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Executive Summary 
 
The ICRISAT-NAIP-ICAR sub-project “Value Chain Model for Bioethanol Production from 
Sweet Sorghum in Rainfed Areas through Collective Action and Partnership” was 
implemented to develop a sustainable sweet sorghum ethanol value chain by addressing 
various issues in the sweet sorghum ethanol value chain, encompassing sweet sorghum crop 
production and transportation of stalks, crushing of stalks for juice extraction, syrup 
production from sweet juice, ethanol production from juice and the syrup, ethanol blending 
with gasoline, and the utilization of the byproduct (bagasse). To achieve this, a consortium 
of partners ICRISAT, DSR, IICT, CRIDA, ILRI and SVVU and Rusni Distilleries Ltd., was formed 
to work cohesively to address various issues in the sweet sorghum value chain. The support 
of Aakruthi Agricultural Associates of India (AAI), an NGO was also used in implementation 
of project activities in cluster villages. NAIP-ICAR provided the necessary funding support to 
the consortium in this endeavor. One of the consortium partners, Rusni Distilleries could not 
continue as a partner in the project to its full term owing to its own management issues and 
unfavorable policy environment for sweet sorghum ethanol that prevented it from 
continuing in the business. Therefore it voluntarily withdrew from the project by writing to 
the PIU-NAIP. We made efforts to identify an alternative partner to take care of centralized 
area operations in place of Rusni but we were not successful as other distilleries do not have 
a license to use sweet sorghum as feedstock, and also, they do not possess the required 
logistics to crush sweet sorghum. While the consortium focused on the ethanol value chain, 
it also explored other options to make the sweet sorghum value chain economically viable 
and sustainable. The food grade syrup-based food/pharma products value chain and the 
bagasse-based animal feed value chain were found very promising. The technical 
achievements and lessons learned in the sub-project during January 2008 to June 2012 are 
briefly presented hereunder. 

 

 Upon receiving the first grant, a kick-off meeting was organized at ICRISAT and 
workplans were developed for all partners. Ibrahimbad cluster in Medak district was 
identified for implementation of project activities. The Decentralized Crushing Unit 
(DCU) was established in Ibrahimbad village.  

 A baseline survey was conducted in the target villages and a report submitted. It was 
adjudged as one of the best baseline reports under Component 2 sub-projects.  

 Farmers interested in sweet sorghum cultivation were identified and trained in crop 
production techniques for achieving higher yields. Hybrid CSH 22SS seeds were supplied 
to farmers with Imidachloprid seed treatment to protect from shoot fly damage. 
Improved crop management practices, such as use of seed drills for sowing, weedicide 
application, and mechanical weeders were promoted for controlling weeds. Fertilizer 
application was given strong thrust and extension services were provided to the farmers 
all along the crop growth and harvesting periods. Harvested stalks were purchased by 
the DCU for crushing and farmers retained the grain. The stalks were crushed at DCU 
and syrup produced by boiling the sweet sorghum juice. The bagasse obtained from 
crushing was sold as animal feed after chopping. In the centralized model, the stalks 
were purchased by Rusni Distilleries and the juice extracted was fermented and distilled 
to produce ethanol. 
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 Innovations were made in sweet sorghum productivity enhancement, supply chain 
management, use of bagasse as animal feed, increasing the crushing efficiency, 
production of food grade syrup and its use in food industry, and mechanizing the sweet 
sorghum production for higher productivity. The increased crushing efficiency and labor 
efficiency resulted in reducing the syrup production cost to Rs 22.5 l-1 by the end of the 
project compared to Rs 24 in 2010, Rs 26 in 2009 and Rs 31 in 2008. 

 While promoting CSH 22SS (released sweet sorghum hybrid in India) for large scale 
cultivation in farmers’ fields, backup material development was given priority. On-farm 
testing was undertaken for three years and promising sweet sorghum cultivars were 
identified. The hybrids ICSSH 28 (sugar yield 4.1 t ha-1) and ICSSH 25 (sugar yield 4.0 t ha-

1) showed significantly higher sugar yield compared to CSH 22SS (sugar yield 2.5 t ha-1).  
Among the varieties, ICSV 93046 (sugar yield 3.8 t ha-1) showed significantly higher sugar 
yield compared to SSV 84 (sugar yield 3.2 t ha-1) indicating its superiority. Further, an 
additional window of 16 days was observed when these genotypes were used.  
Under participatory varietal selection in on-farm conditions, three DSR hybrids DSRH-1, 
DSRH-3 and DSRH-4, and one ICRISAT hybrid ICSSH 58 produced significantly higher 
fresh stalk yield (by 6 to 18%), juice yield (by 5 to 23%) compared to the control CSH 
22SS and they flowered earlier by 4 to 9 days than CSH 22SS.  

 Micronutrient fertilization (Zn) gave good results under on-farm conditions with 
productivity above 40 t ha-1.  

 Crop production economics was looked at on an annual basis. During the 2011 rainy 
season, total cost of cultivating sweet sorghum in farmers’ fields was Rs. 11,987 ha-1 
while that for competing crops, such as maize and maize intercropped with pigeonpea, 
was Rs. 18,458 ha-1. Net returns (excluding family labor) obtained for sweet sorghum 
was Rs. 1515 ha-1 while it was Rs. 3823 ha-1 for maize intercropped with pigeonpea. The 
higher net returns realized for maize-pigeonpea intercrop was due to higher yields 
reported for maize.  A critical review of the biofuel policy was carried out and distortions 
in the current policy for ethanol production were highlighted. Based on the distortions, 
recommendations were made for promotion of alternative feed stocks, like sweet 
sorghum, with a plea to provide this infant industry special support for distillery crushing 
of sweet sorghum along with a level playing field as compared to sugarcane. A more 
realistic administered pricing mechanism for ethanol needs to be provided so as to 
reflect its true cost of production. 

 Strategic research at DSR indicated that in post-rainy season, cv. SPSSV 30 produced 15% 
and 150% higher stalk yield than CSH 22SS and CSV 19SS, respectively. Stay-green trait 
showed significant positive relationship (p≤ 0.05) with stalk, sugar and ethanol yields. CV 
SPSSV 30, SPSSV 11, SPSSV 20 and SSV 74 recorded 396%, 128%, 109% and 82% higher 
computed ethanol yield than check CSV 19SS indicating a large scope for enhancing 
ethanol productivity 

 In the rainy season, SSRG 215 (44.7 t ha-1), and SSRG 200 (43.8 t ha-1) produced 18 and 
151% more stalk yield than check CSH 22SS (38.0 t ha-1). 

 Test hybrid SPH 1713 was significantly superior (43% more) to the check hybrid, while 
SPV 2074 alone was promising in varieties (17% more). 



10 

 

 Mechanization was given high importance so as to make the value chain sustainable. For 
example, mechanized sowing was done in 30 acres of area in Ibrahimbad cluster in 2011 
rainy season using CRIDA 6 row planter, and crop yields were higher by 15% when 
compared to conventional sowing. It also resulted in 90% of the germination which is 
15% more than conventional sowing and it also facilitated mechanical weeding. 

 A single row self-propelled sweet sorghum harvester was developed and tested on-
station. A three pass 6-roller crusher was developed and tested in the sub-project which 
gave 8% more recovery than the 3-roller crusher. A precision planter-cum-herbicide 
applicator was tested at farmer’s field for sowing and herbicide application 
simultaneously, which reduced the energy requirement.  

 Enhancing the shelf life of juice was one of the important activities of the sub-project. 
Juice storage stability studies were carried out using benzoic acid, sodium benzoate, 
citric acid, sodium citrate, sorbic acid and ascorbic acid as preservatives. Among them, 
sodium benzoate was found to be a more suitable preservative to enhance the storage 
shelf life of sweet sorghum juice. 

 Juice pasteurization at 80°C and storing at 35°C temperature was a good treatment for 
enhancing the shelf life of the juice and it was observed that there was not much 
variation in the sugar levels on storage for 10 days. 

 While plant utilization was given high priority, experimentation with livestock indicated 
that sweet sorghum bagasse is nutritionally superior over sorghum stover and paddy 
straw in terms of average daily gain and feed efficiency as perceived when fed to 
growing Deccani ram lambs. 

 Processing SSB/sorghum stover/paddy straw-based complete diets into mash form has 
better effect on the performance of growing sheep than making into blocks.  

  Attempts made to capture the untapped but highly established commercial diary units. 

 Market linkage for sweet sorghum bagasse and sweet sorghum stover was made with 
peri-urban dairy farms of Hyderabad. Sweet sorghum bagasse was sold at Rs. 700 t-1 and 
stover was sold at Rs. 1300 t-1. This expanded the market opportunities for sweet 
sorghum. 

 Documentation was one of the major outputs of the sub-projects. All the project results, 
learnings were thoroughly documented and published. A separate webpage for the sub-
project was developed and all major publications were uploaded to reach the 
stakeholders 

 Knowledge was one of the major objectives of the sub-project; therefore we conducted 
a large number of training programs including on-farm (4) and on-station (>6) trainings 
for farmers (>700) and other stakeholders.  

 On the whole, the sub-project was implemented in letter and spirit to build a successful 
sweet sorghum ethanol value chain with a range of interventions involving a variety of 
players. Economics of the entire value chain was studied and various models proposed 
to make the value chain viable. The biofuel policy was also thoroughly studied and 
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supportive interventions were proposed to make the sweet sorghum ethanol value 
chain sustainable. Favorable policy intervention in terms of stalk pricing (subsidizing raw 
material cost to the industry), ethanol pricing (subsidize current ethanol production cost 
with optimum in industry until it stabilizes), and institutional support will help the 
industry to scale up the processing of sweet sorghum for biofuel production more 
briskly. There is also a need to fast-track release/approval of improved multi-purpose 
sweet sorghum hybrids and varieties to promote the industry. Farm mechanization 
research needs to be strengthened in PPP mode for addressing the harvesting issues 
effectively. Similarly more emphasis is needed on increasing the sweet sorghum harvest 
window and supply chain management to meet the needs of the industry.  
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Part I: General Information of Sub-project 
 
1. Title of the sub-project: Value Chain Model for Bioethanol Production from Sweet    

Sorghum in Rainfed Areas through Collective Action and Partnership 
2. Sub-project code:  
3. Component: 2 
4. Date of sanction of sub-project: 17 December 2007 
5. Date of completion: June 30, 2012 
6. Extension if granted, from __________NA______________to__________________ 
7. Total sanctioned amount for the sub-project: INR 946.6442 lakhs 
8. Total expenditure of the sub-project: INR 729.75168 lakhs 
9. Consortium leader: International Crops Research Institute for the Semi-Arid Tropics 

(ICRISAT) 
Consortium Principal Investigator and address: Belum VS Reddy,  
Principal Scientist (Breeding) 
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru 
502324, A.P. b.reddy@cgiar.org; www.icrisat.org; Fax:+91-40-30713074; Ph: :+91-40-
30713487 

 
10. List of consortium partners: 

S. 
No 

Consortiu
m 
Partners 

Name of the Co-
PIs, Designation  

Full address with Phone 

Fax and Email 

Duration 
(From-To) 

Budget 
(Rs Lakhs) 

CPI ICRISAT 

Dr Belum VS 
Reddy, Principal 
Scientist  
(Breeding) 
Principal 
Investigator 

ICRISAT, Patancheru,  

502 324, Andhra Pradesh  

Phone: 040-3071 3487 

Fax: 040-3071 3074/3075 

b.reddy@cgiar.org 

a.ashokkumar@cgiar.org 

 

18 January 
2008 - June 
30, 2012 

454.6237 

CC
PI 
1 

 

 

 

 

 

NRCS 

 

 

 

 

 

Dr SS Rao 

Senior Scientist  

 

 

 

 

 

 

National Research Centre 
for Sorghum (NRCS), 
Rajendranagar, Hyderabad 
500 030. A.P, India 

Ph : 040-24015225, 
24015349 

Fax : 040-24016378 

ssrao@nrcsorghum.res.in 

 

do 108.36 

CC
PI  

2 

CRIDA 
Dr Venkateswarlu  
Director 

CRIDA, Santoshnagar,  

Hyderabad 500 059 

Phone: 040-2453 0161 

Fax: 040-2453 1802 

isvas@crida.ernet.in 

bsreddy@crida.ernet.in 

aravikant@crida.ernet.in 

do 62.91 

mailto:b.reddy@cgiar.org
http://www.icrisat.org/
mailto:b.reddy@cgiar.org
mailto:a.ashokkumar@cgiar.org
mailto:ssrao@nrcsorghum.res.in
mailto:isvas@crida.ernet.in
mailto:bsreddy@crida.ernet.in
mailto:aravikant@crida.ernet.in
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S. 
No 

Consortiu
m 
Partners 

Name of the Co-
PIs, Designation  

Full address with Phone 

Fax and Email 

Duration 
(From-To) 

Budget 
(Rs Lakhs) 

grkorwar@crida.ernet.in 

CC
PI  

3 

 

 

 

 

 

IICT 

 

 

 

 

 

Dr Ahmed Kamal 

 

Scientist F 

 

Indian Institute of Chemical 
Technology, 

Hyderabad - 500 007 

Phone: 040-2716 0123 

Fax: 040-2719 3370 

ahmedkamal@iict.res.in  

cgkumar@iictnet.org 

 

do 95.79 

CC
PI  

4 

ILRI 

Dr Michael 
Blummel, 
Principal 
Scientist, Animal 
Nutrition  

ILRI,  C/o ICRISAT, 
Patancheru 502 324 (AP) 

Phone: 040-3071 3653 

Fax: 040-3071 3074 

m.blummel@cgiar.org 

do 105,2405 

CC
PI 
5 

 

SVVU 

Dr N Nalini 
Kumari 
(03.01.2012 to 
30.06.2012) 
 
 
 
Dr Y Ramana 
Reddy 
(01.01.2008 to 
02.01.2012) 
 

Department of Animal 
Nutrition, 
College of Veterinary 
Science, 
Rajendranagar, 
Hyderabad 500 030, AP 
Tel: 23746032 
Cell: 98850-51280 
Email:  

ramanayr19@yahoo.co.in 

 

do Released 
38.01896 
lakhs +2.1 
lakhs (Yet to 
be released) 

CC
PI 
6 

 

RUSNI 

Dr AR 
Palaniswamy 
Managing 
Director, Rusni 
Distilleries 

Rusni Distilleries Pvt Ltd., 

411 HIG, BHEL, RC Puram 

Hyderabad 502 032 

Phone: 040-2302 5310 

Email: 
rusnispirit@rediffmail.com 

do 81.24 

CPI-Consortium Principal Investigator; CCPI-Consortium Co-Principal Investigator 
 
 
 
 
 
 
 
 
 
 

mailto:grkorwar@crida.ernet.in
mailto:ahmedkamal@iict.res.in
mailto:cgkumar@iictnet.org
mailto:m.blummel@cgiar.org
mailto:ramanayr19@yahoo.co.in
mailto:rusnispirit@rediffmail.com
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11. Statement of budget released and utilization partner-wise (in Lakhs): 

S. 
No
. 

Consortiu
m 
Partners 

Name of the CoPIs, 
Designation  

Total budget 
sanctioned 

Fund 
released 
(up to 
closing 
date) 

Fund utilized 
(up to 
closing date) 

CPI ICRISAT 

Dr Belum V S Reddy, 
Principal Scientist  
(Breeding), Principal 
Investigator,  ICRISAT, 
Patancheru,  

502324, Andhra Pradesh  

Phone: 040-3071 3487 

Fax: 040-3071 3074/3075 

b.reddy@cgiar.org 

a.ashokkumar@cgiar.org 

 

454.6237 

 

 

374.14825 380.37409 

CC
PI 
1 

 

 

 

 

 

DSR(NRC
S) 

 

 

 

 

 

National Research Centre 
for Sorghum (NRCS), 
Rajendranagar, Hyderabad 
500 030. A.P, India 

Ph : 040-24015225, 
24015349 

Fax : 040-24016378 

ssrao@nrcsorghum.res.in 

112.9907 

 

 

 

 

 

 

 

 

84.17335 84.06128 

 

 

CC
PI  

2 

CRIDA 

Dr YS Ramakrishna 
Director, CRIDA, 
Santoshnagar,  

Hyderabad 500 059 

Phone: 040-2453 0161 

Fax: 040-2453 1802 

ramakrishna.ys@crida.ern
et.in 

isvas@crida.ernet.in 

bsreddy@crida.ernet.in 

aravikant@crida.ernet.in 

grkorwar@crida.ernet.in 

62.91 lakhs 55.27432 55.27432 

CC
PI  

3 

 

IICT 

 

 

 

 

 

Dr Ahmed Kamal,  
CSIR-Indian Institute of 
Chemical Technology, 
Tarnaka, Hyderabad 
500607, India 

95.79 81.42408 79.7614 

CC ILRI Dr Michael Blummel 105,2405 93.0181 92.47227 

mailto:b.reddy@cgiar.org
mailto:a.ashokkumar@cgiar.org
mailto:ssrao@nrcsorghum.res.in
mailto:ramakrishna.ys@crida.ernet.in
mailto:ramakrishna.ys@crida.ernet.in
mailto:isvas@crida.ernet.in
mailto:bsreddy@crida.ernet.in
mailto:aravikant@crida.ernet.in
mailto:grkorwar@crida.ernet.in
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S. 
No
. 

Consortiu
m 
Partners 

Name of the CoPIs, 
Designation  

Total budget 
sanctioned 

Fund 
released 
(up to 
closing 
date) 

Fund utilized 
(up to 
closing date) 

PI  

4 

Principal Scientist, Animal 
Nutrition, ILRI, C/o 
ICRISAT, Patancheru PO 

502 324 (AP) 

Phone: 040-3071 3653 

Fax: 040-3071 3074 

m.blummel@cgiar.org 

 

 

 

 

 

 

 

CC
PI 
5 

 

SVVU 

Dr DVG Krishna Mohan  
Professor, Department of 
Animal Nutrition, 
College of Veterinary 
Science, 
Rajendranagar, 

Hyderabad 500030,  

AP 
Tel: 23746032 
Cell: 98850-51280 
Email: 
dvgkmohan@rediffmail.co
mramanayr19@yahoo.co.i
n 
 

38.5 lakhs+2.275  
(40.775 lakhs) 

38.01896  37.80832  

CC
PI 
6 

 

RUSNI 

Dr AR Palaniswamy 
Managing Director, Sweet 
Sorghum Ethanol Projects, 
Rusni Distilleries Pvt. Ltd., 

411 HIG, BHEL, RC Puram 

Hyderabad 502 032 

Phone: 040-2302 5310 

Email: 
rusnispirit@rediffmail.com 

81.24 

With 
drawn 
from 
project 
consortium
; informed 
the PIU, 
NAIP 

 

 
 CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 

 
 

 

mailto:m.blummel@cgiar.org
mailto:dvgkmohan@rediffmail.com
mailto:dvgkmohan@rediffmail.com
mailto:dvgkmohan@rediffmail.com
mailto:dvgkmohan@rediffmail.com
mailto:rusnispirit@rediffmail.com
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Part II: Technical Details  
 

1. Introduction  
 

India is among the top five fuel importing countries in the world. Economy wise, India is the 
11th largest economy in the world but being only the 22nd largest producer of oil in the 
world, it must import 2.9 million barrels of oil per day to fuel its rapidly growing economy.  
 
In order to reduce environmental pollution and dependence on oil imports, the Government 
of India has taken a policy decision – through the new Biofuel Policy – to blend bioethanol 
with gasoline up to 5% (E 5), and later to increase the blending up to 10% (E 10). Bioethanol 
is produced from different plant sources. Sugarcane molasses is the traditional source for 
the production of ethanol in distilleries. However, anhydrous alcohol is needed for blending 
purposes for which special facilities have to be set up in industries to dehydrate ethanol and 
then produce anhydrous ethanol. The possible ethanol production from available sugarcane 
molasses (8.2 million t annually) and other sources is only 2000 million liters per annum.  
 
The following table shows the projected demand for petrol and diesel and the amount of 
ethanol and biodiesel required for 5, 10, and 20 percent blending.  
 
Table 1. Projected demand for petrol and diesel, and biofuel requirements 

Year 

Petrol 
demand 
(metric 
tons) 

Ethanol blending 
requirements 
(in metric tons) Diesel 

demand 
(metric tons) 

Biodiesel blending 
requirements 
(in metric tons) 

@5 
% 

@10 
% 

@15 
% 

@5 
% 

@10 
% 

@15 
% 

2006-2007 10.07 0.50 1.01 2.01 52.32 2.62 5.23 10.46 

2011-2012 12.85 0.64 1.29 2.57 66.91 3.35 6.69 13.38 

2016-2017 16.40 0.82 1.64 3.28 83.58 4.18 8.36 16.72 
Source: Planning Commission, Government of India  

 
The above demands are based on estimated growth rates of 7.3 and 5.6 percent for petrol 
and diesel, respectively, in the 10th Plan (2001-2002 to 2006-2007), 5.0 and 5.0 percent in 
the 11th   Plan (2006-2007 to 2011-2012) and 5.0 and 4.5 percent in the 12th Plan (2011-2012 
to 2016-2017). 
  
Biofuels offer a number of environmental, social, and economic advantages, including lower 
emissions of harmful pollutants; decreased greenhouse gas emissions; increased 
employment; increased energy security, especially in rural areas; decreased dependence on 
oil imports; and efficient fuel properties for vehicles. 
 
Sweet sorghum for ethanol production 
Sweet sorghum [Sorghum bicolor (L.) Moench] is similar to grain sorghum with a sugar-rich 
stalk, almost like sugarcane. Apart from having rapid growth, high sugar accumulation, and 
biomass production potential, sweet sorghum can be grown under different agro-climatic 
conditions. The sugar content in the juice extracted from sweet sorghum varies from 16-
23% Brix. It has great potential for jaggery, syrup, and most importantly for fuel alcohol 
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production.  While the sweet juice from stalks can be used for ethanol production, the grain 
is good for human consumption, and the bagasse after extraction of juice from the stalks 
makes good livestock feed. 
 
Incubation of the sweet sorghum ethanol industry 
ICRISAT has incubated sweet sorghum ethanol production in partnership with Rusni 
Distilleries (Rusni) through its Agri-Business Incubator. Rusni is a 40 KLPD ethanol production 
unit located in Medak district of Andhra Pradesh (approx. 25 km from ICRISAT 
headquarters). It is the world’s first sweet sorghum-based ethanol production distillery. It is 
a multi-feedstock unit and can use other feedstock, such as broken/damaged grain, cassava, 
sugarcane, cashew apple, and mahua in the lean season. Commercial ethanol production 
commenced at Rusni from June 2007. A distillery of Rusni’s capacity requires sweet sorghum 
stocks from 8000 ha per year spread over different seasons, which comes to 3500 ha in 
rainy season and 4500 ha in the postrainy season. Rusni, with the help of Aakruthi 
Agricultural Associates of India (AAI), organizes farmers for large-scale sweet sorghum 
cultivation on a ‘buy-back’ mode for stalk procurement. This is termed as a centralized 
model. 
 
Issues encountered in the operation of the centralized model: 

 The availability of sweet sorghum stalks for crushing is limited to two seasons and 
only available for a short period (30-45 days per season). 

 The sweet sorghum stalks need to be crushed within 8-12 hours of harvesting as 
sugars start inverting with time delay, which affects juice recovery and fermentable 
sugar content. This limits the geographical command area of sweet sorghum crop 
cultivation to a periphery of 50 km radius of the distillery. The farmers beyond this 
area are not encouraged to take up sweet sorghum cultivation. 

 As available days for crushing are limited, the entire crop of sweet sorghum stalks 
pile up at the distillery leading to wastage as the distillery cannot crush more than 
900 t day-1). 

 Crop production is not mechanized to enable comparison of area; so there is no 
information available on juice quality, its stability and fermentation efficiency. 

 Bagasse obtained from crushing sweet stalks is used as fuel for heating the boiler 
which potentially compounds the problem of feed scarcity.  

 
Therefore, it was felt that there is a need to strengthen the value chain of sweet sorghum 
ethanol production through holistic intervention to benefit all stakeholders. Thus, it was 
envisaged to establish a decentralized crushing unit (DCU) for syrup production to enhance 
the period of feedstock availability for ethanol production; to reduce the volume of 
feedstocks to be transported to the distillery, and to reduce the time lag between 
harvesting and crushing of stalks. The DCU model will leave the bagasse at the village itself 
for use as animal feed, and also provide opportunities for local employment and 
entrepreneurship. 
 
In the light of all these issues and learnings and the need to develop an economically viable 
and sustainable sweet sorghum ethanol value chain, the present project is conceived with 
the following objectives:  
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2. Overall Sub-project Objectives 

1. Assess economic and environmental viability, enabling policies and institutions for 
promoting cultivation of sweet sorghum for bio-ethanol production and its impact on 
environment, rural incomes, livelihoods and social capital development.  

2. Develop and establish pilot-scale Public Private People Partnership (PPPPs) value 
chain bio-ethanol enterprise models through a "Seed-to-Tank" approach 
encompassing sweet sorghum production, processing, value addition, marketing and 
environment protection.  

3. Farmers’ participatory multilocation testing of the improved biomass (stalks and 
grain) and juice yielding sweet sorghum cultivars under on-farm situations and 
development of production and seed systems in the targeted area.  

4. Fine-tuning of package of practices for increased harvest window, mechanization 
and development of protocols for by-product utilization.     

5. Capacity building and skill development of all the stakeholders, including rural 
communities in the enhanced sweet sorghum production and value chain for bio-
ethanol production.  

 

3. Sub-project Technical Profile 
(Indicate briefly objective-wise work plan, monitoring indicators, expected output and 
expected outcome) 
Table 2. Workplan and monitoring indicators 

Objective 
no. 

Workplan outputs and Activity Monitoring indicator Expected Output Expected Outcomes 

1.1 Output 1: Economic and environmental 
assessment of sweet sorghum for ethanol 
completed  

1.1.1 Baseline characterization (bio-
physical and socio-economic) of the target  
areas (ICRISAT) 

Database and survey 
report  

 

1.1 Economic and 
environmental 
assessment of 
sweet sorghum 
for ethanol 
completed 
(A.P) 

 
 
 

National programs 
(5) make use of 
these studies 
 
 
 

 1.1.2 Assess economic competitiveness of 
sweet sorghum as a feedstock for bio-
ethanol with other crops like maize, 
sugarcane and cassava, and economics of 
sweet sorghum cultivation vis-à-vis crops 
replaced (ICRISAT, NRCS) 

Database and Reports  

 

 

 

 

1.2 Enabling policy and institutional 
mechanisms for sweet sorghum ethanol 
model documented 

1.2.1 Documentation and analysis of the 
existing policies and institutional 
mechanisms in sweet sorghum ethanol 
technology  (ICRISAT, NRCS) 

Policy briefs and reports  

 

 

 

1.2  Enabling policy 
and 
institutional 
mechanisms for 
sweet sorghum 
ethanol model 
documented  
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Objective 
no. 

Workplan outputs and Activity Monitoring indicator Expected Output Expected Outcomes 

2.1  Output 2: Pilot model of decentralized 
crushing-cum-syrup making unit 
encompassing… 

2.1.1 Establishment of decentralized juice 
extraction and syrup making units for 
value chain development (ICRISAT) 

Number of 
decentralized crushing 
units operational and 
running; and quantity of 
syrup produced  

2.1 Pilot model of 
decentralized 
crushing-cum-
syrup making 
unit 
encompassing 
sweet sorghum 
bioethanol 
value chain 
established and 
operationalized 

 
  

Farmers in other 
villages will study 
the model to set up 
decentralized 
crushing-cum-syrup 
making units (4) 
 

 2.1.2 Providing technical support to the 
farmers for enhanced crop productivity 
(ICRISAT, NRCS, CRIDA, RUSNI) 

No. of technologies 
advocated and 
adopted; No. of farmers 
benefited  

 2.1.3 Linking farmers to decentralized 
units and processing industry (ICRISAT) 

No. of farmers linked to 
decentralized units and 
distillery  

2.2 Learnings from the innovative and pilot 
value-chain model of bio-ethanol      
production from sweet sorghum 
documented 

2.2.1 Process documentation built-in in 
the pilot model  system  to identify 
strengths, weaknesses, opportunities and 
threats of the model (ICRISAT) 

Documentation reports  

 

 

 

 

2.2 Learnings from 
the innovative 
and pilot value-
chain model of 
bioethanol 
production 
from sweet 
sorghum 
documented 

 
 
 

 2.2.2 Content development of the model 
to be used as inputs for Outputs 1.2 and 
5.2 (ICRISAT 

Content development 
manual  

Farmers in other 
villages will study 
the model to set up 
decentralized 
crushing-cum-syrup 
making units (4) 

3.1 Output 3: Promising sweet sorghum 
cultivars for target region identified  

3.1.1 Identification of varieties, hybrid 
parents and hybrids through multi-
location on-farm testing and farmers’ 
participatory cultivar selection (ICRISAT, 
NRCS) 

Number of varieties and 
hybrids identified 

 

 

 

 
 3.1 Promising 

sweet sorghum 
cultivars for 
target region 
identified 

 
 

National programs 
(16) use these 
cultivars (2) 
 
 
Large quantities of 
seed available 

 3.1.2 Development and assessment of 
biochemical quality parameters of sweet 
sorghum juice for optimizing recovery, 
minimizing storage losses and improved 
fermentation efficiency (IICT, NRCS, 
RUSNI) 

Percent improvement in 
juice quantity and 
quality; improved 
methods of juice shelf-
life extension  and 
fermentation efficiency  
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Objective 
no. 

Workplan outputs and Activity Monitoring indicator Expected Output Expected Outcomes 

3.2 Seed and other inputs supply systems for 
large scale sweet sorghum cultivation 
established 

3.2.1 Developing institutional mechanisms 
for supply of inputs like seed, fertilisers, 
machinery etc. (ICRISAT) 

No. of institutional 
mechanisms identified 
and no. of farmers 
benefited  

 

 

3.2 Seed and other 
input supply 
systems for 
large scale 
sweet sorghum 
cultivation 
established 

 
 3.2.2 Seed multiplication and supply in the 

target region (ICRISAT, RUSNI) 

No. of groups/seed 
companies organized 
for seed production; 
Quantity of seed made 
available to farmers  

4.1 Output 4: Production package for 
increasing the harvest window developed  
4.1.1 On farm trials for refining agronomic 
practices for enhancing the productivity 
and availability of sweet sorghum 
feedstock to the industry (ICRISAT, NRCS, 
RUSNI) 

Mapping of the area for 
different planting dates;  
Enhanced period of 
feed stock availability  

4.1 Production 
package for 
increasing the 
harvest window 
developed 

 

Help more 
institutions make 
use of this 
information 
 

 4.1.2 Generating data to validate the 
simulation models for identifying potential 
areas suitable for prolonged availability of 
feedstock materials  to the industry in AP 
(ICRISAT) 

Data base and model 
validated for sweet 
sorghum; mapping of 
potential areas in AP for 
sweet sorghum 

  
 
-- do -- 

4.2 Mechanized crop production methods 
and protocols for by-product utilization 
developed 

4.2.1 Evaluation and refinement of 
suitable machines for harvesting leaf / 
sheath stripping and crushing (CRIDA, 
RUSNI) 

Refined harvesting and 
leaf stripping machines 
available for use on the 
field  

4.2 Mechanized 
crop 
production 
methods and 
protocols for 
by-product 
utilization 
developed 

 4.2.2 Development and evaluation of 
protocols for production of animal feed, 
organic matter and fuel from the sweet 
sorghum stillage (ILRI, SVVU, ICRISAT, 
RUSNI).  

Value addition as 
livestock feed, organic 
manure and fuel. 

 

5.1 Output 5: Enhanced capacities of various 
stakeholders to maximize the 
productivity and profitability of value 
chain achieved 

5.1.1Training of farmer groups and CBOs 
for micro-entrepreneurship and 
management practices to increase the 
harvest window (ICRISAT, NRCS, RUSNI, 
CRIDA) 

Number of training 
programs conducted 
and number of farmer 
groups and CBOs 
trained 

5.1 Enhanced 
capacities of 
various 
stakeholders to 
maximize the 
productivity and 
profitability of 
value chain 
achieved 
 
 

Several stakeholders 
(private 
sector/public 
sector/farmers) will 
have enriched 
knowledge on value 
chain 

 5.1.2 Increasing the awareness of various 
Number of field days 
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Objective 
no. 

Workplan outputs and Activity Monitoring indicator Expected Output Expected Outcomes 

stakeholders through the conduct of field 
days, training, consultation and provision 
of IEC materials on  sweet sorghum 
cultivation, processing and ethanol 
production (ICRISAT, NRCS, RUSNI) 

conducted and Number 
of different IEC 
materials made 
available 

5.2 Training material (manuals, protocols, 
and audio video material) on sweet 
sorghum ethanol production made 
available 
5.2.1 Development and popularization of 
training materials to suit various interest 
groups (ICRISAT, NRCS, CRIDA) 

Number of training 
materials developed 
and popularized 
according to users 

5.2 Training 
material 
(manuals, 
protocols, and 
audio video 
material) on 
sweet sorghum 
ethanol 
production 
made available. 

 
 
 

--do-- 

 5.2.2 Provision of access to these 
materials to SHGs and other interest 
groups (ICRISAT) 

All the training 
materials distributed to 
farmers, SHGs, CBO, 
and developed project 
website for wider 
access to the materials.  
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4. Baseline Analysis  
Daulathabad cluster in Medak district was selected for the sweet sorghum value chain 
project considering area under dryland crops and presence of distillery, willingness of 
farmers to grow sweet sorghum, and availability of land for setting up a decentralized 
crushing unit. The cluster covers seven villages within 10-15 km radius of Daulathabad. The 
baseline survey covered five villages that included Ibrahimbad, the largest village and 
Sikindlapur thanda falling in the neighboring mandal. From the 5 selected villages, a 
stratified random sample of 134 households with probability proportional to size of land 
holding was drawn. In the sample, small farmers formed the dominant group with a share of 
48% while marginal farmers’ category constituted 33 percent. Medium-sized farms 
accounted for 13% while only 6% of the sample belonged to the large farm category.  

 
The data was collected through personal interviews from farmers using a well-structured 
questionnaire for the agricultural year 2007-08. The key findings reveal that the average age 
of the household head was about 43 years. The average family size was 5 persons per 
household. Only 28% of household heads were literates and the average level of education 
was 2.5 years, which is considered very low. The sample households primarily depend on 
agriculture for their livelihood. About 74% of households reported agriculture as the main 
occupation followed by agricultural labor. Rearing livestock is a less important activity in the 
study area as it is a primary occupation for only 4% of the sample but is an important 
secondary occupation for 15% of the households. Income sources closely follow the 
occupation patterns with 62% of the income coming from agriculture followed by wage 
earnings and animal husbandry, which are 14% and 12%, respectively. Animal husbandry 
earnings are mainly from sale of animals.  
 
The average operational land holding size was 4.42 acres. Leasing in and leasing out of land 
is not a common practice in the study area. About 50% of the cropped area is irrigated 
mainly with bore wells. Paddy and sugarcane are the main crops on irrigated lands while 
maize and maize intercropped with pigeonpea are the main dryland crops. Since 2006-07 
farmers have been growing sweet sorghum on a limited area. Only a small fraction of the 
area is cultivated during post-rainy season. The major types of livestock in the study area 
include cattle, buffaloes, goats, sheep and poultry. Draft animals were the most popular 
stock kept by about 66% of the households, followed by she buffaloes 23%, and local cows 
11%. A number of farmers also kept calves and young buffaloes as replacement for aging 
cattle and buffalo stock. Sample households possessed assets and implements, such as 
ploughs, bullock carts, and seed drills mainly used in crop production. But only 25% own 
cultivators, and less than 4% owned sprayers. There are only four tractors, which are owned 
by large farmers. Farmers use the total production of a given crop to meet various needs. 
Depending on crop type and the degree of commercialization, the output of a given crop 
may be consumed, sold, used as seed or stored. The marketed surplus of crops was 75-
100%.  Rice is the staple food consumed by households followed by sorghum, maize and 
sweet sorghum.  
 
More than 65% of households reported that they have already cultivated sweet sorghum. 
They cited supply of inputs on credit basis, and assured buy back as the main reason for 
growing sweet sorghum crop on a limited area initially. However, only 41% of households 
who grew sweet sorghum showed interest to expand the area under the crop in the coming 
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years. The main reason for those who were not willing to expand the area was limited land 
holdings.  
 
The costs of cultivation that were covered include both paid out costs and imputed costs. 
Paid out costs include hired labor (human, animal, and machinery); expenses on material 
inputs such as seed, fertilizer, manure, pesticides, and irrigation; and rent paid for leased-in 
land. Since some of the inputs used in the production process come from family sources, the 
value of these inputs was imputed. The method of imputing these costs was on the basis of 
the prevailing market rates for labor and materials and post-harvest prices of the main 
product and by-product. However, in calculating the net returns to crop cultivation, only 
cost concept A1 was considered, i.e., the value of paid out costs such as hired labor and 
expenses on materials.  
 
Costs: The sum of all costs (labor and materials) per hectare of sweet sorghum is Rs. 11,510. 
Costs incurred in fertilizing the field and in inter-cultivation and weeding account for the 
largest share at 18% each (Figure 1). Farmyard manure (FYM) is the next most expensive 
component accounting for 17% of the total expenses. Harvesting and threshing account for 
15% of the total expenses.   

 

Harvesting and 

threshing

15%

Spraying and 

watching

9%

Intercultivation 

and weeding

18%

Fertilizer

18%

Sowing and 

seed

11%

FYM

17%

Land 

preparation

12%

Total expenses 

Rs. 11,510/ha

 
Figure 1. Activity-wise break up of cost of cultivation for sweet sorghum 
 

However, during 2007-08 i.e., prior to start of the project the profitability (net income 
excluding family labor) was highest for maize-pigeonpea intercrop, followed by sole maize. 
Sweet sorghum was the least profitable (Table 3).  During this year farmers were growing an 
improved variety of sweet sorghum whose performance was below expectation. 
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Table 3. Costs and revenues of sweet sorghum, maize and maize + pigeonpea intercrop 
Daulathabad cluster, A.P., 2007 

 Sole crop Intercrop 
 

Category  
Sweet 
sorghum 

 
Maize 
 

 
Maize + pigeonpea 

Total 
 
 

Grain yield (kg/ha) 
 

346 2,434.5 1,938.4 284.6 
 

- 
 

Grain value (Rs/ha) 
 

2,214.4 15,854.7 12,438.4 4,896.1 
 

17,433.5 
 

Fodder yield (qtl/ha) 
 

141.7 34.7 36.6 
 

7.7 
 

- 
 

Fodder value (Rsl/ha) 
 

8,504.0 927.2 - 
 

- 
 

1,131.6 
 

Gross income (Rs/ha) 
 

10,718.4 16,781.9 - 
 

- 
 

18,466.2 
 

Total expenses (Rs/ha) 
 

- 13,306.3 - 
 

- 
 

13,094.5 
 

Total expenses excluding 
family labor (Rs/ha) 

7,716.2 9,385.9 - 
 

- 
 

8,329.5 
 

Net income excluding 
family labor (Rs/ha) 

3,002.3 7,395.9 - 
 

- 
 

10,136.7 
 

Source: Baseline survey NAIP 

 
 
 

5. Research Achievements  
 
5.1 Research Achievements – ICRISAT 

 
5.1.1 Decentralized crushing unit (DCU) establishment  

DCU is the major innovation in the project as it addresses the supply chain management 
that contributes in making sweet sorghum ethanol economically viable.  A team of scientists 
and managers from ICRISAT and representatives from an NGO conducted two surveys in 
Medak district, Andhra Pradesh for identifying suitable villages for project implementation 
and for establishing the site for decentralized crushing-cum-syrup making unit (DCU). Based 
on the findings from these surveys, Ibrahimbad cluster with 7 villages was identified in 
Medak district, Andhra Pradesh (Table 3). The villages were selected using the following 
criteria: (i) access; (ii) natural resources (soil type, rainfall pattern, topography, etc.); (iii) 
social harmony; (iv) cropping systems; (v) irrigation sources; (vi) willingness of farmers to 
participate in the project activities; (vii) feasibility of growing sweet sorghum crop on a large 
scale; and (viii) availability of land for establishing the DCU. 
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Table 4. Total number of villages and households in Ibrahimbad cluster 

S. No. Village name No. of households 

1. Ibrahimbad 192 

2. Errakuntla Thanda 67 

3. Seethya Thanda 21 

4. Durgaiah Thanda 20 

5. Umla Thanda 19 

6. Sikindlapur Thanda 123 

7. Laxman Thanda 54 

 Total 514 

 
There was no panchayat land (community land) available in the village, so the team 
approached private farmers with land for establishing the DCU based on the 
recommendation of village administration. One acre of private land was leased out for 
establishing the DCU @ Rs. 10,000 (USD 200) per annum. It was agreed upon in the village 
meeting that the lease amount was to be borne by the sweet sorghum farmers who supply 
stalks to DCU. Accordingly a lease agreement has been signed in the presence of village 
administration. In a record 58 days, the DCU was established with the necessary civil 
structures and machinery and operationalized (Figure 2). The sweet sorghum farmers were 
arranged in to groups and trained in crop cultivation aspects, DCU operation and 
maintenance. 
 
 
 
 
 
 
 
 
 
 

Figure 2. Decentralized crushing-cum-syrup making unit 
 
5.1.2 Technical support to the farmers for enhanced crop productivity 
A total of 200 sweet sorghum farmers were identified every year for undertaking the crop 
and trained in sweet sorghum crop production but keeping in view the capacity of the 
crushing unit, the seed was supplied to 120 acres (120 farmers) at the beginning of every 
rainy season. The sweet sorghum hybrid CSH 22 SS was used for planting in all the years and 
a seed rate of 8 kg ha-1 was used. Seed treatment with Imidacloprid was followed @5 ml kg-1 
seed. Necessary inputs like weedicides and fertilizers were supplied to all project farmers on 
a cost basis. These costs were deducted while procuring the sweet stalks from farmers. 
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Regular extension services were provided to farmers through the project staff and NGO 
personnel to increase the yields under farmers’ fields. The green stalks were procured from 
farmers, paying them @ Rs 600 t-1 as agreed upon in the beginning of the project but 
increased subsequently to Rs 800 by the end of the project. The farmers harvested grains 
for consumption and marketing before cutting the stalks (Figure 3).  
 
5.1.3 Linking farmers to decentralized units and processing industry 
A project office was opened at Daulathabad, a village near the Ibrahimbad cluster villages. 
Project staffs are based round the clock here and operate in the farmers’ fields and at DCU. 
The sweet sorghum growers were organized in to an association that function as a united 
entity for crop cultivation, marketing, management of DCU, etc. The registration of the 
association as a mutually aided society is in progress. These farmers were linked to DCU and 
the syrup from DCU was supplied to Rusni Distilleries.  
 

 
Figure 3. Sweet sorghum (CSH 22SS) under large-scale cultivation 

 
5.1.4 On-farm evaluation of sweet sorghum cultivars  
The project focused on identifying suitable sweet sorghum cultivars for the project areas by 
testing the selected genotypes from research stations (ICRISAT and DSR) and from the 
farmers’ fields. Accordingly, an on-farm trial was conducted for evaluation of sweet 
sorghum cultivars (6 hybrids and 7 varieties) along with controls CSH 22SS and SSV 84 in 
Ibrahimbad village during the 2008 and 2009 rainy seasons. Mean performance of the 
genotypes indicated that  among the hybrids,  ICSA 475 × SSV 74 (sugar yield 1.9 t ha-1) and 
ICSA 84 × SP 4511 (sugar yield 1.8 t ha-1) were on par with the control CSH 22SS for sugar 
yield (Table 2). These two hybrids were earlier to flower by 5-6 days compared to CSH 22SS 
(84 days to 50% flowering). Use of these hybrids for cultivation helps in increasing the 
period of raw material availability to the industry. CSH 22SS showed higher grain yield (3.3 t 
ha-1) than all other entries. Among varieties, SPV 422 showed sugar yield (2.5 t ha-1) on par 
with the control SSV 84 and for grain yield SPV 422 and SP 4511-2 were on par to SSV 84 (2.8 
t ha-1). Overall, the hybrids recorded higher grain yields compared to the varieties and 
varieties recorded higher sugar yields compared to hybrids.   
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Table 5.  Mean performance of sweet sorghum cultivars in on-farm demos in 2008 and 
2009 rainy seasons at Ibrahimbad cluster 

Cultivar name 
Brix 
% 

Stalk 
weigh
t    (t 
ha-1) 

Juice 
weigh
t    (t 
ha-1) 

Juice 
volum
e     
(kl ha-

1) 

Sugar 
yield    
(t ha-1) 

Bagass
e yield    
(t ha-1) 

Grain 
yield    
(t ha-1) 

Days to 
50% 
flowerin
g 

Plant 
height 
(m) 

Hybrids          
ICSA 702 × SSV 74 15.2 27.2 9.8 9.2 1.5 14.9 2.8 79 3.1 
ICSA 474 × SSV 74 15.5 22.5 8.3 7.7 1.3 12.2 2.4 78 3.5 
CSH 22SS 
(control) 14.8 24.5 10.2 9.4 1.5 11.9 3.6 84 3.3 
Varieties          
SP 4511-2 17.2 30.0 10.9 10.0 1.9 15.8 2.5 81 2.8 
SP 4487-3 16.0 19.8 7.6 7.1 1.2 10.5 2.0 86 3.0 
SSV 84 (control) 17.6 29.1 10.7 9.8 1.9 14.6 1.9 89 3.0 

Mean 
16.0
4 25.52 9.59 8.84 1.55 13.28 2.54   

SE + 0.70 1.86 0.93 0.80 0.16 0.81 0.29   
CD (5%) 2.06 5.46 2.73 2.34 0.48 2.39 0.85     

 
In continuation to this, another on-farm trial was conducted at Ibrahimbad during 2010-11 
rainy season. In this trial, the hybrids ICSSH 28 (sugar yield 4.1 t ha-1) and ICSSH 25 (sugar 
yield 4.0 t ha-1) showed significantly higher sugar yield compared to control CSH 22SS (sugar 
yield 2.5 t ha-1).  Among the varieties, ICSV 93046 (sugar yield 3.8 t ha-1) showed significantly 
higher sugar yield compared to control SSV 84 (sugar yield 3.2 t ha-1) indicating their 
superiority. Further, we also found that there existed a maturity window of 16 days when 
we use these genotypes along with the controls in the sweet sorghum command areas.   
 
5.1.5 Participatory varietal selection  
With the three years on-farm trials results in hand, we conducted participatory varietal 
selection in 2011 rainy season by pooling genotypes found superior in on-farm trials 
(Ibrahimbad) and in on-station trials (ICRISAT and DSR). At physiological maturity, we invited 
13 project farmers to the trial and asked them to give ranking to genotypes and select the 
genotypes of their choice for future use. The results are as follows: 
• Under participatory varietal selection in on-farm conditions, three DSR hybrids DSRH-1, 

DSRH-3 and DSRH-4, and one ICRISAT hybrid ICSSH 58 produced significantly higher 
fresh stalk yield (by 6 to 18%),  juice yield (by 5 to 23%) compared to the control CSH 
22SS and they flowered early by 4-9 days than CSH 22SS.  

• Two ICRISAT developed hybrids ICSH 39 and ICSSH 28 produced significantly higher grain 
yield (by 33 and 38%) followed by DSR developed hybrids DSRH-1, DSRH-3 and DSRH-4 
(by 10 to 24%) over check SSV 84. No test entry was superior to CSH 22SS for grain yield.  

• The overall rating score given by 13 farmers ranged from 2 to 4. The control hybrid CSH 
22SS, two ICRISAT developed hybrids (ICSH 28 and ICSSH 39) and two DSR hybrids 
(DSRH-1 and DSRH 4) were preferred with score 2 when the scores of 13 farmers were 
averaged. 
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5.1.6 Economics of sweet sorghum cultivation - Decentralized System 

The economic performance of sweet sorghum cultivation for ethanol production is carried 
out under two different production systems: the centralized and the decentralized. The 
economic analysis will provide evidence on the competitiveness of sweet sorghum as an 
alternative crop in the farmer’s field and as a feedstock for bio-ethanol production. Based 
on the real time data available from the farmers’ field from pilot testing sites/clusters, cost 
of production of sweet sorghum is collected along with similar costs for competing crops 
that sweet sorghum could replace (partially). The primary data on sweet sorghum 
cultivation under centralized locations was collected for the crop year 2007-08 from 
Daulathabad cluster in Medak district of Andhra Pradesh, while for the decentralized 
locations, data was collected for the crop years 2008-09, 2009-10, 2010-11 and 2011-12 
from Ibrahimbad village in Medak district of Andhra Pradesh. However, the cost of 
production of sweet sorghum is presented only under decentralized locations since 
operations under centralized locations were carried out only for one year.  
 
The data collected was analyzed for various costs, gross and net returns and input-output 
ratios of the crops. The costs of cultivation that were covered include both paid out costs 
and imputed costs. Paid out costs included hired labor (human, animal, and machinery); 
expenses on material inputs such as seed, fertilizer, manure, pesticides, and irrigation; and 
rent paid for leased-in land. Since some of the inputs used in the production process came 
from family sources, the value of these inputs was imputed. The method of imputing these 
costs was on the basis of the prevailing market rates for labor and materials and post-
harvest prices of the main product and by-product. However, in calculating the net returns 
to crop cultivation, only cost concept A1 was considered, i.e., the value of paid out costs 
such as hired labor and expenses on materials while the imputed cost of family labor was 
not included.  All the costs and returns were based on the actual area reported by the 
farmers.  Yields were also calculated based on the measured area that was found to be less 
in most cases compared to the actual area reported by the farmers.  For the purpose of this 
analysis actual area reported by farmers was considered.  
 
Cost of cultivation 

In 2008, total cost of cultivating sweet sorghum was Rs. 15,804 ha-1. Land preparation and 
composting with 26% was the highest cost component followed by harvesting and threshing 
activity with 22%. Among resources utilized for cultivation of sweet sorghum, human labor 
with 56% was the highest followed by bullock labor with 19%. However, the cost of 
cultivation both for 2009 and 2010 declined by 27% and 21% respectively, relative to 2008 
mainly due to non-application of farmyard manure (FYM) by many farmers. The FYM 
application during 2009 declined by 55% in comparison to 2008 since application of FYM is 
done in alternate years. The cost of cultivating sweet sorghum was Rs. 11,502 ha-1 during 
2009 and Rs. 12,414 ha-1for 2010. The activity-wise break up of cost for 2009, 2010 and 2011 
presents findings similar to that observed during 2008 (Table 6). The inputs utilization for 
cultivation of sweet sorghum for all the three agricultural years is presented in Table 7. 
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Table 6. Activity-wise costs break up (% share) for sweet sorghum cultivation, Ibrahimbad 

Variables 2008 2009 2010 2011 

Land preparation + Compost 26.5 16.6 19.3 19.0 
Ploughing / Sowing 12.6 21.3 16.5 18.8 
Fertilizer 14.8 17.7 22.5 18.5 
Interculture, weeding & thinning 17.6 20.6 22.9 24.2 
Watching & irrigation 6.2 1.0 1.3 3.6 
Harvesting & Threshing 22.3 22.8 17.5 15.9 

Total 100.0 100.0 100.0 100.0 

 
 
Table 7. Input utilization of sweet sorghum, Ibrahimbad  

  Year 
   2008 2009 2010 
Inputs utilized (ha-1 )     

Labor (days) Male Hired 15 10 9 
  Male Family 54 8 6 
  Female Hired 66 38 30 
  Female Family 28 15 13 

Bullock pair (days) Hired 3 8 4 
  Own 9 3 4 
Tractor (hr) Hired 7 2 7 
  Own 0 0 0 
FYM (kg) Own 1800 800 600 
  Buy 100 200 300 
Seed (kg) Own 0 0 0 
  Buy 7 5 6 

Total fertilizer(kg)   275 257 280 
 
Irrigation/Machinery(hr)   1 0   
 
Thresher (Days) (hired & 
family)   0 0 3 

 
Returns to cultivation 

The net returns realized in cultivation of sweet sorghum, excluding family labor, were Rs. 
6,490 ha-1 during 2008. Net returns excluding family labor obtained from sweet sorghum 
was negative by Rs. 441 ha-1 during 2009 due to dry spell after one month of sowing. 
Additionally, ear heads were also not harvested for additional income from grains resulting 
in negative returns. Net returns further declined to Rs. 1,833 ha-1during 2010 due to heavy 
rains before harvest leading to loss in both stalk and grain (Table 8). However, in 2011 
farmers obtained positive net returns of around Rs. 1,517 ha-1 due to better climatic 
conditions.    
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Table 8. Gross and net returns to cultivation of sweet sorghum, Ibrahimbad 

Indicators 
 Year 
2011 2010 2009 2008 

Stalk quantity (t ha-1) 9.5 6.7 14 18 

Stalk price (Rs t-1) 900 800 700 600 

Grain (kg ha-1) 320 301 119 954 

Grain price (Rs kg-1) 8 8 7 8 

Gross income (Rs ha-1) 11,110 7,664 10,530 18,255 
Total costs excluding family labor 
(Rs ha-1) 

11,957 
9,496 10,971 11,765 

Net returns, excluding only family 
labor  (Rs ha-1) 

 
1,517 (1,833) (441) 6,490 

 

5.1.7 Competitiveness of sweet sorghum for cultivation - Decentralized Operations 

Net returns excluding family labor obtained from sweet sorghum was the highest among 
rain-fed competing crops in Ibrahimbad during 2008. Returns realized from sorghum + red 
gram intercrop was the next highest with Rs. 4,309 ha-1 followed by maize + red gram with 
Rs. 3,567 ha-1 and Rs.3,466 ha-1 for maize. However, during 2009 and 2010 net returns 
obtained were negative for sweet sorghum and its competing crops due to adverse climatic 
conditions during sowing and harvesting stages in Ibrahimbad.  The net returns for 
competing crops was more negative for sorghum + pigeonpea intercrop at Rs. -5403 ha-1 
compared to sweet sorghum at Rs. -1833 ha-1 during 2010.  

 
Table 9. Benefit-cost ratio of sweet sorghum and competing crops, Ibrahimbad 

Crop  
  
2008 2009 2010 2011 

Sweet Sorghum 1.55 0.96 0.81 1.15 
Maize-Pigeonpea  1.30 NA 0.97 1.20 
Sorghum-Pigeonpea 1.37 0.97 0.59 1.71 

 

The benefit-cost presented in Table 9 indicates sweet sorghum had the highest BCR of 1.55 
during 2008. However, though BCR was less than 1 during 2009 and 2010 due to adverse 
climatic conditions, sweet sorghum had better ability to withstand adverse climatic 
conditions since the loss incurred by sweet sorghum was only -0.19 compared to sorghum-
pigeonpea intercrop at -0.41 while maize was marginally better by -0.03. 

Economic assessment  
Economics of processing sweet sorghum to ethanol was analyzed based on the discussions 
with Rusni distilleries on recovery of ethanol per ton of stalk and the costs incurred in 
processing. The economics of ethanol production without accounting for capital costs is 
presented in Table 10. Based on an average recovery rate of alcohol at 4.5 % per ton of 
stalk, feedstock priced at Rs 600 t-1 and ethanol priced at Rs 27 l-1, the benefit cost ratio 
worked out to 1.22.  
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Table 10. Costs and returns of sweet sorghum production, Medak, Andhra Pradesh, 2007, 
centralized unit 

 
Sweet Sorghum (production) 

Average stalk yield (t ha-1) 14.7 
Variable costs of production excluding  
family labor (Rs ha-1) 

7,716 

Gross Returns (Rs ha-1) 10,718 
Net Returns excluding family labor (Rs ha-1) 2,999 

Sweet Sorghum (Ethanol production) 

Cost of the raw material (Rs t-1) 600 
Cost of processing (Rs t-1) 384 
Recovery of ethanol (l t-1) 45 
Cost of ethanol (Rs l-1) 22 
Price of ethanol received (Rs l-1) 27* 
Benefit cost ratio 1.22 

*The price of ethanol was Rs 21.5 when centralized unit was established and increased to Rs 27 l
-1

 during 2010. 

 
However, since the results presented in Table 10 did not account for capital cost of 
establishment of the distillery, economic viability assessment was carried out taking into 
consideration the various economic and financial cost in establishment of the distillery. The 
economic viability assessment of ethanol production from sweet sorghum was carried out 
through standard measures of discounting techniques, such as Net Present Value (NPV), 
Internal Rate of Return (IRR) and Benefit Cost Ratio (BCR), to examine whether ethanol 
production is profitable along the different segments of the supply chain of sweet sorghum 
under the centralized unit. The data on various parameters used for economic viability 
assessment of ethanol production from sweet sorghum were collected from the distillery. 
For certain of the parameters where the data was not available assumptions were made 
based on expert’s opinion and secondary literature review for financial analysis. The 
capacity of the plant was 40 kilo liters per day (KLPD) and operated for 180 days. The 
reference year chosen was 2010 and the economic life of the project is 20 years. All 
economic costs and benefits (including by-products) were valued at 2010 prices. The 
prevailing administered price of Rs. 27 l-1 of ethanol announced by the Government of India 
and recovery rate of 4.5% per ton of sweet sorghum1 was considered for financial and 
economic viability assessment. The landed cost of feedstock during 2010 was Rs. 1200 t-1 of 
stalk. Due to data limitations, environmental benefits accrued by the project were not 
accounted in the cash flows stream. 
 
The indicators of economic viability (Table 11) showed negative NPV of the project at a 
discount rate of 10% (bank rate) and benefit cost ratio of 0.89 with feed stock price at Rs 
1200 t-1 and ethanol price of Rs 27 l-1. The cost of ethanol is highly sensitive to selling price 
of ethanol, feedstock price and recovery rate. It would thus be difficult for the industry to 
take off under the current scenario of ethanol price, feedstock price and recovery rate.  
 

                                                 
1
 A range was provided by the distillery on the recovery of ethanol which varies between 4 to 4.8 %. For 

economic feasibility assessment an average recovery of 4.5% is considered for analysis. 
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Table 11. Indicators of economic viability assessment for ethanol production from sweet 
sorghum 

Indicators Feed stock price (Rs 
t-1) 

Recovery 
rate (%) 

Ethanol price 
(Rs l-1) 

1200 4.5  27 

NPV (million rupees) (344) 
BCR 0.89 

 
Sensitivity analysis was performed to derive the values of the key parameters where the 
project NPV becomes zero. The key parameters identified include recovery rate, feedstock 
price and ethanol price.   
 
Two scenarios were developed, one based on increase in feedstock prices and the other on 
anticipated increase in price of ethanol as gasoline prices are also increasing. In the first 
scenario, at an optimistic recovery rate of 4.9% and feedstock price fixed at Rs.1200 t-1 of 
stalk, the price of ethanol should be Rs. 29 l-1of ethanol where the project NPV becomes 
positive. With the rise in cost of cultivation of sweet sorghum, if the stalk price increased to 
Rs. 1500 t-1 with the recovery rates at 4.9% the price of ethanol has to be increased to Rs. 36 
l-1. 
 
In the second scenario, since it is mandated to blend petrol with ethanol, it is anticipated 
that ethanol prices are expected to increase, with the increase in prices of petrol. If the 
ethanol price was to be raised to Rs. 37 l-1, even with a lower recovery of 3.7% the 
centralized distillery can break even. If the feedstock price was increased to Rs. 1500 t-1 of 
stock with the ethanol prices remaining unchanged, the expected ethanol recovery should 
be 4.6% to generate zero NPV (Table 12). Sensitivity analysis carried out had shown that 
even with a marginal improvement in recovery the NPV becomes positive.  
 
 Table 12. Scenario 2 – Sensitivity analysis with change in ethanol and feedstock prices 

 
 
Feedstock 
price (Rs 
t-1) 

Ethanol pricing (Rs l-1) 
27 32 37 

IRR Expected 
ethanol 
recovery 
(%) 

IRR Expected 
ethanol 
recovery 
(%) 

IRR Expected 
ethanol 
recovery 
(%) 

1200 8.10 5.3 13.7 4.3 9.60 3.7 
1500 12.83 6.7 13.7 5.5 8.91 4.6 

 
Economic Competitiveness 
The result of relative economics of ethanol production from different feedstocks in India 
favors ethanol conversion from molasses (Table 13). Sweet sorghum is the second best 
alternative for ethanol production. Though economics favors production of ethanol from 
molasses, there is the problem of sustainability due to short fall in molasses production and 
increase in prices due to sugar cycles, various competing uses (potable and chemical) of 
ethanol produced from molasses and inability of the oil marketing companies to procure the 
required amount of fuel ethanol at prevailing market prices. The direct conversion of 
sugarcane juice to ethanol is also not economical and additionally there exists concerns of 
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food security due to diversion of land for cultivation. Similar concerns (food security, 
increase in prices and economic viability) exist for conversion of grains for ethanol 
production. Given the scenario, sweet sorghum serves as an excellent alternative feedstock 
to augment ethanol production to meet the blending mandates as sweet sorghum does not; 
compromise on food and feed security, has short growing period and low water 
requirement, its familiarity and low cost of cultivation and low pollution levels from ethanol 
production.  
 
Table 13. Relative economics of ethanol production from different feedstocks in India 

Parameter 
Sweet 
sorghum  

Sugarcane 
molasses 

Sugarcane 
juice 

Grains (Pearl millet 
& broken rice) 

Cost of raw material (Rs t-1) 7001 3000-50002 12003 80003 

Cost of processing (Rs t-1) 384 1890 490 2800 

Total cost of ethanol 
production (Rs t-1) 

1084 4890-6890 1690 10800 

Output of ethanol (l) 45 270 70 400 

Value of ethanol (Rs t-1) 1215 7290 1890 10800 

Net Returns (Rs t-1) 131 2400-400 200 0 

Cost of feedstock (Rs l-1) 15.56 11.11-18.51 17.14 20.0 

Cost of ethanol (Rs l-1) 24.08 18.11-25.51 24.14 27 

Profit  from ethanol (Rs l-1) 2.91 8.88 to 1.48 2.85 0 
Note: The information on the parameters is collected from Rusni Distilleries for sweet sorghum, Nizam Deccan 
Sugars Pvt. Ltd. for molasses, and AGRO Bio-tech, Ajitgarh, Rajasthan for grains. 
The value of by-products is not considered in the analysis. 
1. Even when the feedstock is priced at Rs. 800, it becomes profitable to produce ethanol from sweet sorghum 
without accounting for capital costs. However, the cost of feedstock has varied between Rs 700 and 1200 t

-1
.  

2. Molasses prices have ranged between Rs. 3000 and 5000 t
-1

 during the last few years and hence the 
profitability of molasses ethanol production is highly sensitive to fluctuating molasses prices.  
3. The data on all the other feedstocks cost is for the year 2009. The prices of feedstock (sugarcane and grains) 
have increased in the recent years. 

 
Land requirement assessment  
To understand how the ethanol blending demand would translate into future requirement 
of sweet sorghum area and production, an analysis was performed to assess the land 
requirement for sweet sorghum cultivation by 2020 if it is commercially exploited as an 
alternate source of ethanol production. It is expected that a crop like sweet sorghum would 
only bridge the gap in ethanol requirement supply from the existing feedstock i.e., molasses. 
The land requirement assessment for cultivation of sweet sorghum and production was 
undertaken with certain assumptions. Land requirement for sweet sorghum cultivation is 
dependent on farm productivity and recovery rate of ethanol. On-farms trials have shown 
that farmers can harvest upto 40 t ha-1 of sweet sorghum and there is significant scope to 
improve productivity on farmers’ fields. Taking into consideration the research efforts to 
improve the productivity of sweet sorghum with higher recovery rates, the assessment is 
developed based on the existing scenario of 20 t ha-1 with 4.5% recovery and a case where 
productivity improves to 30 t ha-1 with 4.5% ethanol recovery. The estimates showed that to 
meet deficit at 10% blending by 2020 (3.47 billion liters), at 20 t ha-1 productivity and 4.5% 
recovery, the area required will be about 1.16 million hectare (mh) with the assumption that 
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30% of the deficit is met from sweet sorghum. However, with the improvement in 
productivity at 30 t ha-1, the requirement of land would be only 0.77 mh.  
 
5.1.8 Economics of processing sweet sorghum for syrup production under decentralized 
unit (DCU) 
The purpose of setting up decentralized crushing units (DCU) at the village level was to crush 
sweet sorghum stalks and extract the juice, which then is boiled to produce syrup. It aids 
supply chain management particularly by reducing the volume of feedstock that would 
otherwise have to be supplied to the centralized crushing unit and by increasing the period 
of feedstock availability (supply of syrup) to industry to make sweet sorghum ethanol a 
commercial reality. 
 
Cost of processing stalk to syrup  
The item-wise break up of cost for crushing operations carried out during 2008 to produce 
syrup under decentralized unit is presented in Figure 4. On an average, the cost incurred in 
processing a kg of syrup was Rs 25.65 (Figure 4). The cost per kg of syrup production 
declined from Rs 31.4 kg-1 in 2008 to Rs 22.5 kg-1 in 2011 which was a 28% decline relative to 
2008. Significant progress was also made in-terms of improving the efficiency of crushing 
parameters (Table 14). The juice yield per ton and stalk increased to 30% relative to 2008 
while the syrup yield per ton of stalk increased to 50%. 
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Figure 4. Item-wise break up of costs of processing sweet sorghum to syrup production 

 
Table 14. Year-wise indicators of crushing sweet sorghum to syrup, Ibrahimbad 

Year 
Juice t-1 of 
stalk 

Syrup 
kg t-1 

Cost of 
syrup kg-1 

2008 261 40 31.4 
2009 269 48 25.6 
2010 346 65 24.0 
2011 340 60 22.5 

 
Of the total cost of syrup production, procurement of sweet sorghum stalk as the raw 
material for extracting juice accounts for the highest share at 47-57% followed by share of 
processing cost and fuel cost (Table 15). 
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Table 15. Year-wise break up of sweet sorghum processing costs under DCU, Ibrahimbad 

Year 
Feedstock 
cost 

Processing 
cost 

Operating 
costs 

2008 47 43 10 
2009 57 33 10 
2010 52 32 16 
2011 54 26 20 

 
Returns from processing sweet sorghum  
The cost incurred and returns realized per hectare and per ton of stalk for production of 
syrup from sweet sorghum stalk obtained during 2009 are presented below (Table 16). The 
gross returns and total costs per hectare realized from sweet sorghum for syrup production 
worked out to Rs 9,670 and Rs 24,783, respectively, with a net deficit of Rs 15,113. 
 
Table 16. Costs and returns from sweet sorghum from syrup production (in Rupees) 

Indicator Per ton of stalk Per ha 

Syrup yield (kg) 48 967 
Total cost  1,232 24,783 
Gross returns ( Rs @ 10/kg) 480 9,670 
Net returns  (752) (15,113) 

 
5.1.9 Viability of DCU  
Currently, the DCU is managed by farmers themselves. Since the cultivation of sweet 
sorghum and the processing of sweet sorghum to syrup are new to the farmers, there are 
limitations for efficiency gains. The production cost of sweet sorghum syrup has gradually 
declined from Rs 32 kg-1during 2008 to 22.5 during 2011.  Reducing unit cost of processing 
further by improving labor efficiency, increasing the juice recovery and % Brix content will 
also significantly help in reducing the unit cost of syrup. Further, the by-product bagasse 
feed chain contributes revenue by sale of nearly 50% of surplus bagasse, and thus will also 
help in bringing down the operating cost of DCU. 
 
Currently, syrup for ethanol is priced at Rs 10 kg-1. The syrup pricing was based on ethanol 
recovery from syrup, processing costs of syrup to ethanol and the selling price of ethanol. 
The distillery requires about 3 kg of syrup to convert to a liter of ethanol. The ethanol prices 
for blending with gasoline are regulated by Government of India and the current (2012) 
administered price of ethanol is Rs. 27 l-1. Hence, the distillery can provide higher prices for 
syrup only if there is revision of ethanol price fixed by the government from existing level. In 
such a scenario the DCU should look for alternative markets for syrup, such as 
food/pharmaceutical/feed industry. 
 
5.1.10 Summary  
Cultivation of sweet sorghum under centralized operations has shown that it is profitable to 
cultivate sweet sorghum even with the existing yield levels of 14-15 t ha-1 which are 
considered to be low when compared to farm trials which range between 30-40 t ha-1. In 
comparison to grain sorghum, sweet sorghum is definitely profitable. Grain sorghum and 
sweet sorghum returns were compared outside the cluster villages since within the cluster 
not many farmers were growing sorghum. In comparison to competing crops like sole maize 
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and maize intercropped with pigeonpea under rainfed conditions, the net returns will be 
marginally better for sweet sorghum in a few years and for maize in another year.  However, 
since there is significant scope for yield potential to be realized under farm conditions and 
with the improvement in technology and improved agronomic practices (farmers are still 
not fully conversant with the practices for a relatively new crop of sweet sorghum), sweet 
sorghum becomes a viable option for cultivation under dryland conditions for smallholder 
farmers for assured incomes. 
 
The economic and financial viability analysis under the centralized unit has shown that 
viability of ethanol production from sweet sorghum depends on the ethanol and feedstock 
pricing, besides recovery rate of ethanol.  A marginal improvement in recovery to 4.9% from 
the current level of 4.5%, with feedstock price fixed at Rs.1200/t of stalk ethanol production 
becomes attractive at Rs.29 l-1. The current administered price of ethanol in India is Rs.27 l-1. 
With the rise in cost of cultivation of sweet sorghum, if the stalk price increases to Rs.1500 
t-1 with the recovery rate remaining the same at 4.5%, the price of ethanol has to be raised 
to Rs. 36 l-1. This analysis does not take into account the expected environmental benefits of 
producing ethanol from sweet sorghum due to unavailability of data. The economic viability 
assessment would become more attractive with the environmental benefits incorporated 
and can make a better case for justifying policy support. With further improvement in crop 
and processing technology for ethanol production the overall profitability of sweet sorghum 
cultivation and processing can be enhanced. 
 
The estimates on the demand side of ethanol blending show deficits from the current level 
of supply and the demand is going to outstrip the supply. With the inability to increase area 
under sugarcane and adverse impacts on food production and sustainability of molasses 
production for ethanol, the future supply of bioethanol has to be augmented through 
alternative feedstocks. Hence, it calls for the attention of policy makers to provide policy 
support to the industries in the form of “infant industry sops” in the initial years so that they 
sustain the losses incurred in the initial years. 
 
The results of the economic assessment of crushing sweet sorghum and value addition 
under the decentralized unit has shown that production of syrup can be made viable. A 
major challenge, therefore, is to bring down the cost of processing syrup in the 
decentralized unit by improving yield of sweet sorghum stalks, system efficiencies such as 
crushing and labor use, and mechanization of the whole process.  
 
5.2 Research achievements – ILRI  

5.2.1 Bagasse fodder quality and composition 

From DCUs the major co-product is bagasse with leaf residue – the fibrous matter that 
remains after sweet sorghum stalks are crushed to extract their juice. For each 10 t of sweet 
sorghum crushed, the DCU produced 5 to 6 t of wet bagasse, depending on the genotype, 
season of crushing, juice extraction efficiency, temperature, etc. The potential feed value of 
sweet sorghum bagasse-based livestock feed is described in Table 17 (Blümmel et al. 2009). 
Nitrogen content was greater in bagasse residue plus stripped leaves (BRSL) compared with 
whole stover because of the higher leaf content in the BRSL, but all other laboratory fodder 
quality traits were higher in stover than in BRSL. For example, mean in vitro digestibility 
values for BRSL were around 5 percentile units lower than those of whole stover (Table 17). 
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This reduction in fodder quality seems insignificant considering that highly digestible 
carbohydrates must have been removed in the extract, which amounted to 47 and 54 per 
cent of stem yields in hybrids and varieties, respectively. This loss of highly digestible 
carbohydrates was perhaps compensated for by physical changes in the bagasse, facilitating 
faster and higher microbial colonization and ultimately digestion of residual fibre particles. 

Table 17. Morphological and nutritional composition of bagasse residue and the stripped 
leaves  (BRSL) of 34 cultivars of sweet sorghum 

  

 
Bagasse   
(%) 

Leaf (%) N% NDF (%) ADF (%) ADL (%) 
IVOMD 
(%) 

ME 
(MJ/kg) 

Hybrids (H) 

Mean 73.7 26.3 0.73 64.5 41.4 4.9 44.6 6.5 

Range 56.1–83.9 
16.1–
43.9 

0.58–
1.04 

59.2–
71.0 

36.9–
47.5 

4.1–6.0 39.3–49.1 5.7–7.3 

P <0.0001 <0.0001 0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

LSD 8.6 8.6 0.22 3.4 2.4 0.44 2.6 0.43 

Varieties (V) 

Mean 72 28 0.83 64.6 39.8 4.9 46.6 6.8 

Range 60.5–81.9 
18.1–
39.5 

0.73–
0.92 

60.6–
70.9 

36.7–
45.0 

4.3–6.0 
42.0–
50.4 

6.1–7.5 

P 0.0005 0.0005 0.75 0.0001 0.0006 <0.0001 0.0002 0.0003 

LSD 8.6 8.6  3.8 0.63 0.55 4.04 3.37 

P (H vs 
V) 

0.55 0.55 0.0004 0.82 0.11 0.82 0.03 0.02 

NOTES: N = Nitrogen; NDF = neutral-detergent fibre; ADF = acid-detergent fibre; ADL = acid-detergent lignin; 
IVOMD = in vitro organic matter digestibility; ME = metabolizable energy; P = probability; LSD = least significant 
difference at P<0.005.  

SOURCE: Blümmel et al. (2009). 

 

5.2.2 Silage quality assessment 

The quality of silage was assessed further by feeding experiments with 4 adult Deccani rams, 
where the silage was supplemented with 150 g concentrate/animal/day. The trial lasted for 
21 days. Intake and nitrogen balance of chopped sweet sorghum BLR was similar to the 
silage prepared from whole BLR and the intake on a dry matter basis as a percentage of 
body weight was 2.5 per cent (Table 18) (Kumar et al., 2010). Similar intake of chopped and 
whole silage indicated that there was no special advantage in chopping the BLR before 
ensiling and whole BLR can directly be ensiled without wasting energy and labor in 
chopping. The digestibility of dry matter and organic matter in sheep fed on whole silage 
was significantly 9P<0.05) higher than those fed chopped silage probably due to long 
retention time of whole silage particles in the rumen. 
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Table 18. Performance of sheep fed sweet sorghum bagasse and leaf residue as whole 
and chopped silage 

Sweet sorghum 
bagasse and 
leaf residue 

DMI 

(g/d) 

DMI 

(% b. wt.) 

DM 
digestibility 
(%) 

OM 
digestibility 
(%) 

N balance 
(g/d) 

Chopped 415.4 2.5 59.3 a 60.2 a 5.7 

Whole 414.0 2.5 63.1 b 64.3 b 4.8 

NOTES: 
a, b

values followed by different letters in columns denote significant differences (P < 0.05).  

SOURCE: Kumar et al. (2010). 

 
There was no difference in feed quality indices between chopped and feedblock rations on 
one hand and between mash and pellet rations on the other hand (Table 19). The DMI and 
ADG were (P<0.05) higher in lambs fed SSBLR based mash and pellets compared to those 
fed chopped and block form SSBLR based rations. However, organic matter digestibility 
(OMD) was (P <0.05) lower in pellet and mash groups as compared to the block and 
chopped groups. Observed feed intakes relative to live weight were high, ranging from 42 
g/kg in the chopped group to 56 g/kg in the pellet group.  

 
Table 19. Effect of feeding SSBLR based complete diet in different physical forms on 
intake, digestibility, performance and cost economics in Deccani sheep  

 

Parameter SSBLR + 
CPH + Conc. 

Mash Pellets Block 

DMI (g/d) 960 b 1277 a 1348 a 984 b 
DMI g/kg/LW  41.5 b 52.5 a 55.6 a 42.1 b 
Digestibility Coefficients     
OM 0.61 a 0.59 b 0.58 b 0.62a 
NDF 
ADF  

0.41b 
0.31b 

0.41b 
0.30b 

0.39b 
0.29b 

0.49a 
0.38a 

Average daily gain (g/d) 81 b 133 a 130 a 90b 
FCR (kg/kg gain) 12.4 9.9 10.7 12.1 
Cost/kg gain (US $) 1.6 1.3 1.4 1.6 

NOTES:  LW = live weight; DMI = dry matter intake; OM = organic matter; NDF = neutral detergent fiber; ADF = 
Acid detergent fiber; FCR = feed conversion ratio. Different superscripts within row indicate significant 
differences (P<0.05).  
SOURCE: Anandan et al., (2012). 

 
The intake, digestibility value and ADG in sheep reported in Table 19 strongly support the 
assumption of SSBLR providing quality roughage. Intake of supplemented SSBLR ration was 
more than 40 g/kg of sheep body weight, which although generally considered high for non-
lactating animals (McDonald et al. 2008; Van Soest 1994) is not uncommon in growing small 
ruminants as reported by different researchers (38-42 g/kg, NRC 1985; 42-52 g/kg, 
Raghavendra et al. 2007; 49 g/kg, Tripathi et al. 2007; 41 g/kg, Madhavi et al. 2010; 40-50 
g/kg, Prasad et al. 2010). The intake of SSBLR alone was about 20g/kg of live weight which is 
very similar to what Blümmel and Belum (2006) observed for a range of sorghum stover fed 
to Deccani sheep ad libitum (mean 20 g/kg; range 18 to 28 g/kg). Along similar lines, ADG of 
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80 g/d in Deccani sheep on crop residue based rations can be considered respectable 
(Anandan et al. 2010). Interestingly no differences were observed in the intake, OM 
digestibility and ADG between sheep fed SSBLR and CPH supplemented with concentrate 
mix and those offered the feed block (Table 19). These findings are encouraging since they 
suggest that SSBLR from decentralized systems of bio-ethanol production can serve as a 
valuable feed source without the need for more advanced feed processing. 

 
Pelleting and mashing resulted in higher (P<0.05) ADG compared to sheep fed complete 
blocks or SSBLR and CPH supplemented with concentrate mix probably mostly as a result of 
higher pellet and mash intakes (Table 18). In fact the digestible organic matter intake per kg 
body weight in animals fed complete diets in pellet, mash and block form was 27, 22 and 3 
percent higher than the control diet. However, the differences in the ME of the diets in four 
groups (Table 19) and its contribution to the differences in ADG cannot be ignored. Ground 
SSBLR vis-a-vis the chopped SSBLR in control and block groups and treatment of mash to 
high temperature and pressure during extrusion in pellets group could have contributed to 
the higher ME. Whatever the reason, including different ME concentrations as co-variables 
in ADG predictions apart from intake, was not significant. 

 
Higher observed intakes could be due to two reasons. Higher intake in mash and pellet fed 
animals might have been supported by lesser retention time of the smaller feed particles of 
the mash and pellet. Lesser retention time would favor intake to some extent at the 
expense of reduced digestibility (Greenhalgh and Reid 1973; Van Soest 1994). In fact 
digestibility was lower (P<0.05) in the mash and pellet fed sheep. Heat increment is one of 
the factors that influences intake particularly in tropical conditions (Van Soest 1994). The 
experiment was conducted during summer in peninsular India and under these conditions a 
negative relationship can exist between temperature and intake observed, for example, in 
sorghum and pearl millet stover fed animals (Blümmel et al. 2001). Greater chewing and 
rumination requirement for chopped SSBLR and feed blocks would result in elevated heat 
production of sheep compared to the pellet and mash fed groups 

 
Organic matter intake in mash and pellets fed group was higher (P<0.05) than in the block 
and control group. Incorporating ground SSBLR in the mash and pellets probably resulted in 
collapsing of cell wall structure and increased density of the feed leading to reduced 
rumination time with concomitant increase in time available for feeding (McDonald et al. 
2008; Van Soest 1994) contributing to the higher (P<0.05) DMI in mash and pellet fed 
animals. The DMI in animals fed blocks and control group where concentrate, CPH and 
SSBLR were offered separately were comparable although it was expected that the blocks 
with higher feed density could have had a higher intake because of less temporal 
disassociation between concentrate and roughage intake in feed block consumption. 
 
The weight gain in mash and pellet fed groups were almost 1.6 times that of the control 
group.  Higher ADG in pellet fed groups agree with findings of Reddy and Reddy (1991) and 
Reddy and Reddy (2003), who reported that pelleting improved daily weight gain in lambs 
and kids compared to conventional rations. The observed cost of feeding per kg live weight 
is in overall agreement with the observation in intensive production systems that the cost of 
feed makes up about 0.55-0.75 of the total production costs (Hadjipanayiotou 1987). 
Considering the market price of sheep meat as 4.7 USD/kg and assuming 0.50 dressed meat 
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yield the feeding costs as percentage of meat costs works out to be 0.55, 0.60, 0.67 and 0.67 
in mash, pellet, block and control groups, respectively. The overall observed feed cost/kg 
live weight of 1.3 to 1.6 USD is similar to the reported values of USD 1.3 to 1.4 in lambs in 
Pakistan by Yasir et al. (2009) and USD 1.2 to 1.6 by Jabbar and Anjum (2008). 

 
5.3 Research Achievements – IICT 
 
5.3.1 Studies on juice quality obtained from both unstripped and stripped stalks of same 
genotype at different time and temperature intervals 
 
The juice quality of fresh sweet sorghum juice of two different cultivars, ICSV 93046 and CSH 
22SS collected from ICRISAT-Patancheru were determined at different conditions: storage 
temperatures of 4°C, 15°C and room temperature (28°C) for four time intervals, immediately 
after reaching IICT (0 h), 4, 8 and 24 h. The relative percentages of sugars, such as glucose, 
fructose and sucrose present in the stored sweet sorghum juice samples were estimated on 
a HPLC system. Fresh sweet sorghum juice samples of two different cultivars, ICSV 93046 
and CSH22 SS, stored at 4 and 15°C did not show any sugar losses, while marginal sugar 
losses were observed in juice samples stored at room temperature even after 24 h of 
storage for both un-stripped and stripped juice samples, in case of both cultivars, ICSV 
93046 and CSH22 SS (Table 20). It was recommended that temperature of 15-18°C would be 
ideal for storage of fresh sweet sorghum juice after crushing. 
 
Table 20. Juice quality of two different cultivars, ICSV 93046 and CSH22 SS, at different 
time and temperature intervals 

S. No. Cultivar Temp. 
(°C) 

Brix 
(%) 

pH Glucose 
(%) 

Fructose 
(%) 

Sucrose 
(%) 

  After 4 h 

1 ICSV 93046      
(Un-stripped) 

4 14 5.71 2.36 2.49 5.47 

15 14 5.72 2.39 2.52 5.52 

RT 13.8 5.70 2.37 2.49 5.47 

2 ICSV 93046 
(Stripped) 

4 13 5.62 2.57 2.69 5.76 

15 13 5.72 2.62 2.71 5.77 

RT 12.9 5.61 2.58 2.67 5.74 

3 CSH 22SS      
(Un-stripped) 

4 12 5.48 2.21 2.24 4.61 

15 12 5.63 2.24 2.26 4.62 

RT 11.8 5.46 2.23 2.27 4.59 

4 CSH 22SS 
(Stripped) 

4 11.5 5.37 2.34 2.36 4.82 

15 11.5 5.49 2.36 2.37 4.83 

RT 11.4 5.35 2.32 2.36 4.81 

  After 8 h 

5 ICSV 93046      
(Un-stripped) 

4 14 5.72 2.34 2.46 5.46 

15 14 5.73 2.38 2.51 5.52 
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S. No. Cultivar Temp. 
(°C) 

Brix 
(%) 

pH Glucose 
(%) 

Fructose 
(%) 

Sucrose 
(%) 

RT 13.6 5.70 2.27 2.38 5.39 

6 ICSV 93046 
(Stripped) 

4 13 5.64 2.54 2.67 5.74 

15 13 5.65 2.59 2.70 5.76 

RT 12.8 5.60 2.46 2.57 5.67 

7 CSH 22SS       
(Un-stripped) 

4 12 5.49 2.19 2.22 4.60 

15 12 5.50 2.23 2.24 4.61 

RT 11.7 5.46 2.17 2.19 4.47 

8 CSH 22SS 
(Stripped) 

4 11.5 5.37 2.32 2.33 4.81 

15 11.5 5.40 2.34 2.36 4.82 

RT 11.3 5.33 2.24 2.25 4.73 

  After 24 h 

9 ICSV 93046      
(Un-stripped) 

4 14 5.74 2.32 2.43 5.44 

15 14 5.74 2.38 2.51 5.47 

RT 13.5 5.7 2.19 2.24 5.27 

10 ICSV 93046 
(Stripped) 

4 13 5.65 2.52 2.64 5.72 

15 13 5.67 2.57 2.69 5.74 

RT 12.8 5.6 2.37 2.46 5.54 

11 CSH 22SS       
(Un-stripped) 

4 12 5.49 2.17 2.21 4.57 

15 12 5.52 2.21 2.23 4.58 

RT 11.7 5.41 2.06 2.08 4.31 

12 CSH 22SS 
(Stripped) 

4 11.5 5.38 2.31 2.31 4.79 

15 11.5 5.41 2.32 2.34 4.81 

RT 11.1 5.3 2.18 2.17 4.64 

 
5.3.2 Studies on syrup quality changes on storage at different Brix levels 
 
Fresh syrup samples of different Brix values (4 samples with 40, 50, 60 and 70% Brix and 3 
samples with 50, 60 and 65% Brix) were collected from the Ibrahimbad Decentralized Unit 
(DCU). During the storage studies, the parameters checked for these samples were total 
soluble sugars (%) and reducing sugars (%) by standard methods, like phenol sulphuric acid 
method (Dubois et al. 1956) and 3, 5-dinitrosalicylic acid  method (Miller 1959), respectively. 
Based on these results, it was observed that the syrup of different Brix values could be 
stored for one year; however, a slight deterioration was observed in total soluble sugars (%) 
and reducing sugars (%) values on storage of these samples. 
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5.3.3 Studies on the sugar profile of juice samples of different sweet sorghum varieties 
and hybrids at different phenological stages  
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Figure 5: Performance of sweet sorghum genotypes for (a) sucrose; (b) glucose; and (c) 
fructose content (%) in three phenological stages, i.e. dough stage, physiological maturity 
and post-physiological maturity 
 
 
Genotypic variability for biochemical traits and candidate sugar traits 
The 19 improved sweet sorghum hybrids (ICSA 84 × E 36-1, ICSA 38 × ICSV 700, ICSA 84 × 
SPV 1411, ICSA 675 × ICSV 700, ICSA 474 × SSV 74, ICSA 475 × NTJ 2, ICSA 702 × SSV 74, ICSA 
475 × SSV 74, CSH 22SS [Check]) and varieties (SP 4511-3, SPV  422, SP 4487-3, SS  2016, SP 
4495, SP  4511-2, ICSV 93046, Urja, JK Recova, SSV 84 [Check]) were evaluated during the 
post-rainy (rabi) season (October-February 2009-2010) for studying the dynamics of sugar 
yield and other parameters at three different phenological stages i.e., dough (i.e. about 15-
20 days after 50% flowering), physiological maturity (i.e. about 40-45 days after 50% 
flowering, when hilum turns black), and post-physiological maturity (i.e. about 55-60 days 
after 50% flowering). 
 
The analysis of variance (ANOVA) revealed that the mean sum of squares of stalk weight, 
juice yield, Brix %, sugar yield, sucrose, glucose and fructose contents, and pH were 
significantly (P ≤ 0.05) different at all the three different phenological stages, i.e. dough, 
physiological maturity and post-physiological maturity (Table 21) indicating quantitative and 
qualitative changes in sugar yield and allied traits vis-a-vis crop phenology. The genotypes 
evaluated also exhibited highly significant (P ≤ 0.01) differences for all the above traits 
except for fructose content. However, there is significant genotype × stage interaction for 
juice yield, Brix % and glucose content, at P ≤ 0.05 level, while highly significant genotype × 
stage interaction was observed for sugar yield, sucrose and fructose levels besides pH (P ≤ 
0.01).  
 
 

a 
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Table 21. Analysis of variance (ANOVA) for metric traits and biochemical parameters at 
three phenological stages 

Source DF
1 

MS2 for 
stalk 
 yield (t 
ha-1) 

MS for 
juice 
yield (t 
ha-1) 

MS for 
Brix% 

MS for 
sugar 
yield 
(t ha-1) 

MS for 
sucrose 
(%) 

MS 
for 
glucos
e (%) 

MS for 
fructos
e (%) 

MS 
for 
pH 

Stage 2 
1367.88
** 

546.45
** 

108.28
** 

13.24*
* 

159.79
** 

8.99*
* 2.49** 

0.95*
* 

Replicati
on 6 49.23 17.51* 1.12 0.15 0.87 0.28 0.12 

0.29*
* 

Genotyp
e 18 

106.51*
* 

25.22*
* 

25.14*
* 1.08** 5.46** 

0.52*
* 0.19 

0.55*
* 

Genotyp
e  × Stage 36 25.24 6.38* 3.97* 0.39** 4.27** 0.33* 0.28** 

0.14*
* 

LSD  8.53 3.34 2.59 0.36 0.52 0.15 0.13 0.09 
1
DF: Degrees of freedom; 

2
MS: Mean squares 

 
The least significant difference (LSD) for studied parameters were 2.09 t ha-1 (stalk yield), 1.3 
t ha-1 (juice yield), 0.16 t ha-1 (sugar yield), sucrose, 0.9 (Brix%), 0.52 (sucrose), 0.15 
(glucose), 0.13 (fructose) and 0.09 (pH). This data suggests that there is a high degree of 
variability among the genotypes for sugar yield and its components and offers an 
opportunity to harness high sugar yield owing to genotypic differences, stage-wise 
differences and also from the significant interaction of genotype with phenological stage for 
sucrose content. This is the first study reporting data at post-physiological maturity stage. 

 
5.3.4 Storage shelf life studies on sweet sorghum juice using different pasteurization 
treatments 
 
Sweet sorghum juice samples were subjected to different pasteurization treatments like 
70°C for 15 min, 80°C for 10 min and 90°C for 5 min, and further these pasteurized samples 
were stored at different temperatures like 35, 40 and 45°C. Controls were run in parallel 
without any pasteurization treatment of the juice sample. Experiments were carried out in 
duplicates and the analysis for different sugars (glucose, fructose and sucrose) was 
performed at 48 h periodic intervals for 18 days. Based on the results it was observed that 
the percentages of individual sugars like glucose, fructose and sucrose as a function of time 
did not reveal much variations in the sugar levels on storage for 10 days (Figure 6). 
Pasteurization at 80°C for 10 min and storage of juice at a temperature of 35°C was 
recommended as a good treatment method for enhancing the storage shelf life of the juice. 
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Figure 6. Effect of pasteurization (a) 700C for 15 min, (b) 800C for 10 min, and (c) 900C for 5 
min, as a function of time on the storage shelf life of sweet sorghum juice 
 
5.3.5 Storage stability studies of sweet sorghum juice using different chemical 
preservatives  
 
Storage studies were carried out on sweet sorghum juice samples spiked with different 
chemical preservatives, such as benzoic acid, sodium benzoate, sorbic acid, citric acid, 
sodium citrate and ascorbic acid. These chemical preservatives were initially spiked at a 
concentration of 1000 ppm to 100 ml of juice sample. Controls were run in parallel without 
any addition of preservatives to the juice sample. Experiments were carried out in triplicates 
and the analysis for different sugars (glucose, fructose and sucrose) and ethanol yield was 
carried out at 24 h intervals for 4 days. The results on the analysis of the amount of total 
soluble sugars and the percentages of the individual sugars like glucose, fructose and 
sucrose as a function of time decreased significantly in the juice samples spiked with citric 
acid, sodium citrate, ascorbic acid and benzoic acid, as compared to the juice samples spiked 
with sodium benzoate and sorbic acid. It was also observed that the amount of reducing 
sugars increased, while the amount of non-reducing sugars decreased with increase in the 
storage time. The fructose and glucose content increased from 1.69% to 3.42% and 3.07% to 
5.41%, respectively, while sucrose content decreased from 8.27% to 0.87% in sodium 
benzoate-spiked samples as depicted in. The sorbic acid-spiked samples showed an increase 
in fructose and glucose content from 1.47% to 3.3% and 2.7% to 5.84%, respectively, 
whereas sucrose content decreased from 7.18 to 1.02% as evident from. The total soluble 
sugar content decreased from 13.03% to 9.7% and 11.35% to 10.16% for sodium benzoate 
and sorbic acid-spiked samples, respectively. Based on these results, sodium benzoate and 
sorbic acid were identified as the most suitable preservatives to enhance the storage shelf 
life of sweet sorghum juice for 72 hours. 
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5.3.6 Assessing the fermentation efficiency of different isolated yeast strains to ferment 
fresh and stabilized sweet sorghum juice with chemical preservatives 
 
Epiphytic yeasts were isolated from the surfaces of different rotten fruits like apples, grapes, 
mango, etc., sourced from the local market, and from toddy juice and sweet sorghum juice. 
The yeast isolates were maintained on yeast-malt (YM) agar medium (pH 7.2) plates. The 
isolated yeasts were also maintained as stocks in 70% glycerol for further use. Screening of 
these yeast isolates was carried out to determine the fermentation efficiency and ethanol 
yields. Further, the shortlisted isolates were subjected to secondary screening in shake-
flasks through submerged fermentation in pre-sterilized basal medium (glucose/sucrose 50 
g/l, yeast extract 5 g/l, peptone 5 g/l, K2HPO4 1 g/l and MgSO4.7H2O 1 g/l. The fermented 
samples were collected periodically at 24 h intervals and the samples of 48 and 72 h were 
only analyzed for ethanol production by gas chromatography. Ethanol concentrations were 
analyzed on Zebron ZB-624 column (Phenomenex Inc., USA) using high pressure gas 
chromatograph (Model GC2014, Shimadzu, Japan) equipped with a flame ionization 
detector. Operation conditions are oven temperature 600C; injecting temperature 2500C 
using nitrogen as carrier gas and hydrogen as a flaming gas both at a flow rate of 41 ml min-1 

with a column flow rate of 1.9 ml min-1; flame ionization detector 2800C; helium gas was 
used for cooling of the column. Head pressure was 11.5 kPa with a 25:1 split ratio; sample 
volume was 1 µl. Ethanol (GR grade) was used as an internal standard. The different kinetic 
parameters such as Yp/s, Qp and Ey were also determined for each fermentation study. The 
ethanol yield (Yp/s, g g-1) was calculated as the actual ethanol produced and expressed as g 
ethanol per g total sugar utilized. The ethanol productivity (Qp, g L-1 h-1) and the percentage 
of conversion efficiency or yield efficiency (Ey) were calculated by the following equations: 
 
QP = P/t 
EY = (YP/S × 100)/0.51 
 
and where, P is the actual ethanol concentration produced (g L-1), t is the fermentation time 
(h) and 0.51 is the maximum theoretical ethanol yield of glucose consumption. All 
experiments were replicated twice and averaged.  
 
Based on this secondary screening, 15 yeast strains were short-listed as good isolates based 
on the ethanol yield and fermentation efficiency. The results suggested that two strains 
(ICTY 417 and ICTY 685) exhibited maximum fermentation efficiency of 93% and 88% with 
ethanol yield of 0.47 and 0.45 g g-1, respectively, after a fermentation period of 48 h in basal 
medium. The yeast strain, ICTY 417, was further used to ferment sweet sorghum juice of 
two cultivars (CSH 22SS and ICSV 93046). These studies suggested that undiluted juice (15% 

Brix) supplemented with mineral salts showed better ethanol yields after a fermentation 
period of 48 h as compared to the undiluted juice without mineral salts supplementation, 
diluted juice (1:1) supplemented with mineral salts and diluted juice (1:1) without mineral 
salts supplementation.  
 
Since sodium benzoate and sorbic acid exhibited more stability as compared to the other 
tested preservatives, further studies were carried out to evaluate their effect on the 
fermentation process. The fermentation efficiency of the yeast strain, ICTY 414 was further 
evaluated in the presence of two preservatives (sodium benzoate and sorbic acid) on the 
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storage of sweet sorghum juice. The storage studies indicated that there was not much 
difference in the efficiency and yield of the fermentation till 96 h as compared to the 
samples without the addition of preservatives. The ethanol yield remained in the range of 
0.425-0.475 g g-1 in sodium benzoate-spiked samples, which showed an optimal efficiency of 
93%, while in the case of sorbic acid-spiked samples the ethanol yield was in the range of 
0.405-0.445 g g-1 which corresponded to an optimal efficiency of 92%. In case of control 
(without preservatives), the ethanol yield was 0.36 g g-1 which declined to 0.26 g g-1 after 96 
h of storage and the optimal efficiency reduced to 57%. The initial sugar levels determined 
in fresh juice was 150 mg ml-1 and the leftover sugars in the juice after fermentation ranged 
between 28-33 mg ml-1. Overall the sodium benzoate-spiked samples showed comparatively 
better results than sorbic acid-spiked samples. Therefore, it is recommended that the 
addition of sodium benzoate as a chemical preservative is necessary to prevent spoilage by 
microbial contamination and thus extend the shelf life of the sweet sorghum juice under 
ambient conditions.  
 
5.3.7 Syrup storage stability studies at DCU 
 
The chemical analysis of CSH 22SS syrup samples of different Kharif seasons for the years 
2008, 2009, 2010 and 2011 were analyzed using different analytical methods and the results 
to this regard are shown in Table 22. The chromatogram of syrup of 2008K is shown in 
Figure 7. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 7. Chromatogram of syrup of 2008K (1 year stored) 
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Table 22. Chemical analysis of syrup samples of Kharif crop seasons for the years 2008, 
2009, 2010 and 2011 
 

S.No. Parameters Analysis 
Method 

 2008K  2009K 
(Fresh) 

2010K 
(Fresh) 

2011K 

(Fresh) 
(Fresh) (1 year 

stored) 
(2 years 
stored) 

1 Brix Brixmeter 85 80.2 80 10 67 75 
2 Calorific value CAa 3730 2830 2940 2360 2772 ND 

3 TSS (% wt) UVb 75.3 73.2 94.98 42.8 95.12 78.98 

4 Total reducing 
sugars (% wt) 

UV 31.3 29.7 32.0 20.4 32.4 ND 

5 Ash (% wt) CA 3.6 3.6 3.05 0.12 2.64 2.84 

6 Riboflavin HPLCc 5791 2642 11 1243 10 84 

7 Vitamin C (% wt) ICd / HPLC 23 0.7 85 34 33 354 ppm 

8 Nicotinic acid HPLC 4 4 9 2 2 16 

9 Benzoic acid (ppm) HPLC 38 7 25 2 6 27 

10 Iron (ppm) AASe 76.4 69.6 65.2 45.9 75.1 224.1 

11 Calcium (ppm) AAS 2455 2100 1909 400 770 759 

12 Sodium (ppm) AAS 1945 8400 1515 1300 662 442.9 

13 Potassium (ppm) AAS 11603 17500 9763.5 9300 9870.5 8100 

14 Phosphorus (% wt) CA 0.1 0.005 NDg 0.024 ND ND 

15 Sulphur (% wt) CA 0.0 0.89 ND 0.68 ND ND 

16 Glucose (% wt) HPLC 16.2 20.62 17.07 18.89 17.50 19.8 

17 Fructose (% wt) HPLC 5.6 17.79 14.93 14.87 14.92 15.3 

18 Sucrose (% wt) HPLC 45.0 20.63 23.62 10.25 16.28 23.4 

19 Maltose (% wt) HPLC Nil Nil Nil Nil Nil Nil 

20 Other sugars (% wt)f HPLC Nil Nil Nil Nil Nil Nil 

20 Free acids (% wt) Volumetric 0.5 0.52 ND 0.56 ND ND 

21 pH pH meter 5.6 5.49 5.1 5.47 5.0 5.22 
a
CA – Chemical analysis 

b
UV – UV Spectroscopy 

c
HPLC – High Performance Liquid Chromatography 

d
IC – Ion Chromatography 

e
AAS – Atomic absorption spectroscopy 

f
Sugars analyzed: Xylose, Ribose, Galactose, Mannose, Arabinose 

g
ND – Not determined 
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5.4 Research Achievements – CRIDA 
 
5.4.1 Mechanization in sweet sorghum cultivation 
 
Initially, to propagate the concept of mechanization in the backward and tribal areas of 
Medak district, a field demonstration-cum-training was arranged in farmer’s fields at 
Ibrahimbad Thanda village to demonstrate working condition of the planter and to create 
awareness among the farmers in the cluster area. During field testing, the performance of 4-
row bullock drawn and 6-row tractor-drawn planters was found to be satisfactory. The 
farmers could not use the 9-row tractor-drawn planter since their land holdings are very 
small. Some of the modifications regarding seed metering mechanism were done to planters 
to achieve 20 cm plant-to-plant spacing. Though the row-to-row distance of 60 cm is 
recommended for sweet sorghum, the farmers could not adopt it because of preconceived 
notions of yield reduction with less plant population. Hence a demonstration was conducted 
with 45 cm row-to-row spacing only.  As part of the training program, farmers were also 
trained in repair and maintenance of sowing machines which helped them to understand 
the basic principles of the machinery. Poor response for bullock-drawn planters was 
recorded as it covers slighter area in the limited sowing time available. The field evaluation 
of CRIDA 6-row planter is given in Table 23.  The crop grown with CRIDA planter (Fig. 8) and 
with conventional method (Fig. 9) is shown below for visual comparison.  
 
It is observed that mechanized sowing operation helped in saving time, by 65%, under 
limited sowing window period. Though the bullock-drawn planters were introduced, it was 
very difficult to popularize it among the farming community. This intervention resulted in 
15% saving in seed cost and 30%  labor cost, apart from yield increase by 15% which can be 
attributed to better usage of available moisture content and placement of seed and 
fertilizer at proper depth and spacing (Mayande et al. 2004). 
 

Table 23.  Performance of CRIDA planter for sweet sorghum  

Method of sowing Average plant-to-
plant spacing (cm) 

Average row-to-
row spacing (cm) 

Biomass 
yield (t/ha) 

Farmer’s practice 
(country plough) 10 40 20 

CRIDA 6-row planter 20 45 23 
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                   Figure 8.  Mechanized sowing  Figure 9. Farmers’ practice 

 

Effect of mechanized sowing on crop growth 

As expected mechanized sowing improved crop growth in terms of plant height and stem 
girth, which normally influence juice recovery.  The observations on height and thickness of 
stalk for three consecutive years are recorded to know the performance of seed drills on 
crop physical properties, and results are given in Table 24.  

The stem diameter and height of mechanized sowing are more than the farmer’s practice 
which may be attributed to the proper placement of fertilizer and seed with the planter 
when compared with the farmer’s practice. Well-spaced row sowing improved yields 
considerably apart from making the stem more suitable for crushing. 

Table 24. Effect of sowing methods on crop physical properties 

Methods Plant height at harvest (cm)  

(in 100 m x 100 m plot) 

Stem diameter at harvest 
stage (mm) 

Farmer’s practice 294 17.4 

Mechanized sowing 315 21.2 

 

5.4.2 Mechanization of harvesting operations 

It was observed that the harvesting operation contributes 30% of the cultivation cost of 
sweet sorghum apart from the high drudgery involved in harvesting operations.  Women 
who are greatly involved in this operation particularly suffer a lot under the scorching sun.  
Since there were no small to medium scale harvesters available in the market, experiments 
were conducted with the modified self-propelled reapers which were normally used for 
paddy and other fodder crops.  

i)  Modification of tractor front-mounted reaper as sweet sorghum harvester: 

A tractor front-mounted reaper which can be attached to the tractor is modified to suit the 
harvesting operation of sweet sorghum crop (Fig. 10). The said reaper was a multi-crop 
harvester and is suitable for harvesting soybean, paddy, wheat and other crops.  It consists 
of a cutting bar and guiding wheels to convey the crop near to the cutting blade. The cut 
crop stalks were conveyed to a side to form a window with the belt of the reaper.  
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Since the sweet sorghum crop height was more than 240 cm, the reaper was not found 
suitable for harvesting. As the stalk thickness was more than that the normal sorghum, the 
present cutting blades were not enough to cut them.  Modifications were carried out by 
increasing the height of the reaper to support the sweet sorghum stalk and conveying the 
same to the top of the harvester. One more set of guiding wheels were fixed to the 
conveyer as shown in Figure 11 to pick up the stem 
and bring it near to the vibratory cutting blade.  

 Figure 10. Field testing of modified harvester 

Field testing of the modified tractor drawn front -
mounted reaper revealed that it required some more 
modifications to cut and carry the stalks properly.  
Hence it was decided to work with a small-scale 
harvester for effective cutting and conveying of the 
sweet sorghum stalks.  

ii) Modification of self-propelled harvesters: Three 
models of advanced and commercially available self propelled reapers (harvesters) were 
modified to harvest the sweet sorghum crop. The height of the front frame was increased 
up to 120 cm and an additional chain for conveying the stalks was arranged (Fig. 11).  
 
The models which are modified and tested are:  
 6.5 h.p. petrol engine driven P.D.K.V,  Akola 

model; 
 5 h.p. diesel engine driven Kisankraft reaper; 
 5.h.p. diesel engine driven Greaves reaper.          
Field test revealed that these reapers were not 
suitable for harvesting the sweet sorghum crop 
which grows taller than 2.4 m height. As the stem 
girth was also more than that of conventional 
sorghum, it was found hard to cut the stem with the 
scissor type cutting mechanism. 

Results from Mechanized harvesting experiments           Figure 11. Field testing of Modified reaper 
All the three models of harvesters were evaluated in field trials and the physical and 
experimental observations are given below. 
 Success rate of self-propelled harvester in the sweet sorghum crop  was found to be 

only 70%; 
 It was difficult to operate it in loamy and sandy soils as the traction power is very 

poor;  
 Perfect stem cutting was not achieved in the trials of conventionally sown fields as 

numbers of plants per hill are observed to be more than one in many places; 
  Precision machine control provisions are not available in the three models as it was 

difficult for operating in loamy soils. 
 Some promising results were achieved with the newly designed self-propelled 

harvester; however, some more modifications are needed to commercialize the 
same for sweet sorghum harvesting operation. 

Figure 10. Tractor mounted 

harvester 
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iii) Development of single row self propelled harvester:  After observing the partial success 
of commercially available reapers, it was planned to develop a self propelled reaper for 
harvesting the taller sweet sorghum crop whose height is normally ranged from 12-14 feet. 
                                                   
5.4.3 Improvements in crushers to increase the juice recovery  

i) Trials with existing crusher: As one of the main objectives of the project was to increase 
the juice recovery from the stem, studies were conducted on the existing crushers and also 
on modified crushers which were selected based on the power availability at the location. 
Two models of modified crushers for extracting juice from sweet sorghum stems were used 
in the cluster area and the performance was evaluated in comparison to the existing 
crusher. Three samples weighing 100 kg were fed to the crushers and the weight of the juice 
recovered was recorded.  

The specifications of the tested crushers are: 

a) Crusher 1: 20 hp 2-roller crusher; 
b) Crusher 2: 10 hp 4-roller crusher; 
c) Crusher 3: 10 hp 3-roller crusher. 

 All the 3 crushers were installed at the decentralized unit and the performance was 
evaluated during the season (Table 25). 

 
Table 25. Performance of crushers 

Type of crusher Juice recovery (%) 

Conventional sown Mechanized sown 

10 hp 4-roller 21.40 23.26 

10 hp 3-roller 28.00 31.40 

20 hp 2-roller 
(conventional) 

26.20 28.40 

 
The 3-roller crusher with 10 h.p. power gave juice recovery of 31.40% which is 3% more 
than the conventional crusher of 3-roller with 20 h.p. power. This can be attributed to the 
arrangement of well-designed flutes on the rollers in a zig-zag way, which were suitable to 
the sweet sorghum fiber configuration for greater compression. It also helped in reducing 
energy requirement of the crushers by 30%, when compared to the conventional method. 
As the existing crusher did not give the expected juice recovery, the plan was to work with 
the changes in the existing designs and specifications. 
 
ii) Development of 3-pass 6-roller crusher for increased juice recovery and energy       
reduction 
A 3-pass 6-roller (Fig. 12) crusher was designed, fabricated and tested, extracting more juice 
with less energy consumption. This was operated by a 10 h.p. electrical motor. During the 
crushing, the stems pass through different rollers with differently configured flutes for 
effective shear and compression.  Trials showed that there was a possibility of increasing the 
juice recovery with less power consumption when compared to the conventional method.  
The juice recovery increased by 6% in this crusher when compared to the existing crushers.  
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Figure 12. Three-pass 6-roller crusher and its testing. 

 
Salient achievements: 

 A multi crop planter was modified to suit the sweet sorghum sowing to meet the 
recommended spacing of the crop i.e. row to row:  45 cm, and plant-to-plant: 15-20 cm 
accordingly; 

 Mechanized sowing was done in the cluster covering 300 farmers in the last 4 years 
which considerably increased the yields – by 15% with 80-90% germination; 

 Manual and power weeders were introduced in the cluster for effective weeding; 

 Capacity building of farmers on the mechanization was done through the field 
demonstrations and on-farm trainings; 

 An individually owned custom hiring centre was developed at Ibrahimbad by improving 
the skills of a tractor driver on mechanization and land preparation activities; 

 Three different types of harvesters were tested at the cluster to find out their efficacy at 
the field level to harvest the sweet sorghum; 

 A self-propelled harvester was designed and developed to harvest the sweet sorghum 
crop; 

 A 6-row 3-pass crusher was developed which increased the crushing efficiency by 8% 
more than the conventional one. 
 

5.4.4 Design and development of a single row self-propelled harvester 
 
As the sweet sorghum was taller (around 12-14 feet)  than the normal sorghum with girth 
ranging from 16-30mm, it was found very difficult to use the commercial self-propelled 
reapers which are available in the market.  Apart from problems in cutting the stem, 
conveying it to the side was found to be very difficult because of its size and weight. Three 
different models of commercial harvesters were tested to find out their efficacy at field level 
and was found to not be much effective for sweet sorghum. Hence a new machine was 
conceptualized and developed at the CRIDA workshop. It was mainly powered by 6.5 h.p. 
petrol engine which reduced the normal vibrations. A three tier conveying system  
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Figure 13. Single row self propelled harvester in operation 

 
with chain mechanism was developed by anchoring with mild steel mesh panels on two 
sides. A horizontal 3-blade cutting disc was used to cut the stems as the machine moved 
forward. The rpm of the blade was adjusted to 850. The conveying speed was adjusted to 
synchronize with walking speed – about 3-3.5 km/hour.  The initial trials showed promising 
results and the design is under final refinement before commercializing it. It is also planned 
to develop a tractor drawn harvester to make it suitable to for 2-3 rows.                                           
 
5.5 Research Achievements – DSR 
 
5.5.1 Identification of varieties, hybrid parents and hybrids through multi-location on-
farm testing and farmers’ participatory cultivar selection 
 

 Bioethanol yields ranged from 475 to 1732 L ha-1. SPSSV 34 has recorded 19% higher 
ethanol yields than SSV 84 (C) followed by SPSSV 33 (17% more) and SPSSV 27 (16% 
more); 

 In hybrids, ICSSH 58 had high resource use efficiency in dryland condition;  

 Fresh stalk yield had shown high positive correlation (R2=0.9108**) with ethanol yields 
and it could be used as surrogate to estimate the ethanol yields in large-scale field trials; 

 124 experimental hybrids have been identified possessing high Brix (16-21 %) than 
check;  

 Forty parental lines showed Brix (17-19%) and were promising; 

 Of the 50 new hybrids evaluated, hybrid RS 1220A X SSV 74 significantly out yielded the 
check hybrid CSH 22SS by 18%; 

 Out of four hybrids contributed to SFPCT-2011K, the hybrid DSRH 3 was found to be 
superior for fresh stalk yield, juice yields and Brix content by 25%, 31% and 13%; 

 In the multilocation trials of 2011, the hybrid SPH 1713 bred under the project recorded 
the highest ethanol yields of 1199 l/ha (Table 26) and has shown 23% superiority for 
computed ethanol yields over the check CSH 22SS (977 l/ha);  

 Similarly, the variety SPV 2074 developed under the project showed a superiority of 13% 
for stalk yields and 10% for juice yields over the check variety CSV 19SS in multilocation 
trials of 2011;  

 In the on-station trials at DSR, the hybrids − DMS 8A x RSSV76 (ethanol yield 3304 l ha-1), 
DMS 26A x SSV 74 (ethanol yield 2807 l ha-1), DMS 30A x SSV 74 (ethanol yield 2794 l ha-
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1) showed a superiority of 21-43% compared to control CSH 22SS (ethanol yield 2306 l 
ha-1) . 

 
Table 26. Performance of hybrids for sugar traits - IAVHT (AICSIP) - Kharif 11 

No. Entry Brix (%) 
Sucrose 
(%) 

TSI 
(t/ha) 

Ethanol Yield 
(L/ha) 

Grain Yield 
(kg/ha) 

1 SPH 1711 17.8 12.3 2.15 1148 2912 

2 SPH 1669 17.6 11.5 1.56 829 3049 

3 SPH 1712 17.1 11.5 1.43 760 2348 

4 SPH 1713 17.0 11.5 2.25 1199 2828 

5 SPH 1670 16.8 10.7 1.96 1045 3082 

6 CSH 22SS 16.1 10.0 1.83 977 2862 

 
C.D. (5%) 1.0 1.6 0.75 398 1074 

 
5.5.2 Development and evaluation of new sweet sorghum hybrids under station trials 
 

 The hybrids – ICSA 560 x IS 17814 (74 t/ha) and ICSA 560 x IS 21991 (69 t/ha) 
recorded superior fresh stalk yields (Fig. 14.) compared to the check CSH 22SS 
(65t/ha) during 2009;  

 ICSA 560 x IS 17814 was the highest juice yielder (34037 L/ha) while ICSA 675 x IS 
5353 recorded highest juice extraction of 44%.  

 

 
 

Figure 14. Performance of promising hybrids for Brix and stalk yields 
 

 To identify the promising hybrids with high stalk and sugar contents during 2010, 50 
hybrids were evaluated in an RBD and the hybrid RS 1220A X SSV 74 with a total 
biomass of 84 t/ha significantly out-yielded the check hybrid CSH 22SS (71 t/ha) by 
18%;  

 The same hybrid also recorded a significant superiority for early flowering (14%) and 
maturity (10%) apart from superiority for juice yields (33%) and calculated 
bioethanol yields (29%) over the check CSH 22SS;   
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 RS 1220A X RSSV 9 was another early maturing hybrid with a grain yield of 3024 
kg/ha and was significantly superior (67%)  to the check (1809 kg/ha);  

 NSS 1007A X RSSV 9 was the highest bioethanol yielder (2157 l/ha) in the trial and 
was superior to the check by 32%. It was also promising for juice yield with a juice 
yield of 25621 l/ha.  
 

5.5.3 Combining ability studies 
 

 Combining ability studies over the years have revealed the significance of line effects 
for plant height, Brix (%), TSS while the testers showed significance for plant height, 
total biomass, and fresh stalk yield. This indicates that the variation in hybrids in 
terms of the characters studied is largely influenced by the interaction between lines 
and testers; 

 Among lines DMS 10B and DMS 8B exhibited significant and positive GCA effects for 
total biomass and juice yields while for Brix content, DMS 30B was promising (Fig. 2); 

 Among testers, SSV 74 and CSV 19SS were promising general combiners for fresh 
stalk yield while SSV 84 and the former two testers were promising for total sugar 
content and computed ethanol yields; 

 The cross DMS 8A x RSSV 76 exhibited significant and positive SCA effects for 
important traits like total biomass, juice yield, total sugar content and computed 
ethanol contents. 

 

    

 

Figure 15. GCA effects of lines for various characters 

5.5.4 Seed production and supply to the target region:  Sweet sorghum hybrid CSH22SS 
seed was produced by DSR and supplied to NAIP project farmers during the project period. 
DSR also produced breeder seed of SSV 84, SSV 74 and CSV 19SS for supply to the farm trials 
during the project implementation period. 
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Refining agronomic practices for 
enhancing the productivity: 
Staggering effects of planting (June 
to August) on yield revealed that 
June 1 planting gave highest mean 
fresh stalk yield (58.1 t ha-1) across 
the years (Fig. 17). It also gave 42% 
more stalk and ethanol yields than 
second and third dates (16 June and 
1 July). Planting done in the first 
week of August decreased stalk yield 
threefold (>200%) over 1st week of 

June planting. Stalk yield decreased by 24 to 69% across plantings (from July 16 to August 1 
over June 1, resp.). Based on a two-year study, best sowing window for sweet sorghum 
planting is from June 1 to July 1. Harvesting at hard-dough stage gave 10% higher stalk 
yields, sugar content and computed ethanol yields.  
 
Figure 16. Variation in crop height, growth, and biomass production of sweet sorghum 
planted at fortnightly interval, DSR/Hyd.  
 

 
Figure 17. Sweet sorghum staggering planting effects on stalk yields (mean of 2008 and 
2009) 
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6. Innovations 
 

6.1 Sweet sorghum bagasse as livestock feed 
 

Research studies indicated that sweet sorghum bagasse leaf residue (SSBLR) is a potential 
roughage source for ruminants and it will add value to the sweet sorghum bio-ethanol value 
chain besides mitigating the fodder shortage. The price offered for fresh SSBLR initially was  
300/ton which has gone up to  700/- and finally towards the end of the season it fetched  
900/ton after deducting the chopping charges. When SSBLR is sold from a decentralized 
crushing unit at  700/ton it approximately works out to be 56.8 percent (returns) of the 
price offered by the decentralized unit for the fresh stalks of sweet sorghum (  800). The 
wholesale trader sold it at  2500/- and 2750/- to the dairy farms and retail fodder trader, 
respectively. The retail trader in turn sold fresh SSBLR at  3500/- to the dairy farmers. 
Interestingly the regular sorghum stover is traded at  3500/- during the same period 
indicating the potential feeding value of SSBLR in the sweet sorghum bioethanol value chain. 

 
The overall approach of sensitizing the dairy farmers and fodder traders during the first two 
years of the project by evaluating the SSBLR using the farmer buffaloes itself, offering them 
the chopped SSBLR at a subsidized price at their doorstep through the fodder trader and the 
nutritional quality of fresh SSBLR has paid off well resulting in the establishment of SSB as 
fodder for dairy animals both at the level of fodder trader and dairy farmers. In this way 
SSBLR is the key by-product for sustainable sweet sorghum based bioethanol value chain 
now and in the near future in India. 
 

 

 
Figure 18. 

 
6.2 Designing and development of single row self-propelled harvester  
 
Three different models of commercial harvesters were tested to find out their efficacy at 
field level and were found to be not very effective for sweet sorghum. Hence a new machine 
was conceptualized and developed at the CRIDA workshop. It was mainly powered by a 6.5 
h.p. petrol engine which reduced the normal vibrations. A three-tier conveying system with 
chain mechanism was developed by anchoring with mild steel mesh panels at two sides. A 
horizontal 3-blade cutting disc was used to cut the stems as the machine moved forward. 
The rpm of the blade was adjusted to 850. The conveying speed was adjusted to 
synchronize with walking speed about 3-3.5 km h-1. The initial trials showed promising 
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results and the design is under final refinement before commercializing it. It is also planned 
to develop a tractor drawn harvester to make it suitable for 2-3 rows. 

 

                                                            
Figure 19. Single row self-propelled harvester in operation 

 

6.3 Improved Efficiency of crusher 

A high juice recovery 3-roller crusher with 25 h.p. motor (Fig. 20a, 20b) was developed with 
the help of a private sector company, Adarsh Engineering Company, Nagpur, Maharashtra. 
The rollers of the crusher were designed in such a way that it crushes the stems of sweet 
sorghum completely. The stems of sweet sorghum are softer than sugarcane stems. The 
grooves on the rollers were flat with a channel on either side to drain out the juice 
conveniently. A crusher was fabricated as per the need of the sweet sorghum stems. As a 
collective effort (public-private-partnership), the crusher was evaluated for its performance 
using different cultivars for crushing, 24 hrs to 36 hrs after harvest.  It was observed that the 
average juice recovery from the sweet sorghum cultivars (RSSV 9, CSH 22SS and ICSV 93046) 
ranged from 350 to 425 l t-1, the percentage increase in juice recovery when compared to 
sugarcane crusher was found to increase by 37%.  With this increased efficiency the average 
productivity of syrup will increase by 25% and overall syrup production cost will decrease by 
22%. This will have a positive effect on the viability of DCU operations and economics.  

           
 
 
 
 

Figure 20a. New sugarcane crusher               Figure 20b. Modified rollers 
 

6.4 Production of food grade syrup and its use in food industry 
 
A study was undertaken to explore and demonstrate the innovative use of sweet sorghum 
juice in the food industry, which focused both on improving the processing of juice to food-
grade syrup and the development of value-added sweet sorghum syrup-based food 
products. This innovative study describes a new method to produce clarified sweet sorghum 
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juice using filter-aid and vacuum filtration system. The juice is clarified and processed into 
syrup. The syrup is innovatively used as a sugar replacement or ingredient in developing 
value-added food products, developed as per the Indian food regulations (Fig. 21 A-D).  
Processing  

 Harvest crop at physiological maturity; 

 Remove the leaves and leaf sheath from the stalks before crushing;  

 The juice extracted from the stalks was pre-heated for about 20 minutes to 70°C, 
then cooled down to 40°C;  

 The juice was clarified using vacuum filtration – a filter cloth was cut to size and 
placed on the Buchner funnel;  

 A uniform bed of Celite® was prepared on the filter cloth;  

 The juice was then poured on the Celite® bed and filtered under vacuum. This 
process resulted in clarified sweet sorghum juice;  

 The juice was concentrated to syrup by heating and slow evaporation. This was 
carried out under uniform heating conditions with continuous stirring;  

 As concentration proceeded, the boiling point increases. Hence it is important to 
heat under a low flame to avoid charring;  

 Scum formed was continuously removed;  

 Heating was stopped when the concentrated juice (syrup) was 72° to 76° Brix. 
Physico-chemical characteristics:  

 Total soluble solids (°Brix) and pH of juice, syrup and the developed beverages were 
measured with a digital pocket refractometer and pH meter, respectively (Annexure 
3);  

 Acidity was calculated by titrating against 0.1 N NaOH and expressed as percentage 
of citric acid. Water activity (aw) was measured using a water activity meter. 

 
 
Advantages in product development  

 The syrup obtained from sweet sorghum juice contains biologically active substances 
and micro-nutrients;  

 It is a rich source of calcium, potassium and iron, and of natural antioxidants 
(ascorbic acid and other carotenoids);  

 It does not easily crystallize into sugar because of its relatively higher content of 
reducing sugars as compared to cane sugar;  

 Product developers can, therefore, explore the use of sweet sorghum syrup in 
applications where crystallization is an issue;  

 The study proves that sweet sorghum syrup can be used in the preparation of a 
number of food products without compromising on their sensory quality.  

Syrup is shelf-stable:  

 As the syrup contains 70% or more of sugar, it is shelf-stable and does not ferment. 
The sugars present in syrup bind most of the available free water, thus reducing the 
water activity (aw), leaving very little water for microbial growth;  

 It is also an acidic food (pH<4.6). Thus sweet sorghum syrup with aw between 0.6 to 
0.65 and pH 3.75-4.00, is a shelf-stable product without need for preservatives or 
refrigeration.  
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Syrup for the pharmaceutical and food industry:  
Sweet sorghum syrup can be used as an ingredient in neutraceutical formulations, 
medicated sweets, blended powders, syrups, elixirs, tablets, lozenges and capsules. 
Evaluation of food products (RTS) showed that the samples were acceptable to the 
consumers and rated at par with commercially available samples. These products are ready 
for commercialization.   
 
Sweet sorghum syrup based products  

   
  A   B  C  D 

Figure 21 A-D. A. Ready-To-Serve (RTS) Sweet sorghum-based beverage; B. Tamarind- 
sweet sorghum sauce;  C. Sweet sorghum-based tomato sauce; D. Sweet sorghum crisps 
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7. Process/ Product/Technology Developed  
 

Proforma -1 

 

Production Technologies/ Innovations 

(Page limit: 3 pages/technology) 

(Note: Please include only those technologies which are not listed in attachment on technologies) 

  

1. Title of the Sub-project: Value chain model for bioethanol production from sweet 

sorghum in rainfed areas through collective action and partnership 

2. Name of CPI/CCPI: Belum VS Reddy/A Ashok Kumar 

3. Title of the Technology:  

4. Information on Existing farming Systems, Practices, Productivity Levels and Income in the Target 

Area:  

5. Key Intervention(s) Introduced: Improved production technology, IPM and INM practices 

6. Results  

Status of Dissemination/ Commercialization; and, Extent of Adoption and Success, If Applicable; 

with Supporting Data (with Tables and Photographs as Annexure-1): 

7. Brief Description of Technology for Release: Sweet sorghum crop production practices 

8. Expected Outcome/Impact of the Technology: Enhanced stalks and grain crop production, thus 

increase in gross income of the farmer from unit area by 20% 

(8.1) Expected Increase in Area, Production and Net Income 

(8.2) Others 

9. Whether findings have been published? If so, give the citation and enclose copy of the publication. 

10. Any other information. A Manual on crop production and management practices released. 
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Proforma -2 

 

 Processing Technologies/ Innovations 

(Page limit: 3 pages/technology) 

(Note: Please include only those technologies which are not listed in attachment on technologies) 

 

1. Title of the sub-project: Value chain model for bioethanol production from sweet 

sorghum in rainfed areas through collective action and partnership 

2. Name of CPI/CCPI: A Ashok Kumar 

3. Title of the technology: Production of food grade syrup and its use in food industry 

4. Information on existing farming systems, practices, productivity levels and income in the target 

area: not available in India 

5. Key Intervention(s) introduced: syrup production at village level 

6. Results  

Status of dissemination/commercialization; and, extent of adoption and success, if applicable; with 

supporting data (with tables and photographs as annexure-2): 

7. Brief description of technology for release: 

Production of food grade syrup and its use in food industry 
A study was undertaken to explore and demonstrate the innovative usage of sweet sorghum juice in the food 
industry, which focused both on improving the processing of juice to food-grade syrup and the development of 
value-added sweet sorghum syrup-based food products. This innovative study describes a new method to 
produce clarified sweet sorghum juice using filter-aid and vacuum filtration system. The juice is clarified and 
processed into syrup. The syrup is innovatively used as a sugar replacement or ingredient in developing value-
added food products, developed as per the Indian food regulations.  
 
Processing  

 Harvest crop at physiological maturity. 

 Remove the leaves and leaf sheath from the stalks before crushing.  

 The juice extracted from the stalks was pre-heated for about 20 minutes to 70°C, then cooled down 

to 40°C.  

 The juice was clarified using vacuum filtration – A filter cloth was cut to size and placed on the 

Buchner funnel.  

 A uniform bed of Celite® was prepared on the filter cloth.  

 The juice was then poured on the Celite® bed and filtered under vacuum. This process resulted in 

clarified sweet sorghum juice.  

 The juice was concentrated to syrup by heating and slow evaporation. This was carried out under 

uniform heating conditions with continuous stirring.  
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 As concentration proceeded, the boiling point increases. Hence it is important to heat under a low 

flame to avoid charring.  

 Scum formed was continuously removed.  

 Heating was stopped when the concentrated juice (syrup) was 72° to 76° Brix. 

Physico-chemical characteristics:  

 Total soluble solids (°Brix) and pH of juice, syrup and the developed beverages were measured with a 

digital pocket refractometer and pH meter, respectively (Annexure 3).  

 Acidity was calculated by titrating against 0.1 N NaOH and expressed as percentage of citric acid. 

Water activity (aw) was measured using a water activity meter. 

 
Advantages in product development  

 The syrup obtained from sweet sorghum juice contains biologically active substances and micro-

nutrients.  

 It is a rich source of calcium, potassium and iron, and of natural antioxidants (ascorbic acid and other 

carotenoids).  

 It does not easily crystallize into sugar because of its relatively higher content of reducing sugars as 

compared to cane sugar.  

 Product developers can therefore explore the use of sweet sorghum syrup in applications where 

crystallization is an issue.  

 The study proves that sweet sorghum syrup can be used in the preparation of a number of food 

products without compromising on their sensory quality.  

 
Syrup is shelf-stable:  

 As the syrup contains 70% or more of sugar, it is shelf-stable and does not ferment. The sugars 

present in syrup bind most of the available free water thus reducing the water activity (aw), leaving 

very little water for microbial growth.  

 It is also an acidic food (pH<4.6). Thus sweet sorghum syrup with aw between 0.6 to 0.65 and pH 

3.75-4.00, is a shelf-stable product without need for preservatives or refrigeration.  

 
Syrup for the pharmaceutical and food industry:  
Sweet sorghum syrup can be used as an ingredient in neutraceutical formulations, medicated sweets, blended 
powders, syrups, elixirs, tablets, lozenges and capsules. Evaluation of food products (RTS) showed that the 
samples were acceptable to the consumers and rated at par with commercially available samples. These 
products are ready for commercialization (Fig. 21 A-D).  
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Sweet sorghum syrup based products  

   
A   B   C   D 

Fig A. Ready-To-Serve (RTS) Sweet sorghum-based beverage; B-Tamarind- Sweet Sorghum Sauce;  C- 
Sweet sorghum-based tomato sauce; D-Sweet sorghum crispies 

1. Whether findings have been published? If so, give the citation and enclose copy of the publication.  
Ravinder Reddy  Ch, Reddy BVS, G Basavaraj, Ashok Kumar AA, Saikat DM, Chetty SMK, Sharma KK, Rao 
PP, Wani SP, Rao SS, Umakanth AV, Srinivas I, Kamal A, Blummel M, N Nalini Reddy, Reddy YR. 2011. 
Sweet sorghum stalk supply chain management: Decentralized crushing-cum-syrup making unit. 
Information bulletin no . … . International Crops Research Institute for the Semi-Arid Tropics. 36 pp. (In 
Press.) 

Proforma -3 

 

Details of Commercialized Technologies/ Innovations   

(Page limit: 3 pages/technology) 

(Note: Please include only those technologies which are not listed in attachment on technologies) 

1. Title of the Sub-project: Value chain model for bioethanol production from sweet sorghum in rainfed 

areas through collective action and partnership 

2. Name of CPI/CCPI: A Ashok Kumar 

3. Title of technology: Mechanizing sweet sorghum production for higher productivity and profitability 

 

4.  Commercialization status with date of licensing/MOU: It is in process 

  

5. Brief description of intervention / innovation: Design and developing improved seed drill and 

harvester and developing a custom hiring center 

 

6. Name and address of the firm(s) which has commercialized it: Custom hiring center – CRIDA under the 

project.  

 

7. Area (state(s)/district(s)) covered: Medak district, AP. 
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8. Volume/quantity of Annual production and approximate sale value: 

 

9. Benchmark (existing similar product) and Consumer acceptance, particularly in case of food products:  

 

10.  Status of patenting, if patentable, trademark or any other IPR title, if applicable 

 

11.  Status of publication and publicity: 

 

12. One or two photograph (in action): enclosed 

 

Sowing and harvesting are two critical operations in sweet sorghum production that potentially influence the 
crop productivity and crop economics. The sub-project made efforts to address these issues. The results are as 
follows: 
 

1. Mechanization of sowing: A 6-row CRIDA planter was modified to suit the sweet sorghum sowing 

in the light of soils of Ibrahimbad cluster. It consists of a rigid frame in which the seed-cum-

fertilizer box is placed. The inclined metering plate mechanism was used to sow the seed in 15-20 

cm spacing based on the need of the farmer. The row-to-row spacing was adjusted to 45 cm as 

per the wish of the farmers. More than 20 demonstrations were conducted to create awareness 

among the tribal community in the cluster. The seed drills are placed in a custom hiring center 

under the project. More than 300 farmers used the machine and their yields improved by 15-20 

percent because of optimum placement of seed and fertilizer in the furrow, apart from meeting 

the timeliness. The girth and height of the stem also increased because of which 6% more of juice 

recovery was also recorded than the conventional one. 

 

     
                  Crop grown with CRIDA planter              Training to the farmers on planter 

 

2. Designing and development of  single row self-propelled harvester: As sweet sorghum is taller 

(around 12-14 feet)  than the normal sorghum with girth ranging from 16-30mm, it was found 

very difficult to use the commercial self-propelled reapers which are available in the market for 

harvesting the stalks.  Apart from problems in cutting the stem, conveying it to the side was 

found to be very difficult because of its size and weight. Three different models of commercial 

harvesters were tested to find out their efficacy at field level and found not much effective for 

sweet sorghum. Hence a new machine was conceptualized and developed at CRIDA workshop. It 

was powered by a 6.5 h.p. petrol engine which reduced the normal vibrations. A three-tier 

conveying system with chain mechanism was developed by anchoring with mild steel mesh 

panels at two sides. A horizontal 3-blade cutting disc was used to cut the stems as the machine 

moved forward. The rpm of the blade was adjusted to 850. The conveying speed was adjusted to 

synchronize with walking speed about 3-3.5 km h
-1

.  The initial trials showed promising results 
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and the design is under final refinement before commercializing it. There is also a plan to develop 

a tractor-drawn harvester suitable for 2-3 rows. 

 

                 
Single row self-propelled harvester in operation 

 

 

 

                                                                                           

Proforma -4 

Information on Rural Industries – NIL during the report period 

(Note: Please include only those rural industries which are not listed in attachment on rural 

industries) 

1. Name of Sub-project: 

2. Name of CPI: 

3. Name of Rural Industry with Address: 

4. Contact: Phone and E-mail of rural industry 

5. Investment (Rs.): NAIP funds 

                                 Industry/Entrepreneur  

6. Product(s) produced and marketed: 

7. Annual Production (kg or litre): 

8. Raw Material(s) and Quantity Used/Year (kg or litre): 

9. Cost of raw material (per kg or litre): 

10. Price of Product: In Whole Sale 

                                  :In Retail  

11. Type of Beneficiaries: 

12. No. of Beneficiaries 

13. How the Industry is beneficial to Primary Producers: 

14. Estimate Employment Generation/Year (person days): 

15. CPI to explain whether the industry is approved by FPO/BIS or any other statutory body and how the food 

safety and quality assurance of end product are being ensured?    

 

_________________________________________________________________________ 

Note: 1. Use separate sheet for each rural industry and product. 

          2. Attach photograph of each rural industry and product.    
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Proforma -5 

Information on product groups for which quality grades developed and agreed - NIL during the report period 

 

 

Name of Product 

Group 

Details of Product Group  Tangible/ Intangible Benefits 

   

 

Proforma -6 

Information on Technologies/ Innovations Filed for Patent - NIL during the report period 

 

(Note: Please include only the filed patents/ IPRs which are not listed in attachment on patents/ 

IPRs) 

 

1. Exact title of the technology and date of filing application: 

2. Where it was filed? 

3. Present status (if number is awarded, give No. and date): 

4. Brief write up of the technology(duly masking the IPR related issues) which can be printed: 

5. Whether the technology is commercialised? 

6. Impact of the technology: 

Proforma -7 

Information on Patented Technologies - NIL during the report period 

 

(Note: Please include only the filed patents/ IPRs which are not listed in attachment on patents/ 

IPRs) 

 

1. Exact title of the technology and date of filing application: 

2. Where it was filed? 

3. Indicate the details of patent: 

4. Brief write up of the technology: 
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5. Whether the technology is commercialised? 

6. Impact of the technology: 

 

Proforma -8 

Details of Scientists Deputed for International training in Consortium-based Subject Areas - NIL during the 

report period 

 

 

(Note: List only those training attended from 01.04.2011 to 31.12.2011) 

 

Proforma -9 

 Guidelines for Citation of Publications from NAIP sub-projects 

(Note: Give only those publications (under different categories) which are not listed in attachment 

on publications) 

 
 

    

    

    

    

    

    

    

    

    

    

 
 

8. Patents (Filed/Granted) :  
Nil 

Name of Scientist 

with Address 

Area of Training Name of Host 

Institute 

Period of Training 

From To 
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S. No. Title of Patent  Inventor(s) (Name & 
Address) 

Filed/Published/
Granted 
(No./Date)  

Responsible 
Partner 

     

     

     

     

     

 

9. Linkages and Collaborations  
 

S. No. Linkages developed 
(Name & Address of 
Organization) 

Date/Period From-To Responsible Partner 

1 Syrup marketing M/S. Indfag Ltd, Bangalore ICRISAT 

2 Syrup marketing Pvt. Dairy farms  ILRI/ICRISAT 

3 Sweet sorghum bagasse  Private fodder agents in and 
around Hyderabad 

 Pvt. Dairy farms 

ILRI/ICRISAT 

4 Sweet sorghum seed supply Private dairy farms an 
individual farmers  

ICRISAT/ILRI 

 

10. Status on Environmental and Social Safeguard Framework  
 (Please see NAIP website for clarity on the subject) 
 

Overall impact (Social and environmental)  
A number of environmental and social benefits/issues arising from implementation of the 
sub-project have been identified and appropriate measures have been proposed to counter 
the negative impacts. A document on Safeguard Matrix has been prepared. The details are 
as follows: 
 
Environmental safeguard: Activities, issues, impact and mitigation measures 

Activities 
 

Issues 
 

Anticipated level of 
impacts * 

Mitigation 
measures  

(negative impact) Positive Negative 

Large scale 
sweet sorghum 
cultivation in 
farmers’ fields/ 
crop 
diversification 

Yield (both stalk and grain) 
increase 

5   

Shoot fly and grain mold in 
rainy season 

 3 Planting in time, use 
of resistant 
cultivars, harvesting 
the crop at 
physiological 
maturity  

Positive effect on use & 4   
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Activities 
 

Issues 
 

Anticipated level of 
impacts * 

Mitigation 
measures  

(negative impact) Positive Negative 

availability of water 
resources  

Effect on agro biodiversity-
fodder availability 
increased 

4   

Use of agro chemicals  like 
weedicides, insecticides 

 2 Proper tilling, timely 
pest control 
measures and non-
use of banned 
chemicals 

Integrated farm 
extension 
services with 
buy-back 
support 

Crop management is in 
place with training on best-
bet practices and IPM to 
participating farmers 

5   

Transport and 
processing of 
produce 

Reduction in juice volume 
leading to low syrup yields 

 2 Reducing the time 
lag between 
harvesting and 
crushing and 
increasing crushing 
efficiency at DCU 
 

Utilization of 
ethanol 

Reduced emissions with 
ethanol blended gasoline 

3   

Develop technologies for byproduct utilization and dissemination of value chain model 

Byproduct value 
addition   

Byproduct utilization in 
place  as animal feed and 
compost 

5   

Sensitizing line 
departments, 
policy makers for 
promoting 
multipurpose 
sweet sorghum 

Contributes to energy 
security without 
compromising food value  

3   

Micro-
entrepreneur-
ship 
development for 
intensive 
cultivation and 
decentralized 
processing  

Decentralized model put in 
place 

3   
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Social safeguard: Activities, issues, impact and mitigation measures 

Activities 
 

Issues 
 

Anticipated level of 
impacts 

Mitigation 
measures  

(negative impact) Positive Negative 

Baseline  survey Availability of accurate 
bench mark information 

 2 Participatory 
approach for data 
collection was 
carried out 

On- farm sweet 
sorghum 
production  

1. Increase  in income  4   

2. Unequal access to inputs  2 Linking farmers to 
input suppliers 

3. Selection of cluster 
villages –social conflicts 

 2 Multiples surveys 
conducted; studied 
the potential areas, 
interacted with 
farmers and village 
administration 
before zeroing 
down on project 
villages 

Integrated farm 
extension 
services  
 

Effective crop management 
practices in place 

4   

Buy-back 
assurance  

Market assurance is in place  5   

Scheduling the 
harvesting of 
stalks 

Supply-chain management is 
in place for 
commercialization 

4   

Procurement of 
stalks from 
farmers 

Delay in harvesting due to 
labor shortage 

 2 Development of 
sweet sorghum 
harvesters in 
progress 
 

Avoiding 
pilferage of juice 
and syrup 

Chances for using juice and 
syrup for potable alcohol 
manufacturing ruled out 

5   

Micro-
entrepreneur-
ship 
development for 
establishment of 
DCUs  

Enhanced employment 
opportunities  3 

 
 
 
   

*scale:   1 = is lowest and 5 = highest 
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Potential indirect and/ or long-term impacts  
 

 Increased sweet sorghum cultivation will be at the cost of replacement of other 
crops. Obviously less remunerative crops will be replaced.  

 While the potential direct impact would be on household food, long-term livelihoods 
security of dryland poor is assured through replication of more such models on the 
sweet sorghum value chain.  

 The indirect benefits will be sustainability of sweet sorghum cultivation in dryland 
regions of the country, offering fodder security (through bagasse) for livestock 
including meat animals with better productivity and efficiency and dairy production.   

 Development of rural feed sector with better utilization of feed resources and 
increased animal production.  

 Awareness of farmers for achieving better returns with improved marketing 
approaches. 

 Rural entrepreneurship will help in reducing migration to urban areas through 
enhanced employment and income generation.  

 Reduced environmental pollution through increased use of ethanol blended gasoline 
which contributes to better health of the society. 
 

 

11. Constraints if any, and Remedial Measures Taken 
S. No. Constraint Remedial measure 

1 Non-availability of community land 
for establishing the decentralized 
crushing unit (DCU) 

A community meeting of farmers in 
Ibrahimbad village was organized and as 
per its recommendation, private land (1 
acre area) was leased out to establish 
the DCU and the annual lease amount 
was paid by the participating farmers in 
the project 

2 Adoption of grain sorghum 
management practices for sweet 
sorghum by the participating farmers 

A large number of training programs 
was organized to educate the farmers 
on improved sweet sorghum 
management practices, inputs and 
implements were provided to enable 
them to adopt these practices; the seed 
drills provided by the project enabled 
the farmers to maintain the 
recommended row spacing and to use 
the mechanical weeders for weeding. 

3 Non-application of fertilizers by the 
farmers 

Farmers were educated about the 
importance of fertilizer application for 
achieving higher yields; fertilizers were 
supplied by the project on credit and 
project staff ensured fertilizer 
application by farmers till the time 
farmers got convinced about the need 
for fertilizer application for sweet 
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S. No. Constraint Remedial measure 

sorghum. 

4 Delayed harvesting and stalk supply 
to DCU owing to labor shortage 

A work-contract model was developed 
wherein the bullock cart owners in the 
village take care of the stalk cutting, 
transportation of stalks from farmers’ 
fields to DCU on per ton basis. This 
enabled farmers to attend to other 
works and ensured quick supply of 
stalks to DCU. 

5 Poor crushing efficiency of the 
sugarcane crushers 

As we do not have customized crushers 
for sweet sorghum, the sugarcane 
crushers available in the market were 
used for sweet sorghum crushing in the 
sub-project which resulted in low 
crushing efficiency (26%). With the help 
of an engineering company we modified 
the crusher and by the end of the 
project we achieved a crushing 
efficiency of 32%. 

6 Piling up bagasse at DCU In the first year of operation, a huge 
mass of bagasse piled up at DCU which 
posed a threat to the safety of DCU as 
dried bagasse can easily catch fire and 
potentially engulf the whole unit. So we 
created awareness among farmers on 
use of bagasse as animal feed; supplied 
the bagasse on a no-cost basis to 
farmers’ door steps to encourage them 
to use it up and contacted the fodder 
traders in the urban dairy industry to 
use it as feed. This was an instant hit 
and by the end of the project the fodder 
traders paid Rs 1/kg of chopped bagasse 
and were ready to purchase any 
quantity. 

7 Poor syrup recovery Syrup recovery increased by raising the 
crushing efficiency to 32% 

8 High syrup production cost The increased crushing efficiency 
brought about through the modified 
crushers and the increased labor use 
efficiency helped in reducing the syrup 
cost from Rs 31 in 2008 to Rs 22.5 in 
2011. 

9 Highly variable rainfall in project 
implementing years 

Rainfall variability was to some extent 
addressed by making the farmers adopt 
the improved crop management 
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S. No. Constraint Remedial measure 

practices and harvesting the crop at 
physiological maturity. 

10 Closure of Rusni Distilleries during 
the project period   

This affected centralized area 
operations in the project. We surveyed 
a large number of distilleries to 
handover centralized area operations 
but we found that they do not have the 
license to use sweet sorghum as 
feedstock for commercial ethanol 
production and even to use it as test 
material they lacked the crushers and 
molecular sieves.   

 

12. Publications  
(As per format of citation in Indian Journal of Agricultural Sciences) 
A. Research papers in peer reviewed journals 

 

S. No. Authors, Title of the paper,   
Name of Journal, Year, Vol. & Page No. 

NAAS 
Ratings  

Responsible 
Partner 

1 Ashok Kumar A, Belum VS Reddy, Michael Blümmel, S 
Anandan, Y Ramana Reddy, Ch Ravinder Reddy, P Srinivasa 
Rao and P Sanjana Reddy.  2010. On-farm evaluation of 
elite sweet sorghum genotypes for grain and stover yields 
and fodder quality. Animal Nutrition and Feed Technology. 
Volume 10S. Pp 69-78. 

 ICRISAT 

2 Blümmel M, Rao SS, Palaniswami S, Shah L and Reddy BVS. 
2009. Evaluation of sweet sorghum [Sorghum bicolor (L.) 
Moench] used for bio-ethanol production in the context of 
whole plant utilization. Anim. Nutr. Feed Technology 

9:1 10. 

 ILRI 

3 Srinivas I, B. Sanjeeva Reddy, R.V. Adake, G.R. Korwar, C.R. 
Thyagaraj, Atul Dange , G. Veeraprasad and Ch. Ravinder 
Reddy. 2010. Comparative Performance of Different Power 
Weeders in Rainfed Sweet sorghum crop. Journal of 
Dryland agriculture research and development (In Press) 

 CRIDA 

4 Ashok Kumar A, Belum VS Reddy, Ch Ravinder Reddy, 
Michael Blummel, P Srinivasa Rao, B Ramaiah and P 
Sanjana Reddy.2010. Enhancing the harvest window for 
supply chain management of sweet sorghum for ethanol 
production. Journal of SAT Agricultural Research 
(http://www.icrisat.org/journal/). Vol 8, issue 1 

 ICRISAT 

5 Ganesh Kumar C, Afroze Fatima, Srinivasa Rao P., Belum  IICT 

http://www.icrisat.org/journal/
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S. No. Authors, Title of the paper,   
Name of Journal, Year, Vol. & Page No. 

NAAS 
Ratings  

Responsible 
Partner 

V.S. Reddy, Abhishek Rathore, A Ashok Kumar, Sara Khalid 
and Ahmed Kamal. 2010. Evaluation of improved sweet 
sorghum genotypes for biochemical parameters, sugar 
yield and its attributes at different phenological stages. J. of 
Sugar Tech doi:10.1007/s12355-010-0045-1 

6 Ashok Kumar A, Belum VS Reddy, HC Sharma, CT Hash, P 
Srinivasa Rao, B Ramaiah, and P Sanjana Reddy. Recent 
advances in sorghum genetic enhancement research at 
ICRISAT. American Journal of Plant Sciences, 2011, 2, 589-
600 doi:10.4236/ajps.2011.24070 published Online 
October 2011 

 ICRISAT 

7 Srinivasa Rao P, Ganesh Kumar C, Jayalakshmi M, Kamal A 
and Reddy BVS. 2012. Feasibility of sustaining sugars in 
sweet sorghum stalks during post-harvest stage by 
exploring cultivars and chemicals: A desk study. Sugar Tech 
14: 21-25 

 ICRISAT 

8 
 
 
 
 

Anandan, S., Zoltan, H., khan, A.A., Ravi, D. and Blummel, 
M. 2012. Feeding value of sweet sorghum bagasse and leaf 
residues after juice extraction for bio-ethanol production 
fed to sheep as complete rations in diverse physical form. 
Anim. Feed Sci. Technol. (In press) 

 ILRI 

9 Blümmel M, Rao SS, Palaniswami S,  Shah  L and Reddy BVS. 
2009. Evaluation of sweet sorghum (Sorghum bicolor (L.) 
Moench) used for bio-ethanol production in the context of 
optimizing whole plant utilization. Animal Nutrition and 
Feed Technology. 9: 1-10 

5.0 ILRI/DSR 

10 Umakanth A V, Patil J V, Rani Ch, Gadakh S R, Siva Kumar S, 
Rao S S, Tanmay Vilol Kotasthane 2012 . Combining ability 
and heterosis over environments for stalk and sugar 
related traits in Sweet Sorghum (Sorghum bicolor (L.) 
Moench.).  Sugar Tech [Accepted for publication] 

5.0 DSR 

11 Umakanth A V, Sameer Kumar C V, Tanmay V Kotasthane 
and Patil J V. 2012.  Genetic divergence studies in sweet 
sorghum [Sorghum bicolor (L.) Moench], a candidate crop 
for biofuel production. Forage Research [Accepted for 
publication] 

2.5 DSR 

12 Ravi Kumar P, Sameer Kumar CV, Umakanth AV, and 
Tanmay V Kotasthane 2009. Genetic variability and 
character association for traits of importance in sweet 
sorghum (Sorghum bicolor L. Moench). Forage Research 
35(2): 91-95 

2.5 DSR 

13 Seetharama N, Rao KVR, and Rao SS. 2009. Sweet stalk 
sorghum: A future dryland bioenergy crop for biofuel 
production in India. The Botanica.57:1-4 

2.5 DSR 
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B. Books/ Book chapters/ Abstracts/ Popular articles, Brochures, etc. 
 

S. No. Authors, Title of the papers   
Name of Book/ Seminar/ Proceedings/Journal, Publisher, Year, Page 
No. 

Responsible 
Partner 

1. Reddy BVS, Rao PS, Parthasarathy Rao P, Rao SS, Blummel Michael, 
Reddy Ravinder Ch, Kumar AA, Reddy Sanjana P, Wani SP, Gowda CLL, 
and Dar William D. 2010. Sweet sorghum for food, fodder and fuel: 
ICRSAT experiences. Paper presented at Sorghum Ethanol consortium 
conference, Orlando, Florida, USA, 28-29 January 2010. 

ICRISAT-ILRI 

2 Ashok Kumar A, Michael Blümmel, Rao SS, Seetharama N, Srinivas 
Rao P, Sanjana Reddy P and Reddy BVS. 2009. Evaluation of sweet 
sorghums for agronomic and fodder quality traits. Forage 
Symposium−2009 “Emerging Trends in Forage Research and Livestock 
Production”, 16−17 February 2009, Jaisalmer, Rajasthan, India 
(Proceedings yet to be printed). 

ICRISAT-ILRI 

3 Anandan S, Khan AA, Ravinder Reddy Ch, Ashok Kumar A, Reddy BVS 
and Blümmel M. 2009. Value addition through fodder use of sweet 

sorghum bagasse in bioethanol value chain. Pages 128 129 in 
Proceedings of Forage Symposium−2009 on Emerging Trends in 
Forage Research and Livestock Production, 16-17 February 2009, 
Jaisalmer, Rajasthan, India.  

ILRI-ICRISAT 

4 Blümmel M, Seetharama N, Prasad KVSV, Ravi D, Ramakrishna Ch, 
Khan AA, Anandan S, Hash CT, Reddy BVS, Nigam S and Vadez V. 
2009. Food-feed crop research and multidimensional crop 
improvement in India. Animal Nutrition: Preparedness to Combat 
Challenges. Proceedings of Animal Nutrition Association World 
Conference 2009: Volume 1, Lead Papers 17-19. 

ILRI-ICRISAT 

5 Reddy BVS, Srinivas Rao P, Ashok Kumar A, Reddy PS, Parthasarathy 
Rao P, Sharma KK, Blümmel M and Ravinder Reddy Ch. 2009. Sweet 
sorghum as a biofuel: Where are we now? Pages 191-202 in 
Proceeding of the 6th International Biofuels Conference, 4-5 March 
2009, New Delhi, India. 

ICRISAT-ILRI 

6 Reddy BVS, Srinivasa Rao P, Ashok Kumar A, Sanjana Reddy P, 
Parthasarathy Rao P, Sharma KK, Blümmel M and Ravinder Reddy Ch. 
2009. Sweet sorghum as a biofuel crop: Where are we now? Pages 
193-202 in proceedings of the Sixth Winrock International Workshop 
on Biofuels. 

ICRISAT-ILRI 

7 Kamal A, Ganesh Kumar C, Nageswar Rao, Rao S S, Ashok Kumar A, 
Wani S P, Venkateswarlu B, Blümmel M, Ramana Reddy Y, 
Palaniswamy A R and Reddy B V S. 2008. Sweet Sorghum: Juice 
Quality Assessment (Brochure), International Crops Research 
Institute for the Semi-Arid Tropics, Patancheru 502324, India, 2 pp. 

IICT and 
ICRISAT 

8 Ganesh Kumar C, Fatima A, Srinivasa Rao P, Jayalakshmi M, Reddy B V 
S, Rathore A, Nageswar Rao R, Khalid S, Ashok Kumar A and Kamal A. 
2011. Characterization of improved sweet sorghum genotypes for 

IICT and 
ICRISAT 
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S. No. Authors, Title of the papers   
Name of Book/ Seminar/ Proceedings/Journal, Publisher, Year, Page 
No. 

Responsible 
Partner 

biochemical parameters, sugar yield and its attributes at different 
phenological stages. International Conference on Recent Trends in 
Renewable Energy Resources (ICR2ER), Indo-German Nachkontakt 
Association (IGNA), January 28–30, 2011, Indian Institute of Chemical 
Technology, Hyderabad, India, Abstract No. P3, pp. 80. 

9 Srinivasa Rao P, Belum VS Reddy, RP Thakur, HC Sharma, Basavaraj G, 
Parthasarathy Rao P, Ravinder Reddy Ch, Ashok Kumar A, Michael 
Blümmel and Sharma KK.2010. Relevance of sweet sorghum as an 
alternative bioethanol feedstock in India – a retrospective analysis. 
3rd International Biofuels India 2010 - Sustainable Biofuels Markets 
and Technology Development, Oct 27-29, New Delhi, India  

ICRISAT 

10 Nagireddy Nalini Kumari, Yerradoddi Ramana Reddy, Michael 
Blummel, Devanaboyina Nagalakshmi, Khaja Sudhakar, Vangur 
Ravinder Reddy, Thamatam Monika, Mitta Pavani, Marrivada 
Sudhakara Reddy, Belum Venkata Subba Reddy, Chintalapani 
Ravinder Reddy 2012. Effect of roughage to concentrate ratio of 
sweet sorghum (Sorghum biclor L. Moench) bagasse-based complete 
diet on nutrient utilization and microbial N supply in lambs. Tropical  
Animal Health and Production online publication of Springer Science 
+ Business Media B.V. 2012;  DOI 10.1007/s11250-012-0129-x 

SVVU-ILRI-
ICRISAT 

11 Nalini Kumari N, Ramana Reddy Y, Blummel M, Nagalakshmi D, 
Sudhakar K, Alexander G and Reddy BVS. 2009. Physical, chemical and 
in vivo evaluation of sweet sorghum bagasse in Deccani sheep. In 
proc: 13th ANSI conference held at NIANP, Bangalore during 
December 17-19, 2009. p. 136-137. 

SVVU-ILRI-
ICRISAT 

12 Nalini Kumari N, Ramana Reddy Y, Blummel M, Nagalakshmi D, 
Pavani  M, Monika T, Sudhakar Reddy M, Reddy B V S and Ravinder 
Reddy Ch. 2011. Effect of chopping on nutrient utilization of sweet 
sorghum bagasse silage in Deccani Sheep. In: proc. 3rd International 
Conference on “Sustainable Animal Agriculture for Developing 
Countries” organized by SAADC at Suranaree University of 
Technology, Nakhon Ratchasima, Thailand during July 26-29, 2011. 

SVVU-ILRI-
ICRISAT 

13 Nalini Kumari N, Ramana Reddy Y, Blummel M, Nagalakshmi D, 
Monika T, Pavani M, Sudhakar Reddy M, Ravinder Reddy C H  and 
Reddy B V S. 2011.    Optimization of roughage to concentrate ratio in 
sweet sorghum bagasse basedcomplete ration for efficient microbial 
biomass production in sheep using in vitro gas technique. In: proc. 8th 
International Symposium on the Nutrition of  Herbivores (ISNH 8) 
organized by British Society of Animal Science at Aberystwyth 
University, Wales, U.K. during September 6- 9, 2011. 

SVVU-ILRI-
ICRISAT 

14 Nalini Kumari N, Ramana Reddy Y, Blummel M, Nagalakshmi D, 
Monika T, Pavani M, Sudhakar Reddy M, Reddy B V S and Ravinder 
Reddy C H. 2011.  Sweet sorghum (Sorghum bicolor L. Moench) 
bagasse based complete diet on nutrient utilization in Nellore ram 

SVVU-ILRI-
ICRISAT 
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S. No. Authors, Title of the papers   
Name of Book/ Seminar/ Proceedings/Journal, Publisher, Year, Page 
No. 

Responsible 
Partner 

lambs.  In: proc.  1st IAVNAW Conference on “The Significance of 
Veterinary Nutrition for Health and Production of Animals of Agro-
ecological Importance” held at Durg, Chattisgarh during September 
24-25, 2011. P. 85. 

15 Nalini Kumari N, Ramana Reddy Y, Blummel M, Nagalakshmi D, 
Monika T,  Pavani M, Sudhakar Reddy M, Reddy B V S and Ravinder 
Reddy C H.  2011. 
 Nutritional evaluation of sweet sorghum bagasse (SSB), an agro-
industrial by- product in Deccani sheep. In: proc.  1st IAVNAW 
Conference on “The Significance of Veterinary Nutrition for Health 
and Production of Animals of Agro- ecological Importance” held at 
Durg, Chattisgarh during September 24-25, 2011.    

SVVU-ILRI-
ICRISAT 

16 Nalini Kumari N, Ramana Reddy Y, Blummel M, Nagalakshmi D, 
Monika T, Pavani M, Sudhakar Reddy M, Reddy B V S and Ravinder 
Reddy C H. 2011.  Effect of roughage to concentrate ratio of sweet 
sorghum (Sorghum bicolor L. Moench) bagasse based complete diet 
on nutrient balance and microbial nitrogen supply in lambs. In: proc. 
14th biennial conference of ANSI on Livestock Productivity 
Enhancement with Available Feed Resources held at Pantnagar, 
Uttarakhand during November 3-5, 2011. pp. 226-227. 

SVVU-ILRI-
ICRISAT 

17 Vidya B, Ramana Reddy Y and Ravinder Reddy V. 2011. Effect of 
concentrate supplementation to sweet sorghum bagasse silage on 
performance and carcass characteristics in Nellore sheep. In: proc. 
National Seminar on “Prospects and Retrospect of Small Ruminant 
and Rabbit Production: Contribution to Socio-Economic Security” 
organized by ISSGPU at Jaipur during December 7-9, 2011. p. 106. 

SVVU 

18 Nalini Kumari N, Ramana Reddy Y, Blummel M, Monika T, Reddy B V S 
and Ravinder Reddy Ch. 2012. Effect of feeding differently processed 
sweet sorghum (Sorghum bicolor L. Moench) bagasse based complete 
diet on nutrient utilization and microbial N supply in growing ram 
lambs In: 2012 ADSA®-AMPA-ASAS-CSAS-WSASAS Joint Annual 
Meeting held at Phoenix, Arizona, USA during July 15-19, 2012. 

SVVU-ILRI-
ICRISAT 

19 Ravinder Reddy Ch, Basavaraj G, Reddy B V S, Ambekar S S, Ashok 
Kumar A, Parthasarathy Rao P, Blümmel M, Ramana Reddy Y, Srinivas 
I, Rao S S, Wani S P, Umakanth A V, Ganesh Kumar C, Srinivasa Rao P, 
Mazumdar S D and Karuppan Chetty S M. 2012. Sweet Sorghum stalk 
supply chain management: Decentralized crushing-cum-syrup making 
unit. Information Bulletin No. 90, International Crops Research 
Institute for the Semi-Arid Tropics, Patancheru 502324, India, 52 pp. 
ISBN 978-92-9066-545-8 

ICRISAT and 
CSIR-IICT 

20 Rao S  Seetharama N, Umakanth AV, Elangovan M, Ratnavathi CV, Dayakar 
Rao B, Bhat V and Mishra JS. 2010. Potential of sweet sorghum for 
bioenergy, biomass, food and fodder in dryland agro ecosystems. 
Research and Development in Millets. Present status and future 

DSR 
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Responsible 
Partner 

strategies. National Seminar on Millets 2010 held on November 12, 
2010 at Hyderabad. Pp 130. 

21 Rao SS., Chandrasekara Reddy D., Vijay Kumar BS., Umakanth AV and 
Patil JV. 2010.  Effect of different crushing methods on sweets 
sorghum juice extraction and quality traits. Research and 
Development in Millets. Present status and future strategies. 
National Seminar on Millets 2010 held on November 12, 2010 at 
Hyderabad. Pp 137. 

DSR 

22 Umakanth, A.V., Rao. S.S., Venkatesh Bhat, B. and Seetharama, N. 
Promising sweet sorghum (Sorghum bicolor L. Moench) genotypes for 
bio-ethanol related traits. In: National seminar on "Biological and 
alternate energies present and future Organized by Department of 
Biochemistry, Andhra University, Visakhapatnam during August 30-
31, 2009  

DSR 

23 Rao SS, Seetharama N, Umakanth AV, Ratnavathi CV and Dayakar Rao 
B 2009. Sweet Sorghum - A promising energy crop for production of 
biofuel, food and high biomass. Paper presented at the International 
conference on food security and environmental sustainability 
organized by IIT, Kharagpur from 17-19 December 2009.  

DSR 

24 Rao SS, Seetharama N, Dayakar Rao B, Ratnavathi CV and Reddy Ch S. 
2008. Sweet sorghum – a potential energy crop for biofuel 
production in India. In: Sorghum Improvement in the New 
Millennium (Reddy BVS, Ramesh S, Ashok Kumar A and Gowda CLL, 
[eds]). Patancheru 502 324, Andhra Pradesh, India: International 
Crops Research Institute for the Semi-Arid Tropics, Pp. 281-288. 
ISBN978-92-9066-5120 

DSR 

25 Basavaraj G, Parthasarathy Rao P, Ch. Ravinder Reddy, Ashok Kumar 
A, Srinivasa Rao P and Reddy BVS. 2011. Public Private Partnership: A 
Case of Sweet Sorghum Ethanol Value Chain. Indian Journal of 
Agricultural Marketing, 25(3): 218. 

ICRISAT 

26 Basavaraj G, Parthasarathy Rao P,  Ravinder Reddy Ch, A Ashok 
Kumar , Datta Mazumdar S, Y Ramana Reddy, P Srinivasa Rao , SM 
Karuppan Chetty and Belum VS Reddy. 2012. Sweet Sorghum- 
Opportunities for Agro-Enterprise Development, paper presented 
during the 28th IAAE pre-symposium conference on Inclusive Agro-
Enterprise Development jointly organized by FAO-Cornell University, 
held at Foz do Iguacu, Brazil, August 18-24, 2012 

ICRISAT 

27 G Basavaraj, P Parthasarathy Rao, Kaushik Basu, Ch Ravinder Reddy, A 
Ashok Kumar, P Srinivasa Rao and BVS Reddy. 2012. Assessing 
Viability of Bio-ethanol Production from Sweet Sorghum. Working 
Paper Series no. 30. Patancheru 502 324, Andhra Pradesh, India: 
International Crops Research Institute for the Semi-Arid Tropics. 
Pp.20. 

ICRISAT 
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S. No. Authors, Title of the papers   
Name of Book/ Seminar/ Proceedings/Journal, Publisher, Year, Page 
No. 

Responsible 
Partner 

28 G Basavaraj, P Parthasarathy Rao, Kaushik Basu, Ch Ravinder Reddy, A 
Ashok Kumar, P Srinivasa Rao and BVS Reddy. 2012. A Review of the 
National Biofuel Policy in India: A critique of the Need to Promote 
Alternative Feedstocks. Working Paper Series no. 31. Patancheru 502 
324, Andhra Pradesh, India: International Crops Research Institute for 
the Semi-Arid Tropics. Pp.20. 

ICRISAT 

 

13.  Media Products Developed/Disseminated 
 

S. No. CD, Bulletins, Brochures, 
etc. (Year wise) 

No. of 
Copies 

Distribution Responsible 
Partner 

1. Video on sweet sorghum 
Seed to Tank 

25 NGO, Pvt. sector 
companies, Dairy 
farmers, lead farmers, 
SHGs,  

ICRISAT 

 

14. Meetings/Seminars/Trainings/Kisan Mela, etc. organized 
 

S. No. Details of 
Meetings/Seminars/T
rainings, etc. 

Duration 
(From-To) 

No. of 
Personnel 
Trained 

Budget 
(`) 

Organizer  
(Name & Address) 

1 Hands-on training- 
operation and 
management of DCU-
outside the target 
areas 

 129  ICRISAT and CRIDA 

2 On-job training of FA 
members 

 137 men and 
123 women 

 ICRISAT and 
AAI(NGO) 

3 Demonstration on 
best bet practices in 
two villages 

 360 farmers  AAI/ICRISAT 

4 On-farm training on 
improved crop 
production practices  

 357 farmers  AAI/ICRISAT 

5 Field days (one)   34 men and 14 
women 

 AAI/ICRISAT/CRIDA/
DSR 

6 Awareness 
development meeting 
in and outside  target 
areas  

 165 farmers  AAI/ICRISAT/CRIDA/
DSR/ILRI 

7 Awareness program 
on  fodder value of 
bagasse  

 123 men and 
76 women 

 ILRI/ICRISAT/SVVU 



82 

 

S. No. Details of 
Meetings/Seminars/T
rainings, etc. 

Duration 
(From-To) 

No. of 
Personnel 
Trained 

Budget 
(`) 

Organizer  
(Name & Address) 

8 Awareness program 
on Bagasse in 
vermicomposting 

 219 men and 
67 women 

 ILRI/SVVU/ICRISAT 

9 Training program on 
Vermicomposting 
preparation  

 78 farmers  ICRISAT/AAI 

10 Awareness program  
on sweet sorghum 
crop and its 
cultivation through 
video film  

 > 550 farmers   AAI/ICRISAT/CRIDA/
DSR 

11 Workshop on 
“Mechanization of 
sweet sorghum crop 
for enhanced 
productivity and 
economic viability” 

23rd 
March, 
2012 

120 0.25 CRIDA, Hyderabad 

 

15. Participation in Conference/Meetings/Trainings/Radio talks, etc.  
 

S. No. Details of 
Meetings/Seminars/ 
Trainings/Radio talk, 
etc.(Name &Address) 

Duration 
(From-To) 

Budget 
(`) 

Participant  
(Name & Address) 

1 7th Biennial ANA 
Conference, 2010 
Held at Bhubaneshwar 

17-19 December, 
2010 

6153 T. Monika, Research 
Associate, 
 NAIP-ICRISAT, Project 
Department of Animal 
Nutrition C.V.Sc., 
R,nagar, Hyderabad 

2 National Seminar on 
sheep and goat 
production at 
Sandynallah, Ooty 

28-29, 
December,2011 

6882 Y. Ramana Reddy 
CCPI, NAIP Project 
Department of Animal 
Nutrition C.V.Sc., 
R’nagar, Hyderabad 

3 International Seminar 
on Animal Nutrition 
Prepared-ness to 
Combat Challenges  

 February 14 -17, 
2009, New Delhi. 

50,647.00 Anandan S 
Blümmel M 

4 One day refresher 
training on 
Procurement and 
Financial Management  

21 February 2011 11467.00 VN Somayajulu 
ICRISAT Patancheru 502 
324, Andhra Pradesh 
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S. No. Details of 
Meetings/Seminars/ 
Trainings/Radio talk, 
etc.(Name &Address) 

Duration 
(From-To) 

Budget 
(`) 

Participant  
(Name & Address) 

5 Training on 
“Management 
Development 
Programme on Public-
Private Partnership for 
Innovations in 
Agriculture” at Indian 
Institute of 
Management, Lucknow 

March 3-8, 2008 NAIP (LCB) Dr A Ashok Kumar 
Scientist 
ICRISAT, Patancheru, 
Hyderabad  
and 
Dr C Ganesh Kumar 
Senior Scientist 
CSIR-IICT, Hyderabad 
500 607, India. 

6 Training on “World 
Bank Norms in 
Procurement of Goods” 
at NAARM, Hyderabad 

April 17-18, 2008 NAIP (LCB) Mr CBS Charyulu 
Controller of Stores and 
Purchase and  
Mrs. N. Padma 
Finance and Accounts 
Officer, CSIR-IICT, 
Hyderabad 500 607, 
India. 

7 Training on 
“Management 
Development 
Programme on 
Leadership for 
Innovation in 
Agriculture at Indian 
Institute of 
Management, Lucknow 

November 3-7, 2008 NAIP (LCB) Dr R Nageswara Rao 
Senior Principal Scientist 
CSIR-IICT, Hyderabad 
500 607, India 

8 International Sugar 
Conference, New Delhi 

November 21-25, 
2011 

20000 Dr AV Umakanth-DSR 

 

16. Foreign Trainings/Visits:  
Nil 

 

S. No. Name, 
Designation, 
Address of 
the Person 

Visit/Training/Seminar 
its Place, Organization 
and Duration (From-
To) 

Dates of 
Seminar 
Delivered and  
Report 
Submitted on 
Return 

Follow up 
Action 

Total Cost 
(`) 
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17. Performance Indicators 

Sl. No. Indicator Base value 
Performance as 
on March 2012 

1 
No. of production technologies 
released and/or adopted  

1 2 

2 
No. of processing technologies 
released and/or adopted  

1 3 

3 
Number of technologies/products 
commercialized based on NAIP 
research  

0 2 

4 
No. of new rural 
industries/enterprises established/ 
upgraded  

1 2 

5 
No. of product groups for which 
quality grades developed and 
agreed  

0 0 

6 
Total no. of private sector 
organizations (including  NGOs) 
participating in consortium  

1 3 

7 
No. of farmers involved in 
consortia activities  

500 1050 

8 
Total number of farmers’ groups 
developed for marketing and 
processing  

0 1 

9 
Number of patent/intellectual 
property protection applications 
filed based on NAIP research  

0 0 

10 

Number of patents/intellectual 
property protections 
granted/published based on NAIP 
research 

0 0 

11 
Number of scientists trained 
overseas in the frontier areas of 
science   

0 0 

12 
Number of scientists trained 
overseas in consortium-based 
subject areas 

0 0 

13 
No. of scientists participated in 
conference/seminar etc. abroad 

0 5 

14 Success stories  2 5 

15 
Incremental employment 
generated (person days/year/HH)  

  

16 Increase in income of participating 0 20 
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Sl. No. Indicator Base value 
Performance as 
on March 2012 

households (` per annum) 

17 
Number of novel 
tools/protocols/methodologies 
developed 

0 3 

                             Publications   

 International journals  0 2 

 National refereed journals 1 8 

 Popular articles 0 1 

 Technical manuals/bulletins etc. 1 2 

 
Seminar/Symposium/Conference/
Workshop Proceedings 

 
16 

 Success stories 1 3 

 News paper items/clippings  0 0 

 CDs / videos  1 1 

 Folder/Leaflet/Handout 0 2 

 Report(s) 4 8 

Additional accrued in value chain 

9 a. Enhancement in product quality 1 2 

9 b. Cost reduction 32 24 

9 c. Export enhancement 0 0 

9 d. 
Additional return to 
farmer/processor/traders 

0 Rs.1365/ha 

 

18. Employment Generation (man-days/year) 
 

S. No. Type of Employment Generation Employment 
Generation 
up to End of 
Sub-project 

Responsible 
Partner 

1 DCU operations-crushing and syrup production 480 ICRISAT/ABI 

2 Harvesting and transportation 768 ICRISAT/CRIDA 

3 Bagasse chopping and loading at DCU 320 ILRI/ICRISAT 
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4 Selling chopped bagasse by agents 656 ILRI/ICRISAT 

5 Total man days  2224  

 

19.  Assets Generated 
(Details to be given on equipments and works undertaken in the sub-project, costing 
more than ` 10,000/- in each case) 

 
(i) Equipment    

 

S. No. Name of the Equipment with 
Manufacturers Name, Model 
and Sr. No. 

Year of 
Purchase 

Quantity 
(Nos.) 

Total cost 
(INR in 
lakhs`) 

Responsible 
Partner 

1 Sucrolyser System (Digital 
Automatic Saccharimeter, 
Refractometer, Purity System 
with Software etc.), Equipment 
for Decentralized Model in AP, 
Model Crusher and Syrup, 
Automatic Weather Station, PC 
with Printer and UPS, Notebook 
Computer, Audio Visual 
Equipment 

Details of 
all 
machinery 
submitted 
to Mr 
Kumar 
Rajesh, 
NAIP 

1 50 

Lead center 
ICRISAT 

2 Diviner 2000 2010 01 3,75,000 
 

ICRISAT 

3 Chlorophyll meter  2010 01 1,20,000 ICRISAT 

4 Refractometer  2010 02 80,000 ICRISAT 

5 TDP saffrometer 2010 01 6,85,000 ICRISAT 

6 Accessories for leaf area meter   30,000 ICRISAT 

7 Sucrolyser System (Digital 
Automatic Saccharimeter, 
Refractometer, Purity System 
with Software etc.) 

 1 24 
Co-partner 1 

DSR 

8 Planters, Interculture 
Equipment, Reapers, Leaf 
Stripper, Small to  

 1 15 
Co-partner 2 

CRIDA 

4 Brix Refractometer, Multi-Mode 
Fermenter, Ultra-Performance 
LC with RI Detector, Juice Pre-
treatment Tank, Brix 
Refractometer, Multi-Mode 
Fermenter, Ultra-Performance 
LC with RI Detector, Juice Pre-
treatment Tank 

 1 40 Co-partner 3 
IICT 

5 Feed Pellet Manufacturing Unit, 
NIRS for Quality Analysis 

 1 65 Co-partner 4 
ILRI 
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S. No. Name of the Equipment with 
Manufacturers Name, Model 
and Sr. No. 

Year of 
Purchase 

Quantity 
(Nos.) 

Total cost 
(INR in 
lakhs`) 

Responsible 
Partner 

6 Computers,  Audio Visual Aids, 
Miscellaneous Equipment, Demo 
kits etc. 

 1 3 
Co-partner 5 

SVVU 

7 Steam Path Pressurized Tank and 
Hydraulically Operated Filter 
Press 

 1 30 
Co-partner 6 

Rusni 

1 Laptop DELL 1525 Studio 26-12-2008 1 47,400 SVVU 

2 Sony VPL-EX5 Lcd/Data Projector 25-2-2009 1 48,422 SVVU 

3 Motorised glass beaded wall 
mount screen: 4’*6’ 

25-2-2009 1 23,000 
SVVU 

4 Mega power digital visual 
presenter 800 

25-2-2009 1 43,000 
SVVU 

5 Sony handy cam: DCR-SR65E 25-2-2009 1 29,600 SVVU 

6 Sony digital camera: DSC-W170 25-2-2009 1 10,990 SVVU 

7 LG Laptop –R- 40 2-3-09 1 37,273 SVVU 

8 A/C, 1 ton split-3HW121YB, Blue 
star 

16-3-09 1 22,500 
SVVU 

9 A/C,1.5 ton split-3HW181YB 16-3-09 3 79,500 SVVU 

 Supply and Erection of Complete 
Feed Manufacturing Machinery 
consisting Chopper Cum Grinder 
& Electrical works etc. 

2009 1 334305.00 

ILRI 

 Making and Supplying of N.A.- 
150 Expander/Extruder machine 
with complete standard 
accessories  

2010 1 612000.00 

ILRI 

 Cattle Feed Fodder Block 
Machine 

2010 1 5550000 
ILRI 

 Near Infrared Reflectance 
Spectroscopy (NIRS)-XDS rapid 
content analyser with XDS RCA 
with solids module, NIR standard 
reflectance basic and ISIS scan 
software 

2010 1 $ 86309.8 

ILRI 

 Supply and installation of 
electrical equipment, consisting 
of New Transformer, Outdoor 
Panels, Distribution Panels etc 

2010 1 886000 

ILRI 

 Brix Refractometer 2009 1 Rs. 45,935 CSIR-IICT 

 High Performance Liquid 
Chromatography (HPLC) 

2009 1 Rs. 
14,59,054 

CSIR-IICT 
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S. No. Name of the Equipment with 
Manufacturers Name, Model 
and Sr. No. 

Year of 
Purchase 

Quantity 
(Nos.) 

Total cost 
(INR in 
lakhs`) 

Responsible 
Partner 

 Multimode Fermenter 2010 1 Installation 
pending 

CSIR-IICT 

 Sugarcane crusher 2011 1 Rs. 41,600 CSIR-IICT 

 Shaker Incubator 2010 1 Rs. 
5,04,890 

CSIR-IICT 

 Equipment (Make & Model)    CRIDA 

1 CRUSHER, M/s Karajgar Agro 
Industries (3No.) 

2008 3 2.34  
CRIDA 

2 4-roller CRUSHER, M/s Karajgar 
Agro Industries 

2008 1 0.95 CRIDA 

3 Reaper- M/s LTC FEEDER’s LTD 2008 1 1.12 CRIDA 

4 Power weeder, M/s Karshak & 
Sons 

2009 1 0.2940 CRIDA 

5 Power weeder, 5 hp Diesel 
engine, M/s Kisan kraft 

2009 1 0.899 CRIDA 

6 1 Mini Roto-Tiller cum 
intercultivator with 6.5 Hp Diesel 
engine. 2) Mini cultivator for 
intercultivation 4 HP Diesel 
Engine 2800 rpm 

2009 1 1.02 CRIDA 

7 Power weeder, 3.1 hp petrol 
start kerosene run- M/s ------- 

2009 1  CRIDA 

8 Self propelled toll bar with sweet 
sorghum harvesting attachment, 
M/s Yugavatar Mehar Baba Agri 
Machinery 

2009 1 0.96 CRIDA 

9 Self propelled toolbar with 6.5 
hp petrol engine 
1.Precision pneumatic planter 
attachment 
2.Precision inter-row cultivator 
attachment 
3.Sweet sorghum harvesting 
attachment 

2009 
 
 
 
 

1 1.40 CRIDA 

10 Sweet sorghum harvester 
(Reaper- 4HP) M/s Karshak & 
Sons,Hyderabad 

2009 1 0.9568 CRIDA 

11 Leaf stripper with 10 HP Electric 
motor- Farm Implements Pvt ltd, 
Chennai 

2010 1 1.36730 CRIDA 

12 Tractor Drawn pneumatic 
planter- M/s CIAE, Bhopal 

2009 1 0.77 CRIDA 
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S. No. Name of the Equipment with 
Manufacturers Name, Model 
and Sr. No. 

Year of 
Purchase 

Quantity 
(Nos.) 

Total cost 
(INR in 
lakhs`) 

Responsible 
Partner 

13 CRIDA 4 row, 6 row, 9-row 
planters- M/s CRIDA, Hyderabad 
(3 no.) 

2008 1 0.99 CRIDA 

14 Sucrolyser System (Digital 
Automatic Saccharimeter, 
Refractometer, Purity System 
with Software etc.) 

2009 1 18.69 
 

DSR 

15 Digital Hand Refractometer 
(Portable)  ; ATAGO INDIA Inst 
Pvt. Ltd. Mumbai 

2009 1 0.11 DSR 

16 Juice Extractor (3 roller) with all 
essential accessories; The Adarsh 
Engg. Works, Nagpur 

2009 1 1.06 
 

DSR 

17 Electronic Analytical Balance. 
Cap. 31 g  

2009 1 1.46 
 

DSR 

18 Minor and Need Based 
Equipments 

2009 5 1.11 
 

DSR 

 
 

(ii) Works 
 

S. 
No. 

Particulars of the Work,  Name and 
Address of Agency Awarded the 
Work 

Year of 
Work 
Done 

Quantit
y (Nos.) 

Total 
Cost 
(`) 

Responsible 
Partner 

      

1 Supply of window grills at LRS, 
Mahabubnagar (Balaraju, APGENCO 
and TRANSCO, R&B contractor, 
Kurnool) 

2011 - 17,500 SVVU 

2 False ceiling 
(Divya constructions, Balajinagar, 
Kukatpally, Hyderabad 

2011 - 471215 SVVU 

3 Extension and renovation of existing 
sheep shed-II at ILRI, Manmool 

2009 1 80899.18 ILRI 

4 Workstation cubicles made of pre-
laminated BSL particle board, post 
forming top with keyboard tray, 
drawer and CPU & UPS box standard 
size and chairs 

2009 6 100130 ILRI 

 
Laboratory renovation 

2009 1 1.1404 
 

DSR 
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(iii)  Revenue Generated 
(Details may be given on revenue generated in the sub-project viz., sale of seeds, farm 
produce, products, patents, commercialization, training, etc.) 

 

S. No. Source of Revenue Year Total amount 
(`) 

Responsible 
Partner 

1 Syrup and bagasse sales  2009-
2012 

3,27,576.00 ICRISAT/ILRI 

2 Sale of meat and live ram lambs 2011 32727 SVVU 

3 
Sale of seed 

2006-
2008 

3,00,000 
DSR 

 
(iv)  Livestock 
(Details of livestock procured/produced in the sub-project) 
 

S. No. Details of 
Livestock (Breed, 
etc.) 

Year of 
Procurement/Production 

Nos. Total Cost 
(`) 

Responsible 
Partner 

      

1 Procurement of 
ram lambs 

2011 30 63080 SVVU 

2 Procurement of 
ram lambs 

2012 21 53581.5 SVVU 

 

20.  Awards and Recognitions 
 

S. No. Name, 
Designation, 
Address of 
the Person 

Award/ 
Recognition 
(with Date) 

Institution/ Society 
Facilitating (Name & 
Address) 

Responsible Partner 

1 C. Ganesh Kumar, 
Senior Scientist, 
CSIR-Indian 
Institute of 
Chemical 
Technology, 
Tarnaka, 
Hyderabad 500 
607. 

Best Poster 
Award (30 Jan. 
2011) 

International 
Conference on Recent 
Trends in Renewable 
Energy Resources 
(ICR2ER), January 28–
30, 2011, Indo-German 
Nachkontakt 
Association (IGNA), 
Indian Institute of 
Chemical Technology, 
Hyderabad, India. 

CSIR-Indian Institute of 
Chemical Technology, 
Hyderabad. 
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21.  Steps Undertaken for Post NAIP Sustainability 
 
Action taken for post-NAIP sustainability of the sub-project activities:  
 
The prime objective of the project is to make the sweet sorghum ethanol value chain 
sustainable, which can be replicated elsewhere to benefit the farming communities across 
the globe. Based on the last few crushing seasons and analysis of the operations, we feel 
that the sustainability of the entire value chain can be achieved through the following 
approach: 
 
Sustainability in terms of technology 

 The crop production technology needs to focus on improving the sweet sorghum 
crop in the following areas by 
o Increasing crop yields in farmers’ fields;  
o Increasing the Brix percent in the stalk juice and percentage of juice in stalks; 
o Increasing harvesting window with variable maturity period;  
o Exploiting variability for juice storage quality; 
o Developing suitable machinery for mechanizing all the operations from sowing to 

harvesting. 

 The process technology of sweet sorghum ethanol needs to focus on 
o Reducing total investment costs; 
o Reducing the operating costs; 
o Increasing juice recovery; 
o Increasing fermentation efficiency. 

 
Sustainability in terms of inputs 

 Establishment of inputs supply systems for sweet sorghum cultivation, such as seed, 
fertilizers and pesticides; 

 Appropriate application of pest management practices and fertilizer management; 

 Mechanizing the production wherever feasible. 
 

Sustainability in terms of marketing of syrup/produce 

 Increasing syrup recovery by using efficient protocols;  

 Reducing syrup production costs by increasing processing efficiency; 

 Better pricing of syrup; 

 Exploring alternative markets for syrup in food additives, pharmaceuticals, 
beverages, and bakery and confectionery units.  

 
Institutional linkages for technical and financial support 

 Networking with R&D institutions for developing customized machinery for crop 
production and processing;  

 Developing business models for DCU and informing the financial institutions on the 
new business opportunities through funding for DCU establishment by farmers 
community/groups; 

 Policy makers, development organizations/NGOs informed about the opportunities 
in sweet sorghum ethanol value chain.   
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22. Possible Future Line of Work  

(Comments/suggestions of CPI regarding possible future line of work that may be taken up 
arising out of this sub-project) 

ICRISAT and consortium partners reviewed the project activities, considered the closure of 
the Rusni ethanol producing distillery in India and discussed options for continuation of the 
project. This brief note summarizes the progress made, lessons learnt, and way forward.  
 
Project in brief 

The project is studying two models for strengthening the sweet sorghum supply chain for 
ethanol production in Andhra Pradesh and Rusni Distilleries through: (a) a centralized model 
where farmers grow the crop and supply stalks directly to distillery; and (b) a decentralized 
model wherein the farmers grow the crop and supply stalks to a local (decentralized) 
crushing unit where the stalks are crushed, syrup produced and supplied to distillery for 
ethanol production.  
 
Progress and lessons learnt 

A Decentralized Crushing Unit (DCU) was established for syrup production in one of the 
cluster villages with the help of the Farmers Association in Ibrahimbad village. Sweet 
sorghum was grown by 100 farmers, the stalks crushed at the DCU and about 50 t of syrup 
produced and supplied to Rusni Distilleries for production of ethanol. The average crop 
productivity in farmers’ fields was around 20 t ha-1, while it was 35 t ha-1 in the best-bet 
practices in on-farm trials demonstrated by project staff. Some of the farmers sold the crop 
to dairy farmers for use as fodder and obtained higher prices (Rs 1100 to 1300 per ton as 
compared to Rs 900 per ton paid by DCU). In the centralized system with Rusni sweet 
sorghum was grown on more than 200 acres in 2008 under a stalk buy-back model. The 
stalk was procured by Rusni, crushed at the distillery and ethanol produced (the quantity of 
ethanol produced was not revealed by the distillery). In 2010, Rusni decided to not 
undertake the centralized area operations and closed the distillery. Several factors were 
responsible for closure by Rusni Distilleries: (a) low ethanol procurement price fixed by 
Government policy; (b) poor enforcement of mandated ethanol blending by the 
government; (c) conflict within the company management; and (d) paucity of working 
capital and management issues.   
 
Future options  

The closure of the Rusni distillery has hindered sweet sorghum cultivation by farmers. 
However, the multi-purpose nature of sweet sorghum (as fodder in addition to its use as 
feedstock for ethanol) provides other options for marketing the crop by farmers to enhance 
their income.  

 
Ethanol value chain: Despite the blockage of the ethanol value chain (which might be 
restored in a year or two upon the liberalized ethanol policy) the experiences of the project 
in AP state in India will be documented and shared with stakeholders and a policy advocacy 
document prepared to indicate what is required to make the sweet sorghum ethanol value 
chain viable in India.  

 
Fodder/Feed value chain: Increased demand for fodder in India is evident with growing milk 
and meat consumption associated with rapid income growth, urbanization and change in 
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food preferences. Further details on the demand, supply and pricing of fodder in India are 
provided in the appendix. Generally, the grain to fodder price ratio is declining over time 
due to growing demand for fodder. Sweet sorghum is in greater demand as evident by the 
fact that dairy farmers were offered higher prices for sweet sorghum green stalks. Sweet 
sorghum stalk is an excellent animal feed and it enhances milk production and body weight 
gain in animals when fed directly or fed in value added forms as evidenced by the work of 
International Livestock Research Institute (ILRI). Intake by animals of sweet sorghum stalks is 
higher than grain stover and also its digestibility is higher by 5-10% when compared to grain 
stover. A viable value chain around sweet sorghum stalk as fodder can be built through (a) 
linking the sweet sorghum farmers directly with the fodder agents/markets for supplying 
stalks, and (b) crushing sweet sorghum stalks at the DCU and making value-added fodder 
products from the bagasse and supplying them to nearby dairy industries.  
 

23. Personnel 
(Staff of Lead Centre & Partner-wise, their Name, Designation, Discipline and Duration) 
 

 From – To (DD/MM/YYYY) 

Research Management (CL)  

1. Dr William D Dar Director General, ICRISAT 

Scientific (CPI, CCPI, others)  

2. Dr Belum VS Reddy (ICRISAT) Principal Scientist (Breeding), 
ICRISAT and CPI 

3. Dr SP Wani Asst. Director (RPWS), ICRISAT, 
Co-CPI 

4. Dr A Ashok Kumar (ICRISAT) Senior Scientist (Sorghum 
Breeding), ICRISAT 

5. Mr P Parthasarathy Rao Asst. Director (MIP),ICRISAT 

6. Dr G Basavaraj Scientist (Economics), ICRISAT 

7. Dr Ch Ravinder Reddy (ICRISAT) Senior Scientist (Technology 
Exchange), ICRISAT 

8. Dr S Marimuthu (ICRISAT) Scientist (Agronomy) – From start 
of project up to April 2010, 
ICRISAT 

9. Dr Gajanan L Sawargaonkar (ICRISAT) Scientist (Agronomy) – From May 
2010 to 30 June 2012, ICRISAT 

10. Mr Karuppan Chetty Senior Manager, AIP, ICRISAT 

11. Dr Ahmed Kamal (CSIR-IICT) 20-12-2007 – 30-06-2012 

12. Dr C Ganesh Kumar (CSIR-IICT) 20-12-2007 – 30-06-2012 

13. Dr R Nageswar Rao (CSIR-IICT) 20-12-2007 – 30-06-2012 

14. Dr I Srinivas Senior Scientist (FMP)CRIDA, 20 
December 2007 to 30 June 2012 

15. Dr GR Korwar Head, DRM : Associate (CRIDA)  

16. Dr B Sanjeeva Reddy  Senior Scientist (FMP), Associate 
(CRIDA)  

17. Dr  RV Adake Scientist SG (FMP): Associate 
(CRIDA)  
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 From – To (DD/MM/YYYY) 

18. Dr SS Rao (DSR) DSR 

19. Dr AV Umakanth (DSR) DSR 

20. Dr Nalini Kumari Senior Scientist, SVVU 

21. Dr Y Ramana Reddy Senior Scientist, SVVU and ILRI 

22. Dr Michael Blümmel  Principal Scientist (AN), ILRI 

Technical  

23.  Mr Ganender (ICRISAT) From start of project up to April 
2010 

24. M/s E Pavani (ICRISAT) From May 2010 to 30th June, 2012 

25. Mr Mukund Reddy (ICRISAT) ICRISAT 

26. Mr Krupender  (ICRISAT) ICRISAT 

27. Mr William Luke(ICRISAT) ICRISAT 

28.  T Monika, Research Associate, (SVVU) 30 June 2008 to 31 May 2012-
SVVU 

       20.Dr M Sai Butcha Rao, Research Associate 
           (ILRI) 

 23 September 2009 to  30 June 
2012, ILRI 

29. Ms CVS Jahnavi (IICT) 16.07.2008 – 15.01.2010 

30. Mr S Govind (IICT) 10.05.2008 – 24.07.2009 

31. Ms Afroze Fatima (IICT) 09.10.2009 – 08.10.2010 

32. Ms Soma Gupta (IICT) 01.03.2010 – 30.06.2012 

33. Ms M Jayalakshmi (IICT) 11.10.2010 – 30.06.2012  

34. S Veeradas, Technical Officer (CRIDA) 20-12-2007 - 30-07- 2012 

35. Krishna, Technician (CRIDA) ,, 

36. Ch. Mukund (CRIDA) ,, 

37. Wasim Ahmed  

38. Kaushik Basu  

CONTRACTUAL  

39. Mr Chandra Sekhar Reddy (DSR)  

40. Mrs Rani Chapara (DSR)  

41. Mr Vijay (DSR)  

42. Tanmay (DSR)  

43. Mr Chandra Sekhar Reddy (DSR)  

44. Mr Baskar Rao  

 

24. Governance, Management, Implementation and Coordination 
A.   Composition of the various committees (CIC, CAC, CMU, etc.) 

S. No. Committee Name Chairman 
(From-To) 

Members 
(From-To) 

1. CIC Belum VS Reddy, Chairman 
SS Rao, Member 
I Srinivas, Member 
Ahmed Kamal, Member 
Michael Blummel, Member 
Y Ramana Reddy, Member 
AR Palaniswamy, Member 

20 December 2007 to 30 June 
2012 
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S. No. Committee Name Chairman 
(From-To) 

Members 
(From-To) 

    

2. CAC Dr ST Borikar, Chairman 
Prof. JP Mittal, National 
Coordinator, Component 2, 
NAIP  
Dr RV Vidyabhushanam, 
Member 
Mr B Kimlal, Member 
Mr B Narsimhulu, Member 
Mr P Bala Krishna Reddy, 
Member 
Mr Manne Narsimlu, 
Member 
Ms K Nagamani, Member 
Dr CLL Gowda, Leader, GT-CI, 
Member 
Dr Belum VS Reddy, Member 
Secretary 

20 December 2007 to 30 June 
2012 

    

3. CMU Dr CLL Gowda, Chairman 
Dr Belum VS Reddy, Member 
Dr Parthasarathy Rao, 
Member 
Dr SS Rao, Member 

20 December 2007 to 30 June 
2012 

 
A.   List of Meetings organized (CIC, CAC, CMU, etc.) 

S. No. Details of the meeting  Date Place & Address (Where meeting 
was organized) 

1. CIC  18/01/2008; 
28/03/2008; 
05/05/2008; 
06/06/2008;  
11/08/2008;  
08/12/2008;  
26/02/2009; 
21/04/2009;  
08/09/2009;  
07/01/2010; 
27/03/2010; 
29/07/2010; 
01/12/2010; 
25/02/2011; 
11/03/2011;  
15/05/2012 

ICRISAT 
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S. No. Details of the meeting  Date Place & Address (Where meeting 
was organized) 

2. CAC 18/01/2008; 
06/06/2008; 
21/04/2009: 
27/03/2010; 
11/03/2011; 
15/05/2012 

ICRISAT 

    

3. CMU 18/01/2008; 
06/06/2008;  
11/08/2008; 
08/12/2008;  
21/04/2009;  
08/09/2009; 
07/01/2010; 
27/03/2010; 
29/07/2010; 
01/12/2010; 
25/02/2011; 
11/03/2011; 
15/05/2012 

ICRISAT 

 



97 

 

 

25. Annexure 1: Schematic representation of value chain models 
 
 

I. Introduction  
 

Technological change, competition and globalization are leading to a restructuring of agri-

business research and development processes and strategies across the world. Technology 

transfer is not simply copying technologies passively from others, but an active and creative 

process of adaptation that recognizes indigenous capabilities. The establishment of small-

scale industries in rural areas will help in reducing poverty and unemployment. At the same 

time, it is an efficient way of preventing migration from the rural areas to urban by creating 

new employment opportunities in the villages. The majority of rural populations in 

developing countries as well as in least developed countries are lacking agro-based small-

scale enterprises that give judicious income to farmers through value addition to their agri-

produce. What is needed is a fresh and comprehensive approach, integrating crop 

production enhancement and value addition of the produce through village-based agro-

industries, involving farmers as stakeholders in processing their own produce.  

 

The advantages of small-scale agro-industries are that they: (i) do not require a large 

amount of capital and high technologies; (ii) can create employment facilities with a 

relatively small investment; and (iii) are flexible enough to adjust to changing conditions 

during periods of economic recession or crises. Therefore, a business model for small-scale 

farmers that helps them add value to their produce will result in improved livelihoods and 

help in protecting the environment at the same time.  

 
 

II. Background and rationale  
Food and energy security are critical for the sustenance of modern civilization. Considering 

the volatility in the availability of fossil fuels, their costs and the associated environmental 

pollution, there has been renewed interest in biofuels globally. Biofuel crops, particularly 

sweet sorghum, offer dryland farmers an opportunity to increase their income while at the 

same time protecting the environment without sacrificing food and fodder security. Sweet 

sorghum is a C4 plant with high photosynthetic efficiency. It produces high biomass (up to 

40-50 t ha-1) in a short time (four months) under rainfed conditions. It is a SMART crop that 

produces food, feed, and fuel at one go (grain for food, sweet juice for ethanol after 

fermentation and bagasse for animal feed/compost).  

 

ICRISAT is working on sweet sorghum improvement and has incubated the sweet sorghum 

ethanol production technology with Rusni Distilleries through its Agri-Business Incubator. 

The sweet sorghum ethanol distillery established by Rusni Distilleries Pvt. Limited took 

advantage of this value chain model. The chain of project activities involved in producing 

sweet sorghum-based bioethanol encompasses capacity building of stakeholders in sweet 

sorghum crop production, stalks harvesting, and transportation; forward linkages with 
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private sector (distillery) for crushing and processing of the juice for ethanol production and 

decentralized stalks crushing and syrup making at village, and supplying syrup to various 

end-users. A consortium of partners including ICRISAT, National Agricultural Research 

Services (NARS), private sector, NGOs, and farmers associations actively contributed in 

developing this value chain.  

 

An assured supply of raw materials is critical for the success of any industry. Sweet sorghum 

being a season-bound crop, its stalks are available for crushing only for a limited period (3-4 

months) during different seasons of the year. To ensure a viable ethanol industry, assured 

and continuous supply of raw material is essential for at least 8-9 months of the year. 

Therefore, to extend the period of raw material availability, ICRISAT is working on both 

centralized (farmers supplying stalks directly to distilleries) and decentralized (farmers 

supplying stalks to the village level crushing units) models for the benefit of farmers and 

industry. A combination of the two models, centralized and decentralized, helps in supply 

chain management.  

 

III. Value chain models  
1. Centralized model  

While centralized distilleries crush the stalks in bulk quantities and produce ethanol, the 

decentralized units crush the stalks at the village level and convert the sweet juice into 

syrup. The centralized model requires high volumes of stalk and the costs of transportation 

therefore are high (Fig. 1).  
 
A) Rationale  

In the centralized model, a typical 40 kilo litres per day (KLPD) ethanol distillery requires 

feedstock from 8000 ha of crop area per year spread over two seasons – 3500 ha in the 

rainy season (rainfed) and 4500 ha in the postrainy season (irrigated). As farmers supply 

stalks directly to the distillery, it requires mobilization of farmers in villages within 50 km 

radius of a distillery so that the time for, and cost of, transportation of stalks is kept at a 

minimum.  

 

However, the centralized model has some limitations:  

 Farmers located more than 50 km from the distillery will be burdened by high 

transportation costs owing to the bulk of stalks;  

 Delay in crushing stalks beyond 24 hours of harvest causes a 6% reduction in juice 

yield;  

 Delay in transportation of stalks to distilleries by 24 hr after harvest leads to 

reduction in stalk weight up to 20%, depending on climatic conditions causing 

financial loss to the grower.  
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Centralized Model - TCL 

Selection of  villages

/farmers (within 50 km)
Farmers

Inputs linkages

Seed, fertilizers,

technical support 

by TCL/ICRISAT 

On-farm trials

TCL- Distillery

Ethanol

Harvesting and 

Transportation 

by TCL

Co-generation Bagasse

Backward linkages

Best-bet practices

Capacity building

TCL-Farmer Buy-back 

agreement

Forward Linkages

Enhance stalk 

productivity

Juice extracted 

from stalks

 

Figure 1. Centralized model: linking farmers to distillery 

 

 Finding 4500 ha with irrigation facilities within the stipulated radius during the postrainy 

season is a daunting task in SAT areas. Organizing such a large number of farmers to 

undertake sweet sorghum cultivation is also difficult.  

 Growing other crops such as soybean, maize, rice and wheat may be more economical 

than sweet sorghum under irrigated conditions.  

 

The decentralized model overcomes some of these difficulties.  
 
B) Institutional arrangement for linking farmers to biofuel industry  

Under the centralized model, a cluster of villages within a radius of 50 km from the distillery 

is targeted to grow the crop and transport sweet sorghum stalks to the distillery within 24 

hours of harvesting to prevent losses in juice recovery and quality. Typically, agro-

processors have to run the processing unit to full capacity; otherwise it will not be 

economical for them. The processing unit needs continuous supply of quality raw material 

round the year. Companies cannot produce required amount of raw material by themselves, 

as land is a constraint for them. Companies are therefore entering into contractual 

agreements with the small farmers to overcome the land constraint. Contract farming has 

been adopted as a form of commercial agricultural production since many years and both 

the companies and farmers benefit from it.  

 

Production activities must be seen as part of the whole supply chain to ensure sustainable 

income growth of farmers. “Linking farmers to markets” will develop long-term business 
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relationships among farmers and different stakeholders as it includes backward and forward 

linkages for sustainable livelihoods through value addition and harnessing Public-Private-

People Partnerships (PPPP). This type of linkage model is beneficial for all stakeholders who 

are involved in it either directly or indirectly. Stalks buyers (distillery) provide all inputs 

(seeds, fertilizers, pesticides and weedicide) on credit basis as well as technical guidance to 

farmers to enhance productivity, during harvesting and in supplying stalks to the distillery. 

The ICRISAT-Rusni partnership provides improved crop production technology and technical 

backstopping to the partners and farmers on various activities in the ethanol value chain. 

The model developed was used for scheduling of feedstock growing and supply to the 

industry during different crop seasons (based on multilocation on-farm evaluation for 

identifying suitable sweet sorghum cultivars and agronomic manipulation to increase the 

harvest window). The farmers were linked to the distillery through a signed buy-back 

agreement for smooth supply of inputs to farmers and stalks to distillery. Inputs are 

supplied to farmers on credit basis and the cost of inputs was recovered from the cost of 

stalks supplied to the distillery.  

 

Farmers’ associations were formed and strengthened to develop negotiation skills so that 

they can have an edge over buyers in dealing with contract agreement. Mutual trust is the 

key factor for successful business relations among the parties involved in linkages and 

linkage activities have to concentrate on developing trust. The private sector needs to play a 

key role in fostering linkages with the farming community, but the government can improve 

efficiency of linkages by providing required infrastructural facilities and policy framework.  
 
 
C) Issues in the centralized model  

 Fixing stalk procuring price by the distillery;  

 Timely harvesting and transportation of stalks to distillery;  

 Quality of stalk based on sugar content (Brix %);  

 Staggered planting for continuous stalks supply;  

 Availability of cultivars of varying maturity period (early- <90 days; medium- 90 to 

120 days; late- >120 days) for widening the harvesting window;  

 Availability of cultivars for postrainy season cultivation;  

 Stability of fermentable sugars in juice and syrup.  

 
 
2. Decentralized Crushing Unit Model  

 
A) Rationale  

The purpose of setting up decentralized crushing units (DCU) at the village level is to crush 

sweet sorghum stalks, extract and boil the juice to produce syrup. It aids the supply chain 

management particularly by reducing the volume of feedstock that would otherwise have to 

be supplied to centralized crushing units and increasing the period of feedstock (supply of 

syrup) availability to industry to make sweet sorghum ethanol a commercial reality. The by-

product, bagasse (crushed stalk) is left in the village to be used as animal feed or as organic 
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matter to enrich the soil. This paves the way for a more efficient whole-plant utilization of 

sweet sorghum. Also, the DCU serves as a model for farmer-centric, farmer-driven rural 

industry for improving the livelihoods of small-scale sorghum farmers (Fig. 2).  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Decentralized model: Linking farmers to DCU 

B Farmer linkages 

Under the decentralized model, villages located at more than 50 km distance from the 

distilleries (TCL-Nanded) will be served by decentralized crushing units (DCU) managed by 

farmers group/micro-entrepreneurs for extracting the juice and syrup production from 

sweet sorghum stalks in the village itself.  

 

The model strengthens the farmers through capacity building and linking farmers to input 

supply agencies including credit/financial institutions and output markets. Initially the 

project supplies all inputs to participating farmers at the right time and facilitates the 

signing of a stalks buy-back agreement with pre-agreed stalk procurement price and 

recovery of all input cost from the farmers after crop harvest and supply of stalks to the 

DCU. The model also envisaged linking the DCU with the distillery through a buy-back 

agreement for supply of syrup on a pre-agreed price.  
 
C Issues with DCUs 

 High initial investment for the establishment of DCU;  

 Assurance by distillery only for small quantities of syrup procurement from DCU;  

 Criteria for price fixation for syrup for industry and payment schedule; 

 Basis for payment to farmers (stalk weight, syrup [Brix %] or any other);  

 Procedure for giving back bagasse to farmers or use of bagasse by the DCU.  
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D) Establishment of DCUs  
 
i) Selection of villages and site for DCU  

An exhaustive survey needs to be conducted to select appropriate villages for establishing 

DCUs for syrup production. In the ICRISAT-NAIP (National Agricultural Innovation Project) 

initiative on ‘Sweet Sorghum Ethanol Value Chain Development’ the villages were selected 

on the basis of (i) their accessibility; (ii) natural resources (soil, water, topography, etc.); (iii) 

social harmony; (iv) dryland cropping systems; (v) sources of irrigation; (vi) farmers’ 

response to the idea and their willingness to participate in the project activities; and (vii) the 

feasibility of growing sweet sorghum and finding a suitable site for setting up a DCU. 

Scientists from ICRISAT and a non-governmental organization (NGO) teamed up to select the 

villages and to identify an appropriate site for establishing the DCU. After the 

reconnaissance survey in different areas of Medak district in Andhra Pradesh, India, 

tentative clusters of villages (Ibrahimbad, Erragunta Thada, Seethaya Thanda, Durgaya 

Thanda, Umla Thanda, Sikindalpur Thanda and Laxman Singh Thanda under Narsapur 

Mandal) were identified. In-depth discussions were held with the village administration, i.e. 

the village sarpanch, secretary, village leaders and lead farmers in the cluster villages to 

obtain basic information on cropped area, crops grown, irrigated area, types of soil, yields of 

different crops, markets, political affiliations and the possibility of securing panchayat land 

(community land) to set up the DCU.  

 

After analyzing the merits and demerits of the different clusters, it was found that the 

Ibrahimbad cluster in Medak district was suitable for large-scale sweet sorghum cultivation 

and for establishing the pilot DCU. Subsequently, seven villages were identified (Table 1) in 

this cluster within a 5-7 km radius from Ibrahimbad, the nucleus village.  
 

Table 1. Total number of villages and households in Ibrahimbad cluster 

S. No.  Village name  Number of households  

1 Ibrahimbad 192  

2 Errakuntla Thanda 67  

3 Seethya Thanda 21  

4 Durgaiah Thanda 20  

5 Umla Thanda 19  

6 Sikindlapur Thanda 123  

7 Laxman Thanda 54  

 Total 514  

 

As there was no panchayat land available in the village, a couple of farmers offered their 

land on lease for establishing a DCU. Of three sites inspected, an easily accessible tract of 

land with a power line, water facility and a blacktopped approach road was chosen. The 

owner of the site agreed to lease 0.4 ha of land for a five-year period @ Rs 10,000 (USD 200) 

per annum. It was proposed at the meeting that the lease amount would be paid by the 

group of sweet sorghum farmers and this was agreed upon unanimously by the farmers. The 
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land owner agreed to abide by the village farmers’ decision on the annual land rent, and the 

concurrence of the gram sabha (village meeting) was taken to this effect. A lease agreement 

was signed between the land owner and the farmer group in the presence of the village 

administration to facilitate the establishment of the DCU.  

 
ii) Design and layout of the site 

ICRISAT and partners jointly designed the DCU layout plan to position plant and machinery 

for easy and convenient operations of weighing, crushing and chaff cutting (the bagasse). 

The site is close to Ibrahimbad village and located alongside a main road that connects the 

cluster village to the Narsapur Mandal headquarters in Medak district, Andhra Pradesh. It 

has water facility and a power connection. Based on the dimensions of the site, the layout of 

roads, location of the crusher and other machinery was planned (Fig. 3).  
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 Figure 3. Layout of the decentralized crushing unit at Nankheda village, Parbhani 

iii) Plant and machinery  

In order to procure reliable and efficient machinery for the DCU, enquiries were made with 

local jaggery making farmers and industry personnel. The following pieces of equipment and 

machinery were procured for the DCU:  

‧ Crusher  

‧ Weigh bridge  
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‧ Generator  

‧ Chulhas (stoves)  

‧ Juice boiling pans  

‧ Juice boiling accessories (stirrer, dragger, sieves and scum storing drum)  

‧ Electric motors and pumps  

‧ Supply pipelines  

‧ Juice storage tank  

‧ Steel baskets  

‧ Motors.  

 

a) Crusher: The crusher is an important component of the DCU. It is required to crush the 

sweet sorghum stalks to extract the juice. In this project, a popular sugarcane crusher model 

with three rollers, 2 t hr-1 crushing capacity was chosen after consultations with local 

dealers, jaggery making farmers and a couple of crusher manufacturers. To improve the 

crushing efficiency, the rollers of the crusher were modified to suit sweet sorghum stalks to 

increase juice extraction. The crushing efficiency is calculated by the quantum of juice 

extracted from a ton of stalks, which varies with the genotype, season of crushing and time 

laps between harvesting and crushing. The modified crusher efficiency was 300 liters t-1 of 

stalk compared to sugarcane crusher which was around 260 l t-1. The crusher being critical in 

DCU should have minimal maintenance costs and relatively fewer mechanical problems. Its 

spare parts and repairing facilities are easily available. The specifications of the crusher are 

presented in Fig. 4.  

 

The crusher at DCU-Nankheda, Maharashtra, has a capacity of 2 t hr-1. It can be operated 

with a 25 hp electrical motor connected with a pulley and V-belts. During crushing, the juice 

flows through a preliminary juice collection and filtration pit beside the juice outlet channel. 

From this outlet, the filtered juice flows into a juice collecting drum (900 l capacity) placed 

beneath the soil surface for convenience. The juice collected in the drum is pumped by a 

motor into boiling pans through an industrial hosepipe.  

 

b) Weigh bridge: Farmers bring their stalks in tractors, bullock carts and sometimes on 

trucks. It is important to weigh the stalks coming to DCU for crushing as payments to 

farmers will be made based on the quantity of fresh stalks they supply to DCU. In this 

project, we installed a surface mounted weigh bridge with a capacity to weigh up to 50 tons 

stalk load. If a weigh bridge facility is available within the village limits or nearby DCU, such 

an investment can be avoided. The weight of the stalks are recorded in a computer attached 

to the weigh bridge which issues stalk weight slips with the farmer’s name and other details.  

 

c) Generator: Three-phase (industrial) power supply is required to run the crusher. That 

makes it convenient and cheaper. There was no industrial power line close to the village, 

and there is frequent power shutdown in rural areas. Hence, power supply to the DCU was 

arranged by installing a captive 40 KVA generator. DCU operations were seasonal and 

operated 30-40 days a year in the rainy season.  
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d) Chulhas: These are earthen stoves for boiling the juice. They are made of bricks and 

cemented with pressed mud. Each chulha measures 2 m in diameter, and is embedded at 1 

m ft. depth beneath the soil surface. An exhaust outlet 3 m high was erected 2 m from the 

chulhas, also made of bricks and pressed mud. Each chulha has a 3 m-long air passage 

channel below the soil surface connecting the stove and exhaust tower. The bagasse feeding 

opening is of 0.4 m length, located at the rim of the chulha.  
 

e) Boiling pans: The standard sugarcane juice boiling pans were adopted. They are made of 

18 gauge thick galvanized mild steel sheets, with a diameter of 2 m and a depth/height of 

0.5 m. Each pan can hold 700-750 liters of juice per cycle. The boiling pan has to be put 

aside for cooling of syrup before filling syrup into plastic cans for storage. One additional set 

of boiling pans are necessary for the convenience of continuous operations.  
 

f) Juice boiling accessories: Several small tools are needed for syrup production. Metallic 

sieves are required to remove unwanted contaminants floating on the surface of the boiling 

juice and to remove the froth or scum which rises to the surface during boiling. Wooden 

draggers are needed to scrape the bottom of the pan and to stir the juice frequently. A scum 

storing drum is used to collect the scum removed during boiling. All these accessories are 

custom made locally.  
 

g) Motors, juice collection tank, steel baskets and pipeline: Motors are required to lift and 

pump juice from the juice collection tank to the boiling pan with a hose pipe. The juice 

collection tank is placed near the crusher (in a pit) connected with an outlet pipeline from 

the crusher delivery channel. Steel baskets are used to shift the bagasse from the crushing 

site to the drying yard.  
 
iv) Other facilities  
 

a) Water: Fresh water is required for cleaning the crusher, boiling pans and other tools 

every day. A reliable water facility and a motor to pump this water is a prime requirement. 

For this project, we used the water from the lease farmer’s bore well.  
 

b) Technician: Trained local technicians must be engaged for maintenance of the plant and 

machinery and troubleshooting. We made arrangements with local technicians to render 

their services as and when required.  
 

c) Sheds: It is important to protect the chulhas and crusher from the rain and sun. Also, 

erecting a shed with tin or asbestos sheet roofing will enhance labor efficiency.  

 

IV. Command area development  
 
The sweet sorghum command area needs to be developed to meet the raw material 
requirement of the DCU. In the present project, as there was a limited area available under 
irrigation, major emphasis was placed on sweet sorghum cultivation in the rainy season. 
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Inputs like seed, fertilizer and herbicide were supplied on credit to enable local farmers to 
cultivate sweet sorghum. The costs of the inputs were recovered while making payments for 
the stalks supplied by farmers to the DCU for crushing. Appropriate capacity building 
activities like awareness camps, exposure visits, on-farm and on-station training programs 
on crop production, integrated pest, disease and nutrient management practices, farmers’ 
participatory field trials and demonstrations in the cluster villages were undertaken to 
enhance productivity.  
 
Under the present project, the services of an NGO, and farmers’ association were utilized to 
complement the project team particularly on identification of participating farmers, supply 
of seeds and other inputs, in staggering the planting and ensuring that the farmers adhered 
to the recommended package of practices (thinning, weeding, topdressing, etc.) for 
production enhancement and developing harvesting schedules for the supply of sweet 
sorghum stalks to the DCU. The objective of including the NGO and farmers’ association in 
project activities from the beginning of the project and in all activities is to strengthen these 
community based organizations (CBOs) in operation and management of the DCU, so that 
these stakeholders will continue the project activities even after completion of the project 
period to sustain project interventions.  
 
 

V. Crushing and syrup production  
 
1) Procurement of raw materials  
 

Procurement of raw materials is critical to the success of the model as it involves winning 

the confidence of farmers through timely harvest (Box 1), stalk procurement and prompt 

payment. Under the ICRISAT–National Agricultural Innovation Project under the aegis of the 

Indian Council for Agricultural Research (ICRISAT-NAIP-ICAR), the services of Farmers’ 

Association were used to link the farmers to the DCU. This involved community mobilization 

for various activities of the project including scheduling the harvesting process to facilitate a 

steady supply of stalks for crushing at the DCU (Box 1) and payments for stalks were made 

on pre-agreed price (buy-back agreement) per ton of stalk.  

 
Box  1  

Stalk supply work contract model  

Issues: During 2008 (the first year of project implementation) some difficulties were 

observed in harvesting of stalks, loading, transporting, unloading and crushing of stalks 

leading to delayed crop harvesting, delayed transport, delayed crushing and finally low juice 

recovery due to desiccation of stalk. The labor problem was rampant in all the project 

villages and it also coincided with harvesting of paddy crop in the villages.  

Educating farmers: The crushing capacity at DCU was increased by 50% by adding additional 

crusher for 2009 season. All the farmers were educated from day one during the 2009 

season on how the sweet stalks should be harvested at the right time (physiological 

maturity) and the stalks should be transported to DCU on the same day on a cart-by-cart 
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basis soon after harvesting. They were also told that attending to harvesting on time and 

transporting it in this way to the DCU would help to retain the original weight of the crop.  

Innovation: Looking into the economics of syrup production, timely harvesting, stalk supply, 
crushing and converting into syrup on the same day is beneficial for both the farmers and 
the syrup making unit. Keeping in view the requirements of the DCU and prevailing labor 
problems, the project and sweet sorghum farmers in the village evolved a work contract 
model through negotiations with the bullock cart owners that involves harvesting, loading of 
stalks in farmers field, transportation and unloading of stalks at DCU at one go by the cart 
owners/their appointees. ICRISAT scientists and AAI facilitated the dialogue between bullock 
cart owners and farmers to arrive at a common price for the entire task. As per this 
understanding, the farmers have to pay the contractor Rs 220 per ton of stalk for the entire 
task. It is being run smoothly. 

 
Benefits:  

‧ The sweet sorghum crop was harvested in a timely manner. 

‧ There was no time lag between harvesting of stalks and their transportation to DCU.  

‧ Timely crushing of stalks at DCU led to increased juice recovery.  

‧ This enabled farmers to attend to other work (most farmers are working at DCU during 

this period).  

‧ This served in giving gainful employment to a group of laborers through sweet sorghum 

harvesting and transportation.  

‧ There was increased efficiency of the DCU in terms of timeliness of operations like 
crushing stalks and producing syrup.   

 

 

2) Crushing  
 

Sweet sorghum stalks should be crushed on the same day of harvesting. Any delay in 

crushing results in low juice recovery and eventually low syrup yield. The DCU established at 

Ibrahimbad village, Narsapur Mandal, Medak district, Andhra Pradesh, has the capacity to 

crush 2 t hr-1 and can crush stalk from a 25 -30 ha area during the rainy season (kharif) in 30 

days of operation working one shift of 8 hours per day. Usually the start of crushing 

operations depends upon the sowing date and generally the crop is harvested at 

physiological maturity (110 days after sowing). The juice yield depends on cultivar, time of 

harvest (age of crop), duration between harvest time and crushing, and temperature. 

Generally sugarcane crushers are used for crushing sweet sorghum; here, however we have 

modified the crusher rollers to improve crushing efficiency (Box 2).  

 
Box 2  
Improved efficiency of the crusher  

The development of a high juice recovery 3-roller crusher with 25 h.p. motor was developed 
with the help of a private sector company, Adarsh Engineering Company, Nagpur, 
Maharashtra. The rollers of the crusher were designed specifically for sweet sorghum so as 
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to crush the stems completely, as sweet sorghum stems are softer than those of sugarcane. 
The grooves on the rollers are flat with a channel on either side to drain out the juice 
conveniently. As a collective effort (public-private-partnership), the crusher was evaluated 
for its performance using different cultivars, which were crushed 24 hr to 36 hr after 
harvest. It was observed that the average juice recovery from the sweet sorghum cultivars 
(RSSV 9, CSH 22SS and ICSV 93046) ranged from 350 to 425 l t-1 of stalk. The percentage 
increase in juice recovery when compared to the sugarcane crusher (260 l t-1) was found to 
increase by 34%. With this increased efficiency, the average productivity of syrup has 
increased by 25% and overall syrup production cost has decreased by 22%. This innovation 
will have a positive effect on viability of DCU operations and economics. 

 
3) Bagasse  
 

The solid bagasse which remains after crushing sweet sorghum stalks is a by-product of the 

DCU which has several potential uses. Bagasse is used as fuel in chulhas at DCU for boiling 

juice in syrup making. Other potential use is as a source of animal feed, directly after 

chopping or after ensiling. It has also been used as a source of pulp for the paper industry. 

At DCU, 50% of bagasse is consumed as fuel for making syrup and the rest as fodder for 

livestock supplied to farmers and fodder agents (Box 3).  

 
BOX 3  

Bagasse as fodder  

Issues: During 2008 (the first year of project implementation) some difficulties were 
observed in sweet sorghum bagasse utilization. A large amount of bagasse piled up while 
crushing the sweet sorghum stalks for juice extraction. Though we encouraged the farmers 
to take the bagasse for use as animal feed, they did not come forward with the 
apprehension that animals don’t like the bagasse. We have since conducted on-farm 
experiments with farmers’ participation where the bagasse was fed to their milch cattle that 
demonstrated higher intake by the animals which resulted in increased body weight, milk 
output and marginal increase in fat content of the milk.  
Educating farmers and fodder agents: Keeping in view our experiences during the 2008 
rainy season, we started sensitizing farmers about the advantages of using sweet sorghum 
bagasse as animal feed from the beginning of the 2009 rainy season. Simultaneously, we 
also sensitized the fodder agents who supply the sorghum stover to the dairy industry in 
Hyderabad on the utility and markets opportunities of sweet sorghum bagasse as animal 
feed.  
Innovation: Our partners SVVU and ILRI took a lead role in facilitating fodder value chain 
development. ILRI installed a chopper at the DCU to chop the fresh and dried bagasse. The 
fodder agents were roped in from the beginning of the crushing season and supplied with 
the samples of fresh and chopped bagasse. The fodder agents arranged to lift the fresh 
bagasse immediately after crushing from DCU and supply to private dairy farms on the same 
day. The agents initially offered Rs 0.5 kg-1 for the bagasse citing that it may not be favored 
in the fodder market. But on the contrary, by the end of the crushing season the consumers 
demand for sweet sorghum bagasse went up and agents offered Rs 1.2 kg-1. The demand for 
bagasse has given a clear indication that private dairy farms prefer sweet sorghum bagasse 
to other feeds. Therefore, there is a great scope for promoting sweet sorghum bagasse as 
animal feed through innovative linkages and value chain development.  
Benefits:  

‧ Sweet sorghum bagasse augments the fodder requirements of the farmers.  
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‧ It makes available a new fodder variant in the market.  

‧ It creates an opportunity for additional incomes to farmers.  

‧ Increased availability of fodder in the fodder market.  

‧ Safe disposal of sweet sorghum bagasse at the DCU. 

4) Syrup making  

A. Syrup making process  

 

The syrup making process involves collection of juice from the crushing point and boiling it 

to evaporate the water and concentrate the sugars in the juice. The juice from the crushing 

point is pumped to the boiling pans for making syrup with constant boiling and stirring. 

Chemicals like calcium (garika soda), castor oil, limestone, super phosphate and okra (lady’s 

finger) fruit powder are added to the boiling juice in different concentrations to avoid froth 

formation and for coagulation of unwanted materials that float on the surface of the boiling 

juice (Box 4).  

 

BOX 4  

Producing syrup from sweet sorghum juice  

1. Extraction of juice 

The ear heads are harvested at physiological maturity, followed by stalks which are 
transported to DCU for crushing and extraction of juice. The percentage of juice extracted 
depends on the time lag between harvesting and crushing. A 24 hr to 48 hr delay in crushing 
will result in reduction of juice output by 20-30% depending on relative humidity and 
temperature as well as the crusher type. Generally sugar cane crushers yield 260 l t-1 of 
stalk. A modified crusher developed for crushing sweet sorghum stalk yields 350-425 l t-1 
stalk. In large scale crushing the average juice production was 300 l t-1 stalk.  

2. Filtration of juice  

‧ The juice extracted from the crusher is strained through a wire screen to remove big 
particles of crushed material  

‧ The juice is again filtered using fine wire mesh before allowing it into juice collection tank 
to remove all the solid particles present in the juice.  

‧ After crushing, the juice has to be boiled immediately to stop the fermentation process to 
restore the conversion of fermentable sugars.  

‧ The juice extraction and pumping of juice into pans is a simultaneous process to stop 
fermentation.  

3. Boiling of juice  

The extracted juice is transferred to boiling pans that have the capacity to hold 700 l. The 
following precautions are taken at this stage:  

‧ Steady evaporation is the most important process of making syrup;  

‧ Evaporation should be done with uniform heating for obtaining good quality syrup;  

‧ Slow heating is required to prevent syrup from burning;  

‧ Initially coagulation starts when juice temperature increases;  
‧ As the temperature increases during boiling the juice scum is formed on the surface of the 

juice which is removed;  
‧ Syrup quality improves with continuous removal of coagulated materials from the surface 

of the boiling liquid in the pan.  
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4. Clarificants (chemicals) for removal of impurities and as preservatives 

Quantities of chemicals used for boiling one pan of juice (700 l):  

‧ Super phosphate (single) 2 kg.  

‧ Lime (sodium carbonate) 1 kg. 
The chemicals, which remove dirt from the juice, are mixed with the liquid before boiling.  

‧ Hibiscus (ladies finger powder) - 10 g added after filling the juice in the pan;  

‧ Caustic Soda (Sodium hydroxide) - 50 g to be added during boiling.  

‧ Castor oil - 100 g (causes froth on the boiling juice, which collects all the dirt, which is later 
decanted);  

‧ Sodium hydrosulphite - 50 g (added last at 70% Brix). Chemical is added to the syrup just 
before removing the syrup from the pan, and stirred well. This also restores the color of the  
syrup.  
 
5. Evaporation process 

‧ The density of juice increases (Brix %) as the boiling temperature rises;  

‧ When the temperature of the juice reaches 105 C to 107 C, the Brix of the  
syrup should be 65-70%;  

‧ The Brix and temperature of the boiling juice must be monitored at regular intervals.  
 
6. Cooling of syrup 

‧ Syrup should be cooled immediately to avoid burning;  

‧ Syrup should be brought down to 85 C to 80  C within 10-15 mins to avoid burnt taste and 
smell.  
 
7. Syrup yield  

‧ Syrup yield: 50-55 kg t-1 (15-18% of juice v/w) at 70-80% Brix;  

‧ Syrup yield depends on initial Brix% of juice and final Brix % of syrup;  

‧ The color of the syrup varies with the genotype and season of growth.  
 
8. Syrup storage  

‧ The syrup can be stored up to two years without any deterioration of sugars at room 
temperature (Annex. 1 and 2);  

‧ Syrup should be stored in air tight containers, leaving some gap on top of the container;  

‧ The syrup can be stored in plastic cans or in polythene coated bags at room temperature. 
  
9. Points to remember 

‧ Delay in harvesting of stalks, after more than 130 days will reduce the juice content in the 
stalks;  

‧ Brix of the stalks should be more than 15% for producing good quality syrup;  

‧ Filtration of juice must be done to remove stalk particles before boiling;  

‧ Effective removal of coagulated material and scum during juice boiling is very important 
for good quality syrup;  

‧ The syrup should not be heated above 105 C - 107 C; 

‧ The syrup should be rapidly cooled within 10-15 minutes. 
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The juice in the pan is constantly stirred. During the boiling, some undesirable contents 
coagulate. These materials (skimmings) are removed frequently. The skimmings are 
generally rich in protein and starch as well as some sugar and can be used in preparing 
animal feed. As the syrup density increases, the boiling temperature is increased gradually. 
The boiling pans are removed from the burners (chulhas) when the temperature reaches 

226-230 F (108 C to 110 C) or when the syrup attains a density of 70% Brix tested with a 

syrup hydrometer or sugar refractometer. The final syrup is allowed to cool to 140-160 F 
and stored in air-tight plastic containers. 
 
B) Syrup Storing  
 
The finished syrup is strained with a mesh to remove any crushed plant materials or other 
inert foreign materials. The syrup is stored in clean, air-tight plastic containers with a wide-
mouth at room temperature. The shelf life of the syrup at 70% Brix, stored at room 
temperature, is around 24 months.  

 
VI Training stakeholders in DCU operations  
 
Under the ICRISAT-CFC project, the DCU was established to crush stalk for rainy seasons for 
a period of 30-40 days in a year. Initially the crushing unit and its operations were carried 
out by the farmers’ group under the direct supervision and management of project 
scientists. All operators, daily-wage laborers and project staff were trained in handling the 
operations of the DCU before starting crushing. Since utmost care needs to be taken while 
the DCU is in operation, particularly handling the crushers and chulhas, training programs 
were conducted to enhance capacities of farmers’ groups such as farmers’ associations, 
local CBOs, partner institutions, staff and NGOs, to operate and manage the DCU. The 
training programs included hands-on-training in overall maintenance and repairs, trouble 

 

Fig 5. Syrup from pans are poured into wide mouth syrup storage cans   
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shooting, stalk supply chain management and assessing quality parameters like juice and 
bagasse output, accounts and book keeping in effective management of the DCU 
operations. The farmers’ group will be linked to the ethanol or other related industries with 
formal buy-back agreements for purchase of the syrup produced by the DCU.  
 

VII Conclusion  
 
The decentralized crushing system was established to overcome some of the shortfalls of 
the centralized system where the stalks have to be crushed for ethanol immediately after 
harvest within a short span of time to avoid drying up of stalks and consequent loss of juice. 
The delay in transportation of stalks to the centralized distillery was a major obstacle in 
processing and higher recovery of ethanol. The establishment of decentralized crushing 
units on pilot basis close to the vicinity of cultivation of sweet sorghum helped in processing 
sweet sorghum juice to syrup, which can be stored up to a year (if required) before 
processing to ethanol. Economic assessment of crushing sweet sorghum and value addition 
under a decentralized unit has shown that production of syrup can be made viable by 
improving yield of sweet sorghum stalks, system efficiencies like crushing and labor use and 
mechanization of the whole process. The decentralized system was managed by the growers 
of sweet sorghum (farmers’ associations) who crushed it to produce syrup. This was a new 
area for them. Given this, the management of a crushing unit at farm level would vary 
significantly and hence the high processing cost. 
  
The initial technology used for crushing sweet sorghum for producing syrup was not tailor-
made for a crop like sweet sorghum. The value realized by supplying syrup to the distillery 
was also low because of further processing costs incurred by the processor to convert it into 
bioethanol. Consequently, the decentralized unit was incurring losses. A major challenge, 
therefore, is to bring down the cost of processing syrup in the decentralized unit. As 
indicated in the paper, this can be achieved only through a combination of several factors. 
For example, a modest decline in labor cost of processing by 40%, increase in syrup yield vis-
a vis increasing efficiency in recovery of juice and syrup per ton of stalk through crushing 
and fermentation efficiency, increase in value addition by better utilization of bagasse can 
make sweet sorghum a remunerative feedstock for processing to bioethanol and has great 
potential for future bioethanol production in developing countries like India.  
 
In view of the above mentioned benefits of sweet sorghum, efforts should be made in the 
direction of improving technology in processing of sweet sorghum syrup to reduce cost in 
bioethanol production, value addition in bagasse utilization and capital assistance for small 
scale entrepreneurs. In the long run this will be a boon for both smallholder farmers of rain-
fed regions and industry in production of bioethanol.  
 

VIII Summary  
 
To summarize, availability of feedstock for longer periods in a year (more than 6 months) is 
a critical factor limiting the expansion and suitability of the sweet sorghum ethanol industry. 
The decentralized model enables supply of feedstock to the distillery over a longer period of 
time in a year through syrup route. The DCU in general will serve as an extended arm of the 
distillery and operate as a stand-alone self-sustaining unit. At present, all the syrup 
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produced (5 t) at DCU, was supplied to Rusni Distilleries, Sangareddy for ethanol production.  
 
Each decentralized unit provides employment to 20-30 people during the crushing season. 
The major beneficiaries of the DCU are likely to be small and marginal farmers who form the 
core of the target group as they get ready inputs, guidance and an assured market for their 
produce. Women’s participation is high in all DCU operations, thereby aiding women’s 
empowerment. The success and overall economic viability of DCU depends on its 
operational efficiency and market linkages with distilleries and other industries to obtain a 
better price per unit of syrup. Once the model is found to be viable and sustainable, efforts 
will have to be made to up- and out scale the model. This paves the way for micro 
entrepreneurship development in villages that increases the income as well as the 
employment options and reduces migration to cities. With the establishment of DCU with 
essential plant and machinery, the costs minimized if a farmer establishes it with his own 
investment on his own land and involving his own family labor as given in Table 2.  
      
Table 2. Cost of essential equipment for establishment of DCU at the village level 
Plant and machinery** 

 Particulars Cost (Rs 
‘00000))* 

a) Sweet sorghum crusher (2 t/hr): Motor for crusher 20HP, V 
Belts, gear oil 

4.5 

b) Syrup boiling pans – 2 m dia. and accessories (such as stirrers, 
dragger, sieve, scum storage drum etc.)  

 0.36 

c) Generator: 40 KVA capacity with Ashok Leyland engine coupled 
with alternator  mounted on a common base frame with control 
panel fuel tank, battery and leads and accessories 

4.62 

d)  Pumps and motors 1 hp for pumping water process like cleaning 
the tanks, crushers and pans: 1 no.   

0.04 

e) Rubber/PVC hose pipe 1” dia 200 m length    0.16 

f) Syrup storage plastic drums industrial use (50 kg capacity) 0.30 

 

g) Crusher shed with local available materials (palm tree 
leaves/bamboo thatched sheets/paddy straw covering)  

 
0.2 

h) Chulha shed with local materials (palm tree leaves/bamboo 
thatched sheets/paddy straw covering)  

0.2 

 

i) Foundation for generator placement  0.10 

j) One utility room construction with asbestos sheet  0.4 

k) Construction of 2 ft height basement for crusher placement 6 x 
3 ft with iron channels, nuts and bolts fitting 

0.19 

l) Construction of 3 chulhas for boiling juice   0.49 

 

m) Electrical wiring, switches, control panel, etc. 0.10 

 Total amount (INR) 11.66 

** Work and equipment prices quoted by local agents/dealers in Andhra Pradesh, India.  
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Figure 4. Specification of crusher 

 
            Table 3. Names of crusher parts 

1. A rail scraper  

2. Feeder  

3. Grease cup  

4. Grease pipe  

5. Railer  

6. Key for upper gear  

7. Steel gear (16 teeth)  

8. Side plate  

9. BC railer  

10 Bearing holder  

11. Railer bush GM  

12. Juice outflow channel  

13. Head screw  

 14. Base frame plate  

 15. Joint coupling  

 16. Axial  

 17. Steel gear 62 teeth  

 18. Pulley  

 19. Hosing  

 20. Center bolt  

 21. Counter axel  

 22. Bearing seal  

 23. Hosing packing  

 24. Bearing 32211  

 25. Main drive  

 26. Gear box  
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26. Annexure 2: Institutional mechanisms to sustain the gains after 
project closure 

 
The prime objective of the project is to make the sweet sorghum ethanol value chain 
sustainable which can be replicated elsewhere to benefit the farming communities across 
the globe. Based on the last few crushing seasons and analysis of the operations, we feel 
that the sustainability of the entire value chain can be achieved through the following:  
 
Sustainability in terms of technology 

 The crop production technology need to focus on improving the sweet sorghum crop 
in the areas of  

o Increasing crop yields in the farmers’ fields;  
o Increase the Brix % in the stalk juice and percentage of juice in stalks; 
o Increasing harvesting window with variable maturity period;  
o Exploiting variability for juice storage quality; 
o Developing suitable machinery for mechanizing all the operations from 

sowing to harvesting. 

 The process technology of sweet sorghum ethanol need to focus on 
o Reducing total investment costs; 
o Reducing the operating costs; 
o Increasing juice recovery; 
o Increasing fermentation efficiency. 

 
Sustainability in terms of inputs 

 Establishment of inputs supply systems for sweet sorghum cultivation like seed, 
fertilizers and pesticides; 

 Established village based seed system for supply of seeds of improved varieties; 

 Appropriate application of pest management practices and fertilizer management; 

 Mechanizing the production wherever feasible. 
 

 
Sustainability in terms of marketing of stalks/syrup/produce 

 Increasing the syrup recovery by using efficient protocols;  

 Reducing syrup production costs by increasing processing efficiency; 

 Better pricing of syrup;  

 Exploring alternative markets for syrup like food additives, pharmaceuticals, 
beverages, and bakery and confectionery units;  

 Established linkages with distillery for procurement of sweet stalks (buy-back 
arrangement);  

 Established linkages with fodder agents for procurement of bagasse from DCU. 
 
Institutional linkages for technical and financial support 

 Networking with R&D institutions for developing customized machinery for crop 
production and processing;  
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 Developing business models for DCU and informing the financial institutions on the 
new business opportunities through funding for DCU establishment by farmers 
community / groups; 

 Sensitized policy makers, development organizations / NGOs about the opportunities 
in sweet sorghum ethanol value chain.   

 
Opportunities and benefits to stakeholders  
 
Sweet sorghum ethanol offers a plethora of benefits to a range of stakeholders. The various 
benefits accrued are as follows: 
 
Benefits to the farmers 

 Dryland farmers can make use of new market opportunities as sweet sorghum can 
be cultivated in low rainfall areas; 

 Additional incomes from sweet sorghum cultivation through sale of stalks to 
distilleries / DCUs and sale of grain;   

 Farmers can organize themselves into co-operative societies and establish a 
decentralized crushing unit which provides an additional business opportunity; 

 New employment opportunities through localized crushing. 
 
Industry 

 Novel product with long-term business opportunities;  

 Assured demand for the product in the decades to come; 

 Learnings from sugar industry can be replicated in processing;  

 Opportunities for running throughout the year if multi feedstock units are 
established; 

 The ethanol production process from sweet sorghum is eco-friendly compared to 
that from molasses, therefore costs on pollution control reduce; 

 By-products like vinasse, CO2 and bagasse can be marketed for additional income. 
 
Financial Institutions 

 New business opportunities through financing distilleries or DCUs; 

 Scope for promoting industries in rural areas. 
 
Research and training institutes  

 Novel value chain that can pass on the new market opportunities for benefiting the 
smallholder farmers; 

 Challenging and satisfying in addressing the issues in value chain; 

 Opportunities for sponsored projects for research and development.  
 

Other partners and stakeholders 

 Reduced emissions through use of biofuel blended gasoline; 

 Food and bakery industry can use the syrup as food additives.  
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Part III: Budget and its Utilization 
 

1. Budget and its Utilization- IICT 

STATEMENT OF EXPENDITURE (Final) 
(Period from __20/12/2007___to___30/06/2012) 

               (Date of start)                 (Date of completion) 
Sanction Letter No. _F.No. 1(5)/2007-NAIP Dated: 20-12-2007__ 
Total Sub-project Cost `__Rs. 95.79____ 
Sanctioned/Revised Sub-project cost (if applicable) `_______________ 
Date of Commencement of Sub-project ______20/12/2007___ 
Duration: From ___20/12/2007___to __30/06/2012____ (DD/MM/YYYY) 
Funds Received in each year 
I Year `__Rs. 45.995________ 
II Year `__Rs. 20.4585______ 
III Year ` _Rs. 7.96228______ 
IV Year` __Rs. 7.00830______ 
Bank Interest received on fund (if any) ` _________--________ 
Total amount received ` _Rs. 81.42408    
Total expenditure ` __Rs. 79.7614_ 
Expenditure Head-wise: 
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2. Budget and its Utilization - CRIDA 

 

Sanction heads

Funds 

allocated

Balance as 

on date

2007-20082008-2009 2009-2010 2010-2011 2011-2012 Total 2007-2008 2008-2009 2009-2010 2010-2011 2011-2012 Total

A.Recurrring Contingencies

(1) TA 2.5 0.125 0.47128 0.45479 0.26897 0.5 1.82004 0.09628 0.45479 0.26897 0.4732 0.42946 1.7227 0.09734

2. Workshops 1 0 0 1 0.76 0 0.24 0 0 0.24 0 0 0.24 0

3. Contractual Services 24.241 0.925 3.14022 4 6.23321 5.02935 19.3278 0.06522 4.14929 3.83721 4.84523 6.26036 19.15731 0.17047

4. Operational Cost 15 0.5 3 2.25727 2.91119 2.83135 11.4998 0.67047 2.25727 2.91119 2.98487 2.77281 11.59661 -0.0968

Sub- Total of A (1-4) 42.741 1.55 6.6115 7.71206 8.65337 8.3607 32.8876 0.83197 6.86135 7.25737 8.3033 9.46263 32.71662 0.17101

B. HRD Component

5. Training 2 0 1 0 1 0 0 0 0 0 0 0 0 0

6.Consultancy 0 0 0 0 0 0 0 0 0 0 0 0 0 0

B. Sub- Total of B (5-6) 2 0 1 0 1 0 0 0 0 0 0 0 0 0

C. Non- Recurring

7. Equipment 17.5 0 17.5 0 0 0 17.5 0 11.85402 1.3673 0 0 13.22132 4.27868

8. Furniture 1 0 1 0 0 0 1 0 0 0.96838 0 0 0.96838 0.03162

9. Works(new renovation 2 0 1 1 0 0 2 0 0.7548 0 0 0 0.7548 1.2452

10. Others (Animals, Books, etc.0.3 0.1 0.1 0.1 0 0 0.3 0 0.19811 0 0 0 0.19811 0.10189

C. Sub- Total of C (7-10) 20.8 0.1 19.6 1.1 0 0 20.8 0 12.80693 2.33568 0 0 15.14261 5.65739

D. Institutional Charges 2.15205 0.0775 0.3 0.425 0.34679 0.4374 1.58669 0 0.3775 0.39679 0.375 0.4374 1.58669 0

Grand Total ( A+B+C+D) 67.6931 1.7275 27.5115 9.23706 8.00016 8.7981 55.2743 0.83197 20.04578 9.98984 8.6783 9.90003 49.44592 0.17101

Funds Released Expenditure Incurred

 
 
 
 
3.  Budget and its Utilization-ILRI 
 
Statement of Expenditure (Final) 
(Period from January 1, 2008 to June 30, 2012) 
 
Sanction Letter No.F.No.10(4)Comp-2/2008-NAIP 
Total Sub-project Cost Rs _87,54,000 
Sanctioned/ Revised Sub-project cost (if applicable) Rs. 1,05,02,000 
Date of Commencement of Sub-project: 1 January2008 
Duration: From 01/01/2008 to 30/06/2012(DD/ MM/ YYYY) 
Funds Received in each year 
I Year Rs.1,06,625(2007-08)  
II Year Rs. 64,84,416(2008-09)  
III Year Rs. 19,40,632(2009-10)  
IV Year Rs. 4,26,357(2010-11)   
V Year Rs. 3,43,780(2011-12) (April to June) 
Bank interest received on fund (if any) Rs. NIL 
Total amount received Rs _93,01,810    Total expenditure Rs  
92,47,227 
Expenditure Head-wise: _ 
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884  

     
4,25,
772  

     
3,2
7,2
00  

         
45,
384  

   
3,9
9,3
97  

      
5,5
1,3
72  

      
6,2
5,9
74  

   
6,87,
709  

      
23,09
,836  

      
(3,3
7,08
3)  

               
5,16,
433 

               
-    

B. HRD 
Compone
nt 

               

(5)Training 

- - 

     
1,0
0,0
00  

   
(1,0
0,00
0) 

- - - - - - - - - - 
 

(6) 
Consultan
cy 

- - - - - - - - - - - - - - 
 

Sub-Total 
of B (5-6) 

                 
-    

                   
-    

     
1,0
0,0
00  

   
(1,0
0,00
0) 

                 
-    

                 
-    

                  
-    

               
-    

                  
-    

                  
-    

               
-    

                     
-    

                  
-    

               
-    

               
-    

( C) Non-
Recurring 

               

(7) 70,0 - 56, 14,0 - - - - 3,3 62, - 65,91 4,08 (4,08,
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Sanctione
d Heads 

Fun
ds 
Alloc
ated 
(*) 

Funds Released Expenditure incurred Total 
Expe
nditu
re 

Bala
nce 
as 
on 
dat
e 

Requi
reme
nt of 
additi
onal 
funds 

Rem
arks 

1st  
Yr 

2nd 
Yr 

3rd 
Yr 

4th 
Yr 

5th  
Yr 

1st 
Yr 

2nd 
Yr 

3rd 
Yr 

4th 
Yr 

5th  
Yr 

Equipmen
t 

0,00
0 

00,
00
0 

0,00
0 

4,3
05 

57,
394 

,699 ,301 301) 

(8) 
Furniture 

1,00,
130 

- 
1,0
0,0
00 

- 130 - - 
10
0,1
30 

- - - 
1,00,
130 

- - 
  

(9) Works 
( new 
renovatio
n) 

1,00,
000 

- 
1,0
0,0
00 

- - - - - 
81,
89
9 

18,
101 

- 
1,00,
000 

- - 
 

(10) 
Others 
(animals, 
Books , 
etc) 

40,0
00 

20,
00
0 

20,
00
0 

10,9
04 

- - 
30,
904 

9,0
96 

- - - 
40,00
0 

- - 
 

Sub- Total 
of C ( 7-
10) 

72,4
0130 

20,
00
0 

5 
8,2
0,0
00 

14,1
0,90
4 

(10,
744) 

- 
30,
904 

1,0
9,2
26 

4,1
6,2
04 

62,
75,
495 

- 
68,31
,829 

4,08
,301 

(4,08,
301)  

D. 
Institution
al 
Charges* 

88,9
27 

4,1
25 

27,
01
9 

29,8
44 

11,3
59 

16,
58
0 

2,2
69 

19,
96
9 

26,
35
9 

22,
579 

34,3
86 

1,05,
562 

(16,
635
) 

25,60
3  

Grand 
total 
(A+B+C+D
) 

93,0
1,81
0 

1,0
6,6
25 

64,
84,
41
6 

19,4
0,63
2 

4,26,
357 

3,4
3,7
80 

78,
557 

5,2
8,5
92 

9,9
3,9
35 

69,
24,
048 

7,22,
095 

92,47
,227 

54,5
83 

1,33,
735  

 

4. Budget and its Utilization - SVVU 

STATEMENT OF EXPENDITURE (Final) 
(Period from 1.1.2008   to 30.6.2012) 

               (Date of start)                 (Date of completion) 
Sanction Letter No.       F. No. 1(5)/2007-NAIP dated 20.12.2007 
Total Sub-project Cost `       38. 49 lakhs + 
Sanctioned/Revised Sub-project cost (if applicable) `_______________ 
Date of Commencement of Sub-project ______1.1.2008_____________ 
Duration: From  ___________1.1.2008_______to __30.6.2012_______ (DD/MM/YYYY) 
Funds Received in each year 
I Year `_______0.98750 lakhs (2008 Jan-2008 March) 
II Year `_______19.0225 lakhs (April, 2008- March,2009)______ 
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III Year ` 5.65843 lakhs (April, 2009- March,2010) _________________  
IV year_____6.89081 lakhs (April, 2010- March,2011)______________ 
V year ------5.45972 lakhs (April, 2011- March,2012) 
VI year         2.1 lakhs           (April, 2012-June 2012)   yet to be received 
Bank Interest received on fund (if any) ` _________________ 
Total amount received ` ___38.01896 lakhs______________ 
Total expenditure ` ____37.80832_____________ 
 
 

Expenditure Head-wise: 

Sanctioned 
Heads 

Fu
nd
s 
All
oc
ate
d 
(*) 

Funds Released Expenditure Incurred Total 
Expe
nditu
re 

Balan
ce as 
on 
date 

Req
uire
men
t of 
addi
tion
al 
fund
s 

Remark
s 1s

t 
Y
e
ar 

2n

d 
Y
e
ar 

3rd 
Ye
ar 

4th 
yea
r 

5th 
year 

1st 
Yea
r 

2nd 
Year 

3rd 
Yea
r 

4th 
ye
ar 

5th 
year 

A. 
Recurring 
Contingenc
ies 

 0
7-
0
8 

0
8-
0
9 

9-
10 

10-
11 

11-12 7-8 8-9 9-
10 

10-
11 

11-12     

(1) TA 0.9 0.
0
5 

0.
1
5 

0.1
04
68 

0.0
563
7 
 

0.185
33 

0.0 0.10
468 

0.0
563
7 

0.1
85
33 

0.103
42 

0.449
8 

0.965
8 

 Remitte
d the 
balance 
amount 
to NAIP 

(2) 
Workshops 

               

(3) 
Contractual 
Services/RA
/SRF 

12.
07
6 

0.
4
5 

1.
5
5 

2.2
61
25 

3.5
4 

3.51 0.0 1.56
125 

2.6
52 

3.5
1 

3.588
0 

11.31
125 

   

4)Operatio
nal 
Expenses 

12.
00 

0.
2
5 

3.
7
5 

3.0
0 

2.9
994
4 

1.499
99 

0.0 4.00 2.9
994
4 

2.9
99
99 

1.499
99 

11.49
942 

   

Sub-Total 
of A (1-4) 

24.
97
6 

0.
7
5 

5.
4
5 

5.3
65
93 

5.7
078
1 

5.195
32 

0.0 5.66
593 

5.7
078
1 

6.6
95
32 

5.191
41 

23.26
047 

0.965
8 

  

B. HRD 
Componen
t 

               

(5) Training                

(6) 
Consultanc
y 
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Sub-Total 
of B (5-6) 

               

C. Non-
Recurring 

               

(7) 
Equipment 

3.5  3.
5 

    3.49
985 

   3.499
85 

0.000
15 

 Remitte
d to 
NAIP 

(8) 
Furniture 

4.5  4.
5 

     4.4
999
6 

  4.499
96 

0.000
04 

 Remitte
d to 
NAIP 

(9) Works 
(new 
renovation
) 

5.0  5.
0 

      4.8
87
15 

 4.887
15 

0.112
85 

 Remitte
d to 
NAIP 

(10) Others 
(Animals, 
Books, etc.) 

0.5 0.
2
0 

0.
3 

   0.0 .498
99 

   0.498
99 

0.001
01 

 Remitte
d to 
NAIP 

Sub-Total 
of C (7-10) 

13.
5 

0.
2
0 

1
3.
3 

5.3
65
93 

   3.99
884 

4.4
999
6 

4.8
87
15 

 13.38
595 

0.114
05 

  

D. 
Institution
al 
Charges* 

1.2
53
8 

.0
3
7
5 

0.
2
7
2
5 

0.2
95 

.02
95 

0.264
4 

0.0 0.30
75 

0.2
95 

0.2
95 

0.264
4 

1.161
9 

   

Grand 
Total 
(A+B+C+D) 

39.
72
98 

0.
9
8
7
5
0 

1
9.
0
2
2
5 

5.6
58
43 

6.8
908
1 

5.459
72 

0.0 9.97
227 

10.
502
77 

11.
87
74
7 

5.455
81 

37.80
832 

2106
3 

 Remitte
d the 
balance 
amount 
to 
National 
coordina
tor 
through 
RTGS on 
29.3.201
2 and 
the 
balance 
as on 
date is 
nil 

* Institutional charges will be 10% of the recurring contingencies for the Lead Consortium and 5% 
for Consortia Partners. 
 
     
5. Budget and its Utilization - ICRISAT 
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PART IV: DECLARATION 

 


