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Foreword

The Australian Centre for International Agricultural
Research’s impact assessment activities continue to
develop a more structured approach to selection of
the research activities that impacts are quantified for.
This trend is towards more stratified random sampling
for selection of research efforts, and use of a country,
program or theme focus.

In this study a combination of these factors was used.
India has been a long-term partner for ACIAR activities,
and a range of research efforts has been supported.
The nature of the partnership relationship is changing
with rapid economic development in India. It was thus
opportune to consider the impact of past efforts and
to use a better understanding of them to guide future
partnership activities. A brief review of past impact
assessment studies for India and an overview of all
projects completed in that country were used to guide
two case studies for impact assessment. This report
presents the results for one of these.

The brief review of past impact assessment studies of
Indian projects indicated that all but one had been of
crop research. It was felt that it would be important to
look more closely at livestock activities. As indicated in
the report, this project was selected using a ‘top-down,
quasi-random process. The project was not chosen

with a prior expectation of large benefits, rather it was
selected because it was in the livestock program and had
been finished long enough for impacts, if generated, to
be seen and measured.

The dairy industry is a large and important sector for
India and availability of quality feed is a significant issue
for cow productivity. The project assessed in this study
focused on this major constraint and adapted some
technologies readily available in Australia to suit the
types of feed available in India. The impact has been
substantial, with relatively rapid adoption. The study
shows that the returns on investment are very high with
a net present value of benefits of $232.1m, a benefit:cost
ratio of 124:1 and an internal rate of return of 43.8%.

The impacts were estimated using the feed-plant
facilities constructed during and after the project.
However, information collected during the project visit
suggests an additional 20 plants could be developed in
the future. This will be on top of the five plants currently
in production or being developed. It was too early to
be certain that these additional plants will be built so
the impact of this potential additional capacity was not
included. If these additional plants are developed, the
impact of the research will be substantially higher than
the results presented in this report.

i, Gowe

Peter Core
Chief Executive Officer
ACIAR
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Summary

This report presents the findings of an economic
impact assessment of ACIAR project AH/1997/115
on Increasing efficiency and productivity of ruminants
in India and Australia by the use of protected-nutrient
technology.

The project was found to have impacts on farmers

that yielded benefits after costs were taken into
consideration. These benefits are partially dependent on
training provided to Indian staff as part of the project,
enabling them to maintain production of high-quality,
bypass protein-feed supplements. There are also minor
benefits from the increased knowledge and awareness
of occupational health and safety practices that were
not previously employed, and increased knowledge

of bypass protein and lipid supplements, quality-
control practices and nutritional-evaluation methods.
These benefits, being limited to one laboratory used
throughout the research, are very small in comparison
to the gains from productivity increase and are not
quantified as part of this study.

For Australia the benefits are small and not quantified in
this study. They arose mainly through the establishment
of research networks with partners in Indian research
institutions.

The benefits that are quantified in this study (Table 1)
accumulate to over $230 million and have required

an expenditure of only $1.9 million. Using the relative
funding contributions as a basis for attribution,
almost half of the benefits can be attributed to ACIAR.
Furthermore, it is possible that these benefits are
underestimated as more plants using the technology
developed during the project are planned. National
Dairy Development Board staff suggested that more
than 20 extra plants are in the pipeline but the uncertain
nature of this planning prevents the benefits arising
from this additional capacity from being valued here.

The overall benefit:cost ratio for the project is 123.6:1,
which gives an internal rate of return of 43.8%.

Table 1. Summary benefits and costs of ACIAR project AH/1997/115

Item Unit To total project funding To ACIAR funding

Total costs (excluding feed) Sm 1.90 095

Total benefits Sm 234.00 114.80

Net benefits Sm 23210 113.90
Beneficcostratio Rato e 12120

Internal rate of return % 43.83 4231

Note: All values are discounted at 5% and deflated to 2007 dollars.

Source: Centre for International Economics’ estimates
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1 Introduction

This study presents the findings of an economic impact
assessment of AH/1997/115 on Increasing efficiency
and productivity of ruminants in India and Australia

by the use of protected-nutrient technology. The project
was not selected for assessment because of an a priori
expectation of large benefits but through a top-down,
quasi-random process. Within the constraint of seeking
a project in India relating to animals it was chosen
simply because it had been completed long enough for
benefits to be seen and measured.

The commissioned organisation for the project was
initially CSIRO and subsequently the Faculty of
Veterinary Science at the University of Sydney, which
partnered with the National Dairy Development Board
(NDDB) in India. Funding was sourced from ACIAR
and the partnering organisations and, over the course of
4 years, totalled $2.8 million in nominal terms.

The project took an existing technology and modified it
to make it suitable for production of bypass protein-feed
supplement in India in order to overcome nutritional
deficiencies in ruminants. Pilot plants were established
for production of the feed and, since completion of

the project, others have been established and more

are planned.

The benefits from productivity gains accrue to India

but both partner countries also benefit from the estab-
lishment of working relationships with one another in
the area of feed-supplement research. India in particular
has built up a good stock of knowledge and established
a laboratory that has earned an excellent reputation

for research.

Chapter 2 of this report outlines the project. It discusses
the history of the problems that the project investigated,
and the solutions proposed. The research outputs and
outcomes are detailed together with some of the final
impacts. Chapter 3 summarises the parameters used

in quantifying the impacts. The methodology used in
estimating the benefits is also explained. Chapter 4
presents the findings of the analysis and tests the sensi-
tivity of the results to changes in key parameters. The
paper finishes with concluding remarks in Chapter 5.
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2 The project

Poor nutrition is a major limitation to ruminant
production in many parts of India and some regions in
Australia. The lack of nutrition results in reduced avail-
ability of bypass protein and fat, and lowers the levels of
essential amino acids and energy to below those needed
for even reasonable levels of production.

At the time of the project India had a population of
around 970 million people with some 70% of them
involved in agricultural activities, typically in a
small-farm setting. Since that time the population has
grown by around 13% to over 1.1 billion, presenting

a significant challenge in terms of meeting the
nutritional requirements of the people. ACIAR project
AH/1997/115—Increasing efficiency and productivity

of ruminants in India and Australia by the use of
protected-nutrient technology—sought to help meet this
challenge by increasing the level of nutrition available in
stock feed and subsequently improving the productivity
of livestock.

CSIRO has developed a formaldehyde treatment
technology that protects lipids and protein feedstuffs
from digestion in the rumen, allowing them to be
digested in the remainder of the gastrointestinal tract.
This enables a better balance of nutrients to be absorbed,
resulting in an improvement in productivity (Ashes

et al. 1995). The technology has been used successfully
in Australia but only with high-quality substrates. The
technology has resulted in a 10-15% improvement in
milk output of high-production dairy cows (25-30

litres per day). Adapting the technology to feed stocks
available in India and transferring the technology to
farmers will assist in their attempts to meet the demands
of consumers.

History of the problem and the project

The Indian Government recognised the high-priority
need to add value to the large amounts of agricultural
by-products available. The executive director of NDDB
wrote (Banerjee 1994):

The adoption of appropriate technologies for production,
procurement, processing and marketing—after the
unique environmental, social, economic, political and
cultural environment of the individual country has been
considered—is an important aspect of dairy development.

Since India has similar conditions to those in Australia
but significantly lower milk yields per animal it was
envisaged that Australian production systems could be
adapted to suit Indian farmers.

Around two-thirds of the 680 million people involved

in agriculture in India live in villages displaying a range
of climatic conditions. Landholdings tend to be small,
generally ranging between 1 and 10 acres (0.4-4 ha), with
milk-producing ruminants being an important resource.
These animals provide milk and income, and are a source
of fuel, fertiliser and draught power for farming.

Traditionally, farmers fed their animals on by-products
such as straw. The nutritional value of these feed stocks
is low and reduces the productivity of the animal. The
challenge for the project researchers was to transform
these by-products into a more valuable feed stock that
will enhance the nutritional uptake of the animal and
improve productivity through higher milk yields.

Many groups around the world have been involved in
research that aims to improve the feed-to-production
ratio and reduce costs associated with wastage. Australia
in particular undertook considerable amounts of
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research in the area of protected nutrients. The work
was supported by various industry bodies and aimed to
improve milk yields and enhance meat quality.

The proponents of the project were of the view that the
protected-nutrient technology as developed by CSIRO
during this period could assist Indian researchers and
farmers to develop optimally protected feed and deliver
improved feeding strategies. This would not only increase
milk yields but also improve the quality of the product.

Talks were held between the Indian Government, the
NDDB and CSIRO Animal Production, and a proposal
for ACIAR project AH/1997/115, a research program
based on the following hypotheses, was developed:

1. If suitable raw materials can be identified and
cost-effective treatment procedures developed it
will enable the production of ‘optimally protected’
feed supplements with enhanced nutritive value for
dairy cows.

2. The inclusion of these protected feed supplements
in the diet of dairy cows will enhance milk
production, milk metabolites such as fat/protein
and overall reproductive performance by providing
key nutrients to alleviate the deficiencies that exist
in the feeding regimes of dairy cows in India.

3. The production and utilisation of protected
feed supplements will add value to the different
segments of the Indian economy, including the
oilseed and dairy sectors, with concomitant
socioeconomic benefits.

The research proposal detailed five objectives and their
expected outputs, as shown in Table 2.

The project was initially due to commence in mid 2000
and finish in 2002, but an extension to this time frame
was approved and it was completed in late 2006.

Funding for the project came from the collaborating
organisations: CSIRO, NDDB and ACIAR. The
budgeted contributions for CSIRO and NDDB were
$783,213 and $169,477. Actual expenditures are not
available. CSIRO left the project before its completion,
reducing its planned expenditure to $682,896. Over the
course of the project ACIAR budgeted for expenditure
of $556,514. Its actual contribution was $821,152, the
increase due in part to the extension of the project. One
of the project leaders, Dr Suresh Gulati, left CSIRO

during the research and joined the University of Sydney
but continued to participate in the project. Assuming
the actual expenditure from CSIRO and NDDB was as
planned, the total expenditure would have been almost
$1.7 million in nominal terms.

Research outputs and outcomes

The research identified several by-products—sunflower
meal, guar-bhardo and rapeseed meal—that were
suitable as input to bypass protein meal, and a pilot
plant was built in Anand, India in April 2001. The

plant was capable of producing 150 kilogram batches

of bypass protein meal with 75% rumen undegradable
protein (RUP) at a time. This was used for feeding trials.

Trials of the feed with cows and buffaloes in the Gujarat
(western) region of India replaced 1 kilogram of
untreated meal per animal per day with 1 kilogram of the
processed feed. The results of the trials are listed in Table
3 and showed yield increases of between 0.7 and 1.1 litres
per day depending on the by-product used in the feed
and the type of milch animal being examined.

Other trials were undertaken in different parts of India
with the results for the Karnal (northern) and Orissa
(eastern) regions being similar. Results for trials in

the Kerala (southern) region of India showed slightly
smaller increases in yield.

Farmers are typically paid on the basis of the fat content
of the milk they are producing. This means that while
the first trial involving sunflower meal in cows yielded
the biggest increase in milk production, potential
increases in farmer income may lie elsewhere. Table 4
shows the increase in fat content of milk produced from
animals using by-product protein meal compared with
those using untreated feed.

A study done by the Centre for Development Studies
(Garg et al. 2005) confirms that farmer incomes did
rise. They found that incomes increased most for those
farmers with buffaloes, followed by those with local
cows, while those with crossbred cows gained the
smallest benefit. The additional income per animal net
of bypass protein costs for these farmers was estimated
to be Rs12.41, 9.26 and 7.28, respectively.
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From: Monck M. and Pearce D. 2008. The impact of increasing efficiency and productivity of ruminants in India

by the use of protected-nutrient technology. ACIAR Impact Assessment Series Report No. 53, 32 pp

Table 2. Objectives and expected outputs of ACIAR project AH/1997/115

Objective

Expected outputs

To develop improved procedures to protect
Indian and Australian by-product nutrients

Estimation of protection responses under Indian conditions
Digestibility and bio-availability of nutrients

Production response data in dairy cows in India:

(a) milk production responses (volume)

(b) quality of milk

Improved protection procedures for application in India and
Australia

To identify and evaluate 2—3 of the most
appropriate Indian by-products and develop a
protected-protein pilot plant

¢ Nutrient composition, physical and chemical evaluation of Indian
¢ by-products

¢ Optimal protection curves for identified materials

- Estimation of the degree to which by-products are protected from
: degradation in the rumen, using in-vitro and in-sacco procedures

To design for India a pilot plant to produce
optimally protected lipid supplements and to
evaluate Indian protected lipid with Australian
protected-lipid nutrients

Responses of protected Indian by-products in dairy cows on:
(a) milk production responses
(b) quality changes of milk

¢ (c) economic benefits under various regional production systems

Evaluation of Indian protected by-products—
protein and lipid nutrient supplements

to protect nutrients and the identification of

ruminant feeds

The application in Australia of improved methods

new Australian non-conventional by-products as

Production data in ruminants in Australia

In dairy cows:

(a) milk production responses

- (b) quality of milk

In sheep:

(a) wool growth responses

(b) economic benefits under various production systems

¢ Suitable feeding strategies for less-intensive industries in Australia

Table 3. Increase in milk yield from field trials of by-product protein meal

By-product used in meal and animal type

Yield increase
(compared to untreated feed)

Litres per day
Sunflower meal in cows 1.0
Rapeseed meal in cows—experiment 1 1.1
Rapeseed meal in cows—experiment 2 09
Guar meal in cows 09
Sunflower meal in buffaloes 08
Rapeseed meal in low-yielding cows 0.7

Source: Garg et al. (2005)
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Table 4. Increase in fat content from field trials of by-product protein meal

By-product used in meal and animal type

Increase in fat content
(compared to untreated feed)

Sunflower meal in cows 03
Rapeseed meal in cows—experiment 1 02
Rapeseed meal in cows—experiment 2 03
Guar meal in cows 02
Sunflower meal in buffaloes 0.4
Rapeseed meal in low-yielding cows 02

Source: Garg et al. (2005)

Following the success of the trials a new plant was
commissioned at Itola in Vadodara in 2002. This plant
can produce 120 tonnes of by-product protein meal per
month and currently runs at about 50 tonnes per month.
Another plant was established in 2005 at Godhra, with a
capacity of 300 tonnes per month. Three more plants are
planned in the near future: in Rajkot, Gujarat State (50
tonnes per day), the HOSPET Oil Plant, Karnataka (50
tonnes per day) and Kolhapur Milk Union, Maharashtra
(25 tonnes per day). Each of these plants supplies (or will
supply) bypass protein-feed supplement for cows and
buffaloes owned by local villages in their region.

The project also developed a slow-release ammonia
source to be used in conjunction with the bypass protein
feed. The intention is to incorporate this product, which
can increase milk production by a further 5-10%, into
existing and future plants. During the field visits to
current plants, however, it was not apparent that this
technology had been implemented.

A ration-balancing system was also developed by the
NDDB to assist farmers to maximise the nutritional
and economic benefits of correct utilisation of existing
feed resources. Educational programs have been put in
place to help disseminate this knowledge to farmers and
reduce the cost of milk production.

Each of these outputs has been well documented

with over 80 articles contributed to scientific journals
during the life of the project. A further 75 media pieces
have been released and ACIAR produced for project
staff ‘Methods for the analysis of protected-nutrient
supplements for ruminants, a manual detailing the
methods developed and used.

There have been other significant aspects of the project
that may lead to benefits. NDDB staff travelled to
Australia and were trained in the techniques used to
produce bypass protein and lipid supplements, quality-
control practices, nutritional evaluation methods, and
occupational health and safety requirements. This
last-mentioned area has had significant impacts on the
way that the Indian researchers conduct their laboratory
work, but there is little evidence that these work
practices have extended beyond those directly involved
in the project.

The Indian researchers who participated in the project
have adapted the methods developed by CSIRO (and
later the University of Sydney) to measure the rumen-
undegraded and rumen-degraded protein (RDP/RUP)
content of proteinaceous feedstuffs. These methods have
been found to be superior to the standard phosphate
buffer procedure currently used in India and plans

are being made to adopt them as part of the National
Feeding Standards for India.

Furthermore they are continuing their research into
bypass protein-feed supplements by examining alter-
native by-products that can be used in their production.
These include oilseeds, oils and other meals. The group
doing this work is producing small amounts of bypass
feed from these sources and evaluating the role such
feeds can play in a nutritional and economic sense in
the future. This research is still in its infancy so it is
difficult to determine the full set of benefits that will
arise. With this in mind no attempt at quantifying them
is made here.
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Other aspects of the project have seen NDDB establish
a well-equipped laboratory that has highly trained

staff. The laboratory is regarded as a national resource

for further research in the area of feed technology and

ruminant nutrition.

While there is no indication that the project has direct

benefits outside the Gujarat region in India there is
substantial research evidence to suggest the results

could be replicated elsewhere in India and other parts of

the world.

Figure 1 provides a summary of how the research maps

inputs through to final impacts.

ACIAR project AH/1997/115

v

OUTPUTS

Technology outputs

« New methods developed
for bypass protein feed
supplement production
using locally available feed
stocks

Scientific knowledge

« New knowledge about
bypass protein feed
supplement production
from Indian feed stocks

Capacity built

« Training of locals in
research techniques

« Establishment of laboratory
in India for further research

Policy analysis

« Not applicable

ADOPTION

Agents of change

v

v

v

v

Market incentives

« Increased milk yields
and higher incomes

Extension

+ New plants established
and more planned

Capacity building

« Locals trained in

use by farmer

technology encourage

Regulation

« Not applicable

OUTCOMES

Changes in practice and behaviour by final users

v

Demand

« Not applicable

Supply

+ Substantial increases
in milk production for
users of bypass protein
feed supplements

Environment

« Not applicable

Social

« Increased incomes
may lead to higher
expenditure on
education etc.

t

t

f

Risk

Changes in the level of uncertainty over outcomes

IMPACTS

Value delivered by outcomes

v

Economic

« Significant increases in producer
surplus for adopters

Environmental

« None identified

Social

« Potential for higher incomes to lead
to higher education etc.

Figure 1. Flow of outputs from project. Data source: Centre for International Economics
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3 Data and methodology

This chapter sets out the key parameters and method-
ology used to estimate the benefits and costs of the
ACIAR project. The data used in the analysis come from
a survey of 360 households consisting of 122 bypass
protein users and 238 non-users (Garg et al. 2005).

The effect on supply and prices

Within the Gujarat region there are approximately

6.9 million milch animals consisting of local breeds of
cows, crossbred cows and buffaloes. Table 5 shows that
buffaloes account for almost two-thirds of the total
while local cows make up one-third. The remainder are
crossbred cows.

The average milk yields in litres per day for each of these
classes of animals are 4.58, 7.78 and 4.49, respectively.
Feeding the animals 1 kilogram of bypass protein-feed
supplements increases the yield by between 0.41 and

1.1 litres per day (Garg et al. 2005). Gulati et al. (2005)
review several other studies that support this finding.

Garg et al. (2005) estimate the daily average feed
expenditures per head in the Gujarat region to be
Rs39.11 for local cows, Rs45.02 for crossbred cows and
Rs41.37 for buffaloes. Information collected during

field visits to farmers and personal communication

with NDDB staff has shown that the cost of feeding the
animals 1 kilogram of bypass protein-feed supplement is
approximately Rs1.00 per day.

Converting these yields and costs to a per litre basis
shows that production costs have decreased from the
pre-research levels by Rs1.48, Rs0.17 and Rs0.89 for
local cows, crossbred cows and buffaloes, respectively.

Field visits showed that the feed is distributed via the
milk collection points which means the composition of
animals using the feed is similar to the composition of
the total population of milch animals. No assumptions
are made about how this composition might change over
time. This simplifies the calculations by allowing the use
of weighted averages. The weighted average cost saving
across all three animal types is Rs1.05 per litre (Table 5).

Furthermore, farmers are better off due to the impacts
of the bypass protein feed on quality. In essence, the
market for milk in India is a market for fat. As the

fat content of milk increases the price received also
increases. Therefore, while the price of fat remains
constant! the per litre revenue for milk can vary. Several
studies (Gulati et al. 2002; Garg et al. 2002, 2003) reveal
statistically significant increases in the fat content of milk
in the order of 4.5-8.6% leading to higher prices. Garg
et al. (2005) show the price received for the milk rises by
between Rs0.56 and Rs2.38 per litre. Table 6 shows the
increases in revenue for every litre of milk. The weighted
average increase in revenue is equal to Rs1.72 per litre.

Production and feed requirements

NDDB officials estimate that the initial plant built in
Itola achieved 15% utilisation by 2002 and was running
at approximately 30% of capacity in 2008. They expect
that by 2011 the plant will be running at full capacity.
An adoption curve was fitted to these points for use in
the analysis.

1 The true demand for fat is not perfectly elastic but, since
the overall impact of this project is not large enough to
affect price, for simplicity and tractability a perfectly
elastic demand curve is used.
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Table 5. Milch animal population and cost information

Local cows Crossbred cows Buffaloes
Number ('000) 4,232
Percentéée of total pgpulation 612 """"""
Yields L/day
Without feed supplement 449
With feé;j supplemef‘wé 509 """"""
Changew 06 """"""
Feed costs Rs/day
Without feed supplement 4137
With feé;j supplemef‘wé 4237 """"""
Changew 100 """"""
Milk production costs Rs/L Rs/L Rs/L
Without feed supplement 854 5.79 921
o fe(;a Suppleme& .......................................................................................................... 8 32 ,,,,,,,,
Changew 089 """"""
Weighted average change (Rs/L) 1.05
Source: National Dairy Development Board, India; Garg et al. (2005)
Table 6. Milk revenue increase
Local cows Crossbred cows Buffaloes
Rs Rs Rs
Per litre revendé before) 965 760 ............... 1040 ................
Perlive revenue (afier) 1021 g3 o
Increase 0.56 133 238
Weighted average revenue increase (Rs/L) 172

Source: Garg et al. (2005)

Figure 2 shows the adoption profile for the Itola plant
and plants built since then based on advice from NDDB
staff. The Itola plant will take approximately 11 years to
become fully utilised with 2002 being year 1. The rate of
uptake will be determined by both the speed with which
the plant can be built and the rate at which farmers
adopt the new feed. While dairy production is quite
fragmented, dissemination of the feed occurs through
the cooperative mechanism. Farmers will initially be

sceptical of the new feed but, as more of them begin
to use it, the cooperative set-up leads to news of the
positive results spreading throughout the community
quite rapidly. The adoption profile for a plant thus
starts slowly but then picks up rapidly before reaching
full utilisation.
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Figure 2. Adoption profiles. Note: Itola plant utilisation is estimated to be 10.896*exp(0.1972*period) while later

plants are estimated as 9.2369*exp(0.3677*period). Data source: Centre for International Economics’ curves fitted

to National Dairy Development Board estimates

The same logic is applied to new plants but the profile
is accelerated. It is assumed that the yield increase from
the feed is more widely known before more capacity is
added, so the utilisation rates of these plants increase
faster. These plants utilise approximately 15% of their
full capacity in year 1, 30% in year 4 and achieve 100%
utilisation by the end of year 6.

The analysis is based on five plants—Itola, Godhra,

CFP Rajkot, HOSPET Oil Plant and Kolhapur Milk
Union—other plants are planned but they are still quite
uncertain at this point and are not included in the
analysis. The production capacities and utilisation rates
using the NDDB estimates are given in Table 7. By 2020
all plants are running at full capacity, supplying a total of
150 tonnes of feed supplement per day.

Using the NDDB rate of 1 kilogram of feed per animal
per day it can be seen that by 2020 when the plants are
fully utilised they will be able to serve 150,000 animals
per day.

Discount rate, deflator and exchange rate

The discount rate is set to 5% throughout the analysis.
The deflator series and exchange rates are taken from
Gordon and Davis (2007) and reproduced in Table 8.
All values, unless otherwise stated, are converted to
2007 dollars.

Attribution

The funding for the project came from three sources:
ACIAR, CSIRO and NDDB. The amounts contributed
by each organisation are shown in Table 9. The method
used to attribute benefits to ACIAR is based on the
relative contributions in terms of funding. ACIAR
funding accounted for 49.1% of the total research
expenditure for the duration of the project so attribution
is fixed at that rate.
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Table 7. Production capacities of feed-supplement plants and utilisation rates over time

Itola Godhra CFP, Rajkot HOSPET Kolhapur Total Cows fed
Oil Plant | Milk Union | production
Capacity 5 20 50 s 25 150
(tonnes/day) :
Utilisation % % % % % tonnes number
2002 133 0.0 0.0 0.0 00 0.7 664
2003 16.2 00 0.0 0.0 00 0.8 808
2004 19.7 0.0 0.0 0.0 0.0 1.0 984
2005 240 00 0.0 0.0 0.0 12 1,199
2006 29.2 133 0.0 0.0 0.0 4.1 : 4,129
2007 356 193 0.0 0.0 0.0 56 : 5633
2008 433 27.8 133 0.0 0.0 14.4 14,404
2009 52.8 40.2 19.3 0.0 0.0 203 20,315
2010 64.3 58.1 27.8 0.0 0.0 287 28,746
2011 783 83.9 40.2 133 0.0 475 : 47,464
2012 95.4 100.0 58.1 19.3 0.0 63.4 63,440
2013 100.0 100.0 83.9 27.8 0.0 80.9 80,858
2014 100.0 100.0 100.0 40.2 133 98.4 98,438
201 s 1 00.0 H 1 00.0 H 1 00.0 H H 58.1 H H 193 H 1 089 108854 ......
2016 100.0 100.0 100.0 83.9 27.8 1239 : 123,900
2017 100.0 100.0 100.0 100.0 40.2 1351 135,051
2018 100.0 100.0 100.0 100.0 58.1 139.5 . 139,518
2019 100.0 100.0 100.0 100.0 83.9 146.0 145,970
2020 ........ ‘I 00.0 H ‘I 00.0 H ‘I 00.0 H 1 00.0 H 1 00.0 H 1 s00 1 50000 ......

Note: Utilisation rates for individual plants are given as a percentage of total capacity.

Source: Values for Itola and Godhra plants are based on historical information up to 2007 and National Dairy Development Board (NDDB)

projections thereafter. All other plants are NDDB projections.

Methodology

Measuring the change in producer surplus offers an

indication of the benefits arising from the project. The

research has a dual impact on the producer surplus.

First it reduces the costs of production, which moves

the supply curve downwards. Second, farmers are now

receiving a higher price for their output. Figure 3 shows

the two effects.

The first effect, a shift in the supply curve, can be seen

to increase output from Q; to A. Producer surplus

is increased by the area P;P,ab. This area can be

calculated as:

0.5- kl * (Ql +A)

The price effect is estimated in a similar way. The price

received by farmers increases by k, giving an increase

in surplus equal to the area P;P,cb. Using the same

formula as above, the area is equal to:

0.5 k2 ° (A + Qz)
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Figure 3. Impact of a productivity boost. Data source: Centre for International Economics

The total producer surplus is therefore equal to:
05k1(Q1+A)+05k2(A+Q2)

A simple linear supply curve was estimated using the
prices and quantities from the survey data. The supply
equation was then used to estimate the production

of milk at point A, allowing the above formula to be
applied. This also has the benefit of breaking the surplus
benefits into its two components—cost savings and
revenue increase. Table 10 reports the values used in the
analysis over a 30-year period.

The surplus amounts are then converted to Australian
dollars using the rates in Gordon and Davis (2007).
These are then discounted at 5% per annum and
accumulated. The attribution rate is then applied to
determine the benefits that are attributable to the
ACIAR funding. By 2028 the benefits have reached a
steady state, as per Gordon and Davis (2007). The value
of the benefits reported for this year reflects the annuity
value of the future flow of benefits. Table 11 shows these
values along with the discounted cumulative benefits.

The change in producer surplus is a good estimation
of the welfare gains but the research costs must be
subtracted from it. These costs are calculated in each
year and deducted from the producer surplus, leaving
the net benefits. The research and plant establishment
costs are shown in Table 12 as nominal values before
being deflated to 2007 dollars and discounted.

It is also worth noting that when CSIRO terminated

its involvement in the project the University of Sydney
provided in-kind support of the project in the form of
administrative duties etc. These costs are not captured in
the project documentation and are thus excluded from
the analysis.

Table 13 summarises the total net benefit flows from
the project.
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Table 8. Deflator series and exchange rates

Year Deflator Exchange rate (Rs/A$)
1999 7591 . 27.79
2000 79.06 26.13
2001 82.19 24.42

2002 """""""""" 8429 26.44'“‘ """"""
2003 86.96 3033

2004 """""""""" 8088 33.37'“‘ """"""
2005 93.94 33.68
2006 97.53 34.13
2007 100.00 34.13

Source: Gordon and Davis (2007)

Table 9. Project funding contributions

ACIAR CSIRO NDDB Total
AS AS AS AS

1999 298,326 298,326
2000 138,286 : 193,248 A 50,682 382216
2001 131,571 279,014 82,135 492,720
2002 108,884 210,634 24,440 343958
2003 86,220
2004 70,085
Total : 682,396 A 1,673,525
Percentage of total 40.8

Note: The project did not commence until mid 2000 but the funding came from the 1999 budget.

Source: ACIAR project documentation
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Year Cost Revenue Pre- New Total post- Surplus Surplus Total
saving increase research quantity research from cost from surplus
(kq) (k,) quantity due to cost quantity savings revenue
(Qy) saving (Q) increase
(A)
Rs/L Rs/L L L L Rs Rs Rs
(millions) (millions) (millions) (millions) (millions) (millions)

na. na. na. na

na. na. na. na

na. na na. na
132 123 2.16 339
1.61 1.50 263 413
195 1.83 321 503
2.38 222 390 6.13
8.20 7.66 13.46 2112

11.19 10.45 1836 28.81
2861 26.73 46.95 73.68
40.35 37.70 66.22 10392
57.10 53.35 93.70 147.04
94.28 88.08 154.71 242.79

126.02 117.73 206.78 32451

160.62 150.05 263.56 413.61
195.54 182.68 320.86 50353

216.23 354.81
246.12 403.85

268.27 250.62 44020 690.82
27714 25891 454.76 713.67
289.96 270.88 47579 746.67
29797 27836 48892 76729
29797 27836 48892 76729
29797 27836 48892 76729
29797 278.36 48892 76729
29797 278.36 48892 767.29
29797 278.36 48892 767.29
297.97 278.36 488.92 767.29
297.97 278.36 48892 767.29
297.97 278.36 48892 767.29

Source: Garg et al. (2005) and Centre for International Economics’ estimates

n.a. = not applicable
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Table 11. Project benefits

Year

Total project Benefits

Discounted project

benefits

Cumulative benefits

Benefits attributed to
ACIAR Funding

ASm

3 The value shown in 2028 is the present value of an annuity for the benefits arising from 2028 onwards.

Note: The exchange rate is held constant at Rs34.13 per A$1 from 2007 onwards. Attribution for ACIAR benefits is fixed at 49.1%.

Source: Centre for International Economics’ estimates; exchange rate data from Gordon and Davis (2007)

22 »

THE IMPACT OF INCREASING EFFICIENCY AND PRODUCTIVITY OF RUMINANTS IN INDIA (IAS 53) — JUNE 2008




From: Monck M. and Pearce D. 2008. The impact of increasing efficiency and productivity of ruminants in India

by the use of protected-nutrient technology. ACIAR Impact Assessment Series Report No. 53, 32 pp

Table 12. Research funding contributions

Year ACIAR CSIRO NDDB Total costs Deflated Discounted
costs costs
$ $ $ S $(2007) AS

1999 298,326 298,326 393,000 393,000
“5666 .................................. {ééégé ........................ {;;égé ........................... é&ééé .......................... ééig{é ........................ %é;ggi .......................... ggd%éé ‘‘‘‘‘‘‘‘‘‘
méad{ .................................. {é{é;{ ........................ é;;ﬁ{g ........................... ééA;é .......................... géi;ﬁé ........................ é;égé; ......................... ;%i};% ‘‘‘‘‘‘‘‘‘‘
2002 108,884 210,634 24,440 343,958 408,065 352,502
S S %;666 ................................................................. {;éé& ............................ égéé&mnm“mummméékg; ........................... éig;b ‘‘‘‘‘‘‘‘‘‘
VR B ;&6éé .......................................................................................................... %&6é§ .......................... }ié}g ........................... éid;é ‘‘‘‘‘‘‘‘‘‘
méabg .....................................................................................................................................................................................................................................................................
2006
e s B R
S I e e
2009

2010
A S S R
T S S
2013

Total 821,152 682,896 169,477 1,673,525 2,061,130 1,892,351

Source: ACIAR project documentation
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Table 13. Total net benefit flows

Discounted benefits Costs Net benefits Cumulative net
benefits
SA million SA SA million SA million
1999 0.00 393,000 -0.39 -0.39
2000 0.00 460,429 -0.46 -0.85
2001 0.00 543,754 -0.54 -1.40
2002 0.16 352,502 -0.24 -1.64
2003 ......... 0.17 81,570 0.03 -1.61
2004 ......... 0.17 61,096 0.06 =155
2005 0.20 0.14 -1.42
2006 ......... 0.65 0.44 -0.98
2007 ......... 0.84 0.57 -0.40
2008 ......... 2.06 139 0.99
2009 276 1.87 2.86
2010 372 2.52 5.37
2011 .......... 5.85 3.96 9.34
2012 ......... 7.45 5.04 1438
2013 9.04 6.12 2050
2014 10.48 7.0 27.59
2015 ......... 11.04 747 3507
2016 11.97 8.10 43.17
2017 1243 841 51.58
2018 ......... 12.22 827 59.85
2019 ......... 12.18 8.24 68.10
2020 11.92 807 76.17
2021 11.35 7.68 83.85
2022 10.81 7.32 91.17
2023 ......... 10.30 697 98.14
2024 9.81 6.64 104.78
2025 9.34 6.32 111.10
2026 ......... 890 6.02 11712
2027 ......... 847 573 122.85
20282 161.38 109.23 232.08

a

Source: Centre for International Economics’ estimates

The value shown in 2028 is the present value of an annuity for the benefits arising from 2028 onwards.
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4 Results

The project generated benefits well in excess of the

costs incurred in undertaking the research. Table 14
presents a summary of the benefits and costs, and shows
the benefit:cost ratio to be 123.6. The internal rate of
return is 43.8%. The total research costs sum to $1.9
million and the benefits are valued at $234.0 million,
giving a net benefit of $232.1 million. Some 49.1% of
the net benefits, or $113.9 million, are attributable to
ACIAR funding.

Before the first plant began operating in 2002 there are
no benefits. They begin to accumulate as each plant
opens and increases production of bypass protein-feed
supplements. Figure 4 shows how the net benefits
accumulate from the beginning of the project through
to 2027. Early in the project the net benefits are
negative, reflecting the relatively large upfront costs of
the research component. By around 2009 these benefits
turn positive, accumulating to $122.85 million in 2027.
The benefits from 2028 onwards are constant and valued
at $109.2 million.

Table 14. Benefits and costs

Sensitivity of the results to the assumptions used

The results presented here are dependent on the
assumptions surrounding parameters used in the
modelling, as outlined in previous chapters. The results
will be particularly sensitive to three parameters—
revenue increases, cost savings and the discount rate.

The revenue increases and cost savings are dependent
on the yield increase that comes from a given amount
of feed and the price of the feed. The studies referred

to in Gulati et al. (2005) have an average standard
deviation of 0.42 litres around the mean milk yield
increase. The sensitivity analysis takes this and applies a
normal distribution to the yield increase. Feed costs are
estimated at Rs1.00 throughout the study but estimates
range from Rs0.70 to Rs1.2. A normal distribution is
used with a mean of 1.00 and a standard deviation of
0.18. This means that approximately 95% of the observa-
tions will fall into the range Rs0.70-1.30.

To total project funding

To ACIAR funding

Total costs (excluding feed) Sm 1.90 095
Toral benefis e 2300 11480
Net benefits Sm 23210 113.90
Benefit:cost ratio Ratio 123.60 121.20
ntemalrateof e % e 231

Note: All values are discounted at 5% and deflated to 2007 dollars.

Source: Centre for International Economics’ estimates
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Figure 4. Cumulative net benefits over time. Data source: Centre for International Economics’ estimates

Figure 5 shows the distribution of the net benefits with
the 95% confidence interval. Applying the parameters as
outlined above shows the lower end of the net benefits
may fall to $228.0 million with low yields and high feed
costs. On the other hand, the benefits may be as high as
$239.9 million if the yield increase is at the upper end
and feed costs are low.

Using the same inputs the internal rate of return will
range from 33.7% to 34.4% while the benefit:cost ratio
has a 95% confidence interval of 120.5:1-126.8:1.

Table 15. Sensitivity of benefits to the discount rate used

Following the impact evaluation guidelines of Gordon
and Davis (2007) the impact of the discount rate is also
assessed. The guidelines suggest using 0, 5 and 10% but,
since using 0% will yield an annuity value of infinity
for the final year of benefits, the values 1, 5 and 10%

are used here. The net benefits at each of these discount
rates are shown in Table 15.

Discount rate
1% 5% 10%
Benefits Sm 1,955.6 : 234.0 : 66.0
Costs Sm 20 19 1.8
Net S $m19536 2321 R S
BCR : Ratio 965.8 1236 377

Source: Centre for International Economics’ estimates
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Figure 5. Sensitivity to changes in feed costs and yields. Data source: Centre for International Economics’ estimates
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5 Conclusions

This report examines the economic impacts of ACIAR
project AH/1997/115, Increasing efficiency and produc-
tivity of ruminants in India and Australia by the use of
protected nutrient technology. The project sought to solve
problems with the low productivity of ruminants due

to the low nutritional value of traditional feed stocks.
Using the parameters outlined in the report the net
benefits of the project are in the order of $234 million,
which gives a benefit:cost ratio of 123.6:1. The internal
rate of return is 43.8%.

A significant factor in the success of this project is that it
was demand driven. The Indian Government identified
a problem that needed to be solved and the project was
developed around that need. Feed supplements were
developed by transferring technology from Australia to
India and modifying it to suit Indian conditions. Bypass
protein meal is now produced using locally available
feed stocks in plants built as part of the project. The
simplicity of the technology and the plants required to
produce the feed contribute to the overall benefits of
the project.

Benefits also arose from the project through the
development of strong working relationships between
Australian researchers and their Indian counterparts.
Some of the Indian researchers travelled to Australia
to learn new skills and techniques, many more have
been trained locally during the project and since

its completion.

Even when the results are tested for sensitivity to
changes in certain parameters the net benefits remain
positive in all cases. Furthermore it is likely that, with
the construction of more bypass protein-feed plants
over and above those included in the analysis, the
benefits will exceed those shown here. NDDB staft
spoke of plans for more than 20 plants in addition to
those considered here. The benefits of these will be

substantial but, due to the uncertainties surrounding
the planning process in these early stages, they have not
been included here.

Although this study relies heavily on data from the
Gujarat region it is not unreasonable to expect that

these results could be extended to other parts of India.
Many studies have been done elsewhere? that replicate
the positive results seen in Gujarat, suggesting that the
benefits could be replicated in other regions of India or,
indeed, other parts of the world. As the by-product meals
used for bypass protein-feed supplement production

are available worldwide and have a universally similar
composition and nutritional quality there is a potential
to use the treatment data and curves developed during
the project in other countries. Hence the data and results
of the project may be applicable to other developing
countries with dairy farming and agricultural systems
similar to those in India. Despite this, there is no
evidence that this project has directly resulted in any
gains outside of the areas considered in this paper.

The benefits to Australia are small at best. The
technology used in the project existed and was already
used in Australia before the project so adapting it to
Indian conditions would yield little, if any, benefit to
Australian farming. The main source of benefit would
therefore stem from the establishment of new networks
between research institutions and the ability to share
knowledge amongst researchers.

2 See, for example, Verite and Journet (1977), Madsen
(1982), Lundquist et al. (1986), Kairn et al. (1987),
Hamilton et al. (1992), Sampath et al. (1997) and, more
recently, White et al. (2000).
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