1976 R R R R R R MR MR MR R 
IR38 125 1976 R R R R R R MR R MR R 
IR40 120 1977 R R R R R MR S MR MR R 
IR42 135 1977 R R R R R R S MR MR R 
IR44 130 1978 MR R S R R R MR MR MR S 
IR46 	 130 1978 R R S R R R R MR S S
 
IR48 140 1978 MR R R R R R q MR S S 
IRSO 105 1980 MS R R R R R MR R MR S 

S R MR -IR52 	 115 1980 MR R R R R R 

R R 	 MR
IR4 	 120 1982 R R R R S R -

R R K MR 1155 	 110 1982 R R R R R 
MR -IR58 	 100 1983 R R R R R R MR R 

R R R R R MR 1R60 	 105 1983 R R R 
=aBL = blast, BB bacterial blight, CS = grassy stunt, TG = tungro. BPH = brown planthopper, GLH = green leafhopper, SB =stem borer, GM = 

al midge. S = susceptible, MR = moderately resistant, R resistant. 
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and profitability, not energy-efficiency ratios. Therefore,
profitability as opposed to energy efficiency will remain the
yardstick to evaluate the relevance of technical innovations,
For example, it i,unlikely that ftrmers in many parts of
Asia will quickly shift to more energy-efficient systems of
N-management, simply becau., it is not profitable for them 
to do so. However, if the price of N increases relative to
laborand rice, there will bea strong incentive forfarmers to
adopt these innovations, 

I IMI[A! tONS )1ENERGY ANALXYSIS 

The rates at which individuals orgovernments are willing to
exchange goods and services (eg, rice, fertilizer, fuels, labor,
technology) are not expressed inenergy units. They aremeasured in money values. Tha: is, governments, con-
sumers, and farmers respond to prices, not joules. The issues 
from a research managernc.,; ._,wpoint arc whicl: cropsshould be produced, where should they bc,produced, and 
what inputs should be used to produce them. Energy
analyses provide no insights on these issues.,

Proponents of energy analysis argue tha, prices do not 
lead to o timal (efficient? desirable? equitabile?) energy usein agriculture or other sectors of economies. By implica-
tions, prices may not induce the optimal allocation of
research resources or desired characteristics of technical 
innovations (I). Two reasons for dissatisfaction with the 
outcome of market forces are implied when energy ratios are
advanced to provide superior values to guide resource 
allocation in agriculture (2). These are 
1.prices of foods (output) are unsatisfactory guides to

real (social) values; and 
2. market prices of inputs do not adequately reflect their

real (social) costs. 
Using energy ratios; as a criterion to adjust resource 
toward a 

use 
more socially desirable mix will not reduce

misallocation due to cither cause. Energy ratios can be used 

to identify opportunities for increased energy efficiency in

agriculture. However, they cannot 
 be used to evaluate 
alternatives relevant to 7n individual or to society. Event-

ually such analysis must he in terms of economics (6). 


Problems of calculating energy ratios 

To reiterate, the energy ratio (ER) is expressed as: 


ER = Oi/li
where Oi is the sum of energy embodied in output 0 and Ii is
the sum of energy embodied in input I. Several problems
arise in estimating the componer,.s of ER. First, Oi may be
measured at various stages in the production/distribution 
network -- eg, at the farm gate, retail store, or on the
household's dinner plate. Far more energy is normally 
consumed in marketing and preparing foodstuffs than in
producing them on-farm. Normally, however, an ER forfoodcrops is measured at the farm gate (eg, 16).

Second, energy embodied in Oi is variously measured interms of total biomass production or more sensibly in terms 

of useful energy. Any aggregate estimate of energy o
ignores that different components of biomass output
different nutritional efficiercies, palatability, and pot(
uses. The ratio also ignores that the relevant measu 
output, at least of a foodstuff, is digestible energy, am 
gross thermal energy which is generally used to measui 
energy content of fuels or machines. Strictly, ER is rek
only when the crop is produced primarily for er 
content. Thus, the ratio is misleading when a crop is gi 
for its protein or fiber content.
 

When evaluating energy inputs (1i), 
 it is usual to inc 
upstream energy use to produce inputs, eg, fertilizermachinery, and their transport to the farm, as well as
farm energy uses. At least three problems occur in aggrc
ing energy inputs to a common denominator: 

I. difficulty in measuring energy embodied in factoi 
production, for example, irrigation structures 
operation; 

2. lack of' distinction between renewable (flow)
nonrenewable (stock) energies used in production; 
as a result 

3. EA ignores the issues of relative scarcity ofalterna 
energy sources. 

Energy analysts generally agree on the energy value
chemical and mechanical inputs. For example, arounc 
and 80 MJ are used to manufacture I kg N as ammonia 
as prilled urea (14). Similarly, the mass of energy emboc 
per kg of machinery in the seventies was abont 85 Mo 
this figure has fallen from about 105 MJ/kg in
1950s(17). 

There is less ullanimity on how to incorporate lal
inputs into energy analysis. In some cases, energy coss
labor have been measured as energy in food consumed (c
portion of this, allocating some food intake to nonw(
activities); food energy plus energy costs of other goodsa
services required for maintaining the work force (or porti
of this); or zero. It often makes little difference wh'
approach is used to calculate the EA of modern fo
production systems because the ER of human energy
usuallyasmall proportion of tne total input energy to acr
(Table 2). However, it was the high cost of human enerl 
compared to chemical energy, which induced the substittion of other forms of energy for human energy (c
machines, agrochemicals) to increase labor productivity ai 
profitability in agriculture. 

The energy embodied iaan input (assuming technolol
 
constant) remains 
constant over time, ir'respective of tl 
current availability or level of unused stock. Therefore, E
provides no insights into the optimal rate of use of resouro
in finite supply(ie,iniergeerationequiy),or inthe optim
input mix required to produce a commodity at any point i 
time. 

Measuring output in energy terms 
If energy values as opposed to prices are accepted as th
appropriate social value of foods, the implication is tl 
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nonenergy attributes of a food (aroma, taste, nutritional 

composition, convenience in preparation or storage, etc.) 

have no social value. The market preferences for high-

quality rices over co::rse-grain types demonstrates that this 

clearly is not the case. A more moderate is thataicle. 

nonenergy attributes should play, a lesser role in price 

formulation than they nov. do. What \\outld be the impact if 

food prices were based oI cnrg\ \ ales II a situaoiln where 
to ea, andconsumers still chose loods they prcerrcd 

farmers had some op oItunit to rc'spond to prolitahility 

when deciding N\\hat to pl-ducc'.' Sin pl. M\hat is the 

congruence bct\\cen lireetlom o choilce arid an energy-
1

valued systemiii of priority dCCltnlitiot.

First, there \\ould he a ,ho0tage o l oods preferred b\ 

consumers o th,.eir nlrnei e\ charactc ristiCs, anrd of foods 

relativeNy cxpe isi\e to protducC pCI unit 0i eeTrgy. Sliilarl\, 
there Would he t surplus off 10Ods to0 %,Iich co nsumeCrs assign 

lOw \'alus far iorineCrp., chll;tlact istlic" ad toods that cost 

little to produce pel uiili of1 nit 

This Imbalance in supply, again assuming consumer 

preference. Would lead to an Increased market price for 

goods in short supply if tle market vcre price-responsive. If 

official market institutions were not flexible, a parallel 

market would develop lor goods in short supply with real 

prices higher than officially set. A dual exchange rate would 

exist. Either way, there would be pressure for prices of these 

commodities to rise above energy-determined prices. Alter-

natively, the prices of goods in suplus (induced by energy-

- unless stockpileddetermined values) would tend to fall 

by government or exported at prices lower than procure-

ment cost. Another issue is whether goscrnments would be 

able or willing to suppart storage or disposal costs of these 

surpluses. 

The distortion '111output prices caused by an energy-

valued policy wold have another impact probably regarded 

as undcsirable by proponent,, fenergy analysis. This policy 

would artificially increase the relative price of foods of high 

energy value, reducing consumers' incentive to substitute 

those foods ,(o1\ in relative abundance for those in 

short supply at cnergy-dctermined prices. In short, as long 

as consumers or prodlucers could exercise any free will, the 

rigiditie. caused by an energy-based pricing system would be 

counterproductive to its objectives. 

Energy valuing of inputs 
The propenents of EA imply that nonenergy attibutes of 

inputs should play a smaller role in price formulation than 

they now do. If only the energy value of an input were used 

as the criterion for comparative input valuation, then other 

attributes such a ,ease of storage or use. pollution potential, 

relative scarcity, etc., would be assigned no or low social 

value. Thus, one factor which provided the impetus to 

energy analysis in the early 1970s, ie, the combination of 

finite supplies, increasing scarcity. and increasing costs of 

fossil fuels, is not a construct of energy budgeting. 

Disregarding limitations and problems of costing based 
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on energy values, what would bc the implication if input 

prices were also based on energy content'? If such a policy 

were feasible, it would lead to an increase in price of inputs 

that are cheap pfr unit of embodied energy in the market 

place (cg, lertili/er). Ihere would be a concomitant fall in 
arethe relative value of inputs such as labor which 

coriptratively costly in the market place per unit of energy. 

This would lead to an imbalance in input supply and 
to increase fordemand. lhat is. the supply would tend 

inputs where energy supply prices had risen. while demand 

for these same factors wNould be reduced because of higher 

prices. [he opposite effects \%ould occur where relative 

values fell thrltigh energy pricing. ic, supply would diminish 

but demand would increase. The equilibrium exchange rate 

would be more likely to be settled on price-exchange terms 

its opposed to eneigy-exchange criteria. 

IRICI S AS R SARC(-ItG F)tS 

[he aggregation and valuation problems in energy analysis 

are partly overcome in economic analysis by using prices, as 

opposed to energy vahies, as weights. That is, output Oi is 

measured in value terms, ic,: 

Output value iP. (4) 

vhere P and '. refer to the prices and quantities of useful 

products produced by te process. The denominator of 

equation 1. e, equation 3, is similarly evaluated as: 

(5)IcXe + PI1-i 

where Pe and X, are prices and quantities of inputs, and PI 

and 1.t correspond to labor inputs. These prices reflect 

a) consumer's willingness to pay for the products in question 

at any point in production, ie, the equation overcomes 

biases when measuring inputs in energy terms, and b) the 

benefits producers are willing to forego by using an input in 

the next best use. When markets arethis rather than 
imperfect, which is becoming more common with govern

ment intervention, shadow prices of inputs should be used 

to re'?Iect the values of inputs and products from society's 

viewpoint. In summary, prices serve to homogenize hetero
to the resultinggeneous inputs and infer value content 

aggregate. 
Energy ratios alone do not provide a sound basis for 

evaluating research strategies. Nor may response to market 

forces lead to socially efficient research or resource alloca

tion. Market imperfections which result in market prices 

being inefficient guides to resource allocation includc 

divergences between private and social benefits and costs 

departures from free competition in product and factor 

markets, and government intervention through taxes, sub

sidies, or rationing. What is necessary are estimates ol 

efficient market prices to guide evaluation of researcl 

alternatives. Another need is to get an estimate of socia 

priorities which may diverge from those implied from 

free-working market price formulation. Considerablh 

progress has been made in quantifying divergences betweet 
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market (ic, private) and econornic benefits and costs forefficiency analyses of research investment (3, 15). Assessingthe equity and qua/itr-l-lie impacts of alternative invest-ments remains illusive. However, Little and Mirrlces (11)and Squire and van der Tak (19) present methods toexplicitly include equity considerations. Although it goesbeyond the purpose of this paper, we believe the distribu-tional impact of alternative innovations must be givcngreaterweight in evaluating their social desirability than hascommonly been the case. 

[NUR(;y ANALYSIS IN PtERSPI-TIVI 

Energy budgets, as characterized by ER, are not a definitive measure to direct priorities in rice research and policyformulation, and certainly not when developing farmerrecommendations. We argue that prices are a preferable setof value weights to determine resource distribution and
research priorities. Yet, economists cannot claim that they
have provided clear leadership in this domain until moreattention is given to estimating shadow prices for those 
resources used in rice production.facilitate planning Such information willresearch priorities, and examining theimplications of policies for reducing thcgap between marketand social prices of these inputs, 

Shadow-price estimates are frequently made in terms ofpresent, if not past, relative prices. But today's research isthebasis oftcmorrow's technology. The challenge, therefore, isto be forward-looking and to base economic analysis on thebest judgments of what future relative prices will be. IRRIdoes not have a comparative advantage in this type ofresearch. Collaboration with institutions such as the Inter-national Food Policy Research Institute and Food andAgriculture Organization may be the most efficient way forIRRI to gain access to this type ofinformation andto embed
it in its decision-making process, 

It is naive to imply that a concern for energy efficiency isnot a legitimate concern of policy makers, research admin-istrators, and researchers. Clearly, conjunctive use ofenergy
arid economic 
 analysis is desirable arid possible when
formulating research priorities. For example, rather than
examining ER's of alternative production practices, IRRI 
may focus on 
the analysis of disaggregated energy inputs.We should examine those factors where total energy inputs-re high, and where, from a technical viewpoint, there artopportunities forincreasingenergyandeconomicefficiecy, 

IRRI has a responsibility to focus on energy efficiency inrice technology. However, indoing so it must not lose sightof the fact that the vast majority ofAsia's rice farmers make 
production decisions based on tradition and the prices they 

observe in the market. Therefore, theobjective ofdevcmore cost-efficient technology must be uppermosi
already is occurring. The risc in energy cost since I'has pushed energy-wasteful inputs out of the rezinterest of farmers. Farmers have responded to the cin relative prices in the 1970s by adjusting their faoperations in light of changing ielative input and piprices. Generally, farmers are more responsive t nuances of the market than are researchers. 

Policy makers still wish to modify the use rate of 
resources from that level implied when legitimate marshadow prices are used as guidelines. Therefore, IRR
consider initiating (or become assodated with) resexamining policy alternatives to induce farmers to ,more energy-efficient rice productiun systems than v
prevail without government intervention. These iniments may be based on subsidies or taxes, for exampeffect what is politically regarded as desirable chang 

resource use and income distribution. 

(tN(I USION 

Rice supplies in Asia must continue to grow by some 3,just to maintain the nutritional status of the world's
eaters. The use of modern support energies has been decin generating past output growth and will remain so foiforeseeable future. Any decline in the provision of smodern support energy will lead to reduced productior
increases in the relative price of food staples, and as a re,increase poverty, malnutrition, and starvation. The acultural development goals of the Third World cannotmet in the near future without improved varieties, mirrigation, more use of fertilizers and pesticides, and in sccases, more mechanical power. IRRI research must, th(fore, continue to work toward increasing the technicalo

economic efficiency of rice production systems tempered
equity considerations. IRRI must also continue to explitechnological options which allow greater substitution
flow energy for fossil (nonrenewable) energy.

Research designed to increase input and output efficierand reduce reliance on nonrenewable energy sources offilarge potential payoffs to Asian rice producers and cc sumers. Energy budgets can highlight the distribution aiuse patterns of energy resources ir,production and cosumption, and can complement and augment decisiorelating to resource use now and over time. Howeveconomic analysis should continve to be the screenitmechanism to evaluate technically valid alernatives aridentify those financially viable foc farmers. 
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FertiliierInsecticide and herbicide 

kg
kg N
kg ai 

2.95 
19.37 
25.55 

12.343 
81.046 

106.904 
Machine kg 22.50 92.050 

Fuel litre 9.15 28.326 
Irrigation ha-cm 11.00 46.025 

Yield brown rice 2952 12.35 
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homogeneous across systems, e,', that animal-hours in the Philippines are 
equivalent to those in Bangladesh. Fertili,-er is anotherexample. Without 
knowing how the ferti: _erwas manufactured, we assume an equivalent 
upstream energy content in all cases. This is clearly difficult to support. 
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Appendix 2. Equivalent energy units (14). 

Joule (abbreviated as J) is the SI unit of energy. It is defined as the work 
done when a force of one Newton acts through I m. 

Multiples of the joule are:
 
1Kilc;oule (KJ) = 103 J
 
I Megajoule (MJ) = 10' J
 
I Gigajoule (GJ) = 10 J
 

Btu. O,e British thermal unit (Btu) refers to the heat (energy) required to 
raise th' "emperature of I lb of water by ]IF. Approximate Btu 
conversion factors to the joule are: 

I MJ = 0.948 x 10' Btu 
IVOAtu = 1.055 GJ = 10 Therm 

kcal. One calorie refers to the heat required to raise the temperature o"I g
°
 of water by I C.One kilocalorie, referred to 3s kcal (or aCalorie), is 1,000 

calories. kcal equivalents to joules are: 
= 
I MJ 0.239 x 101kcal
 

I kcal = 3.968 Btu
 

Energy equivalents of common fuels and fertilizcr: 
I US barrel of crude oil= 6.12 GJ
 
I litre of gasoline =35.1 MJ
 
I litre of diesel = 39.5 MJ
 
I mt of N = .77 barrels of crude oil
 
I kg N (urea) = 80 MJ
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