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Deweeding forests: A problem of scale and financial viability

Lantana camara is a weed that is taking over 
Indian forests with devastating impacts on 
biodiversity and livelihoods. It inhibits the 
growth of native plant species, which in turn 
has resulted in starving wildlife. Dense 
thickets of lantana block traditional forest 
pathways, increasing human-wildlife conflict. 
It is directly affecting tribal communities who 
depend on non-timber forest produce for 
their livelihoods and has inflicted an 
estimated loss of $11 billion on the agro-
forestry sector. 

Recent estimates say that there are around 
13.2 million hectares of lantana-infested land 
in India, which is why it is critical to get rid of 
this invasive species. 

There have been isolated, small-scale efforts 
to remove lantana in pilot plots, but this is 
insufficient to reverse a problem of such 
magnitude. It takes more than 50 person-
days and around !1 lakh to manually remove 
lantana from a one hectare-plot with 
moderate lantana density (see Annexure 2 
for calculations that detail lantana’s removal 
cost). In addition, the restoration of forestland 
and subsequent monitoring for a period of at 
least three years is expensive and laborious.  

Hence, there needs to be a dramatic shift in 
how we address this complex issue.  

The only practical way of restoring 
lantana-infested land at scale would be to 
identify business models that tap into uses 
of the plant. This way, the revenue 

generated from the lantana biomass or 
plant material could fuel restoration 
efforts. 

This CSEI Insight Article evaluates past 
approaches that have attempted to tackle 
the lantana problem, identifies constraints 
that prevented them from scaling, to make 
the case for a new, more financially-viable 
way forward - developing value-added 
products close to the source of the weed.  

There are multiple products that can be 
made from lantana in different product 
categories such as home furnishing 
materials, construction materials, chemical 
extracts, plastic substitutes and soil 
supplements.  

The product we focus on in this report is 
bioenergy, i.e. energy generated from 
lantana biomass. ‘Bioenergy is defined as a 
type of renewable energy produced from 
natural sources, such as plant biomass, and 
is capable of replacing fossil energy’. 

A network of bioenergy users presents an 
ideal business model with minimal supply 
chain costs and maximum revenue 
realisation, but this system cannot absorb all 
the biomass available. This is why we also 
propose a framework that evaluates what 
mix of value-added products would be 
optimal.  

The annexure section details all our 
calculations
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Lessons from past approaches: Why artisanal and commodity-only approaches are inadequate 

Prior efforts to generate revenue from lantana 
centred around artisanal businesses. In 2003, 
ATREE set up the Lantana Crafts Centre in Male 
Mahadeshwara Hills (MM Hills) in southern 
Karnataka to improve the livelihoods of the 
Soliga community.  

Through a simple technique of bending lantana 
stems, artisans were taught to make a range of 
products from baskets to life-sized elephants. 
The Lantana Craft Centre was pivotal in 
providing alternate livelihood opportunities to 
the community, but there was a problem - the 
quantum of lantana removed was too small. 

This artisanal, livelihood-based approach did not 
contribute significantly to the larger goal of 
scaling up lantana removal for two reasons:  

!! Furniture and crafts can be made from 
only good-quality lantana stems, which 
account for only around 10% of the whole 
plant. Even if we assume there is a big 
market for craft and furniture, this 
approach would use up far too little of 
the total plant biomass. 

!! This business serves only a relatively 
small and niche market segment that is 
difficult to expand. Moreover, the craft 
centre model is highly market 
dependent. Upon receiving orders, 
artisans would venture into the forest and 
cut only the lantana stems they require 
without entirely removing the lantana 
shrub. This hardly serves the purpose of 
eradicating lantana from vast swathes of 
infested land.

Figure 1: Constitution of lantana biomass 
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The artisanal model aside, there is also a 
commodity-only approach, which involves 
gathering and selling the lantana biomass as 
raw material and not a finished product. This 
was also proven to be economically unviable 

when it was attempted in parts of 
Chamarajanagar forest division in southern 
Karnataka. High transportation and removal 
expenses drive up supply chain costs and result 
in marginal revenue. 

Figure 2: Different processes to yield dried lantana chips 

Most lantana exists far away from commercial 
centres, so removing lantana for the purpose of 
supplying it to industries as raw material is not 
profitable. Even if the supply chain was 
optimised, through options such as 
mechanisation of lantana removal (see Table 2 in 

Page 11), the unit cost of processed lantana 
chips cannot compete with the alternative 
sources of raw material locally available. 
Manually removing and transporting lantana is 
only viable in small pockets, close to tribal 
hamlets.  

Figure 3: The commodity-only supply chain - the costs and benefits of each removal method 
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The factors that prevented these approaches 
from transforming into economically viable, 
scalable methods point to another way forward: 

 Increasing the value of lantana by developing 
value-added products close to the source. 

Since lantana is a versatile raw material from 
which multiple products can be derived, it is 
necessary to first evaluate what mix of value-
added products would be optimal.  

 

Removal, transport and reuse: A framework to assess the optimal lantana use strategy

We propose a value chain analysis framework 
that weighs the costs and benefits, and assesses 
the quantum of demand for the end-use of each 
product (more detail about the value chain 
analysis in Annexure 4).  

Bioenergy is a key part of the framework we 
have followed, so we also detail a Minimum 
Viable Business Unit (MVBU), which is the 
smallest viable unit of a bioenergy cluster-
based business model (Figure 4). A bioenergy 
cluster is a network of small industries and 

MSMEs that could substitute expensive fossil 
fuels they currently rely on, with cheaper, 
greener bioenergy. Our analysis found that such 
a business unit would comprise one removal 
unit and three gasifier units (more detail in 
Annexure 8, section 8A). Scaling these MVBUs to 
form a collective of multiple such units would 
make up a ‘restoration company’. We developed 
the optimal operation of a ‘restoration company’ 
unit that would also be responsible for removal, 
restoration, transport and use of lantana.

 

Figure 4: A Minimum Viable Business Unit 
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As mentioned above, there are multiple value-
added products that can be made from lantana 
under different categories such as home 
furnishing materials, construction materials, 
chemical extracts, plastic substitutes, soil 
supplements and energy. The prototyping 
experiments for some of these products, such 
as construction materials like particle boards, 
biobricks and cement cretes, have shown 
promising results.  

But more than these tangible products, we have 
found that bioenergy, i.e. using the lantana plant 
as a source of energy, shows the most potential. 
One of the methods to produce bioenergy from 
lantana is through the process of gasification, 
which involves burning wood chips at high 
temperatures in a low-oxygen environment. We 
are not ruling out other methods such as 
modified direct combustion systems, even 
though our experiments so far have been with 
gasification. 

Figure 5 summarises the value chain analysis 
framework for four different end products from 
lantana - particle boards, biobricks (both 

construction materials), as well as gasification 
products - bioenergy and biochar (a carbon-rich 
substance that improves the quality of soil for 
agriculture).  

The potential biomass demand along the value 
chain is the driving factor in deciding the 
optimal mix of value-added products from 
lantana.  

The value-added product with the highest net 
benefit, which we found to be bioenergy, would 
absorb the most possible biomass it can. The 
remaining biomass would be distributed among 
units that manufacture other value-added 
products (like furniture, particle boards) as well 
as the commodity-only supply chain based on 
demand and net benefit. For example, a 
bioenergy cluster with daily energy demand of 
500 kg LPG could absorb only 80% of the total 
biomass available (assuming 750 tonne per 
year). The remaining should be distributed 
among other value-added products and the 
commodity-only supply chain (we have detailed 
this in Figure 8). 

 

Figure 5: A value chain analysis framework 
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Our analysis found that bioenergy has the 
potential to earn the highest monetary value 
and net benefits. Moreover, industries currently 
dependent on expensive and non-renewable 
fossil fuels can switch to the bioenergy model 
enabling rapid scaling up. 

Building on the diagram above, Figure 6 
illustrates how much value can potentially be 
derived from three different products that were 
prototyped successfully: bioenergy (from 
producer gas) and biochar; and particle boards 
that can be used for construction purposes, 
mainly interior design. 

 
Figure 6: Value realisation potential of four different products derived from lantana  

While the commodity-only approach was 
bringing in revenue in the range of  !3 - 5 per kg 
of lantana, we found that all three value-added 
products have the potential to realise revenue 
exceeding !10 per kg of lantana. Among them, 
bioenergy ranks highest, and a combination of 
thermal energy and biochar can potentially 
bring in considerably higher revenue of !33.10 
per kg of lantana. 

Our evaluation found that these three value-
added products result in positive net benefits 
even while continuing with the more time-
consuming practice of manually removing 
lantana. Whereas, the commodity-only 

approach resulted in losses even if a switch was 
made to mechanised removal. Assuming that 
removal and transportation costs (for a distance 
of 100 km) remain the same across the different 
products and approaches, the processing cost is 
highest in case of particle board.   

Biochar accounts for the least processing cost 
as it is a by-product of bioenergy generated 
through gasification (i.e. biochar yield is normally 
7%). The gasifier can be custom designed to 
make biochar the main product and energy the 
by-product, in which case biochar yield can go 
upto to 25% of the dry biomass processes.  
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The process of gasification, which yields thermal 
energy and biochar, was found to result in the 
highest net benefit - both in terms of absolute 
figures as well as the percentage of revenue 

realisation. Figure 7 sums up the supply chain 
costs and the achievable net benefits for the 
three value-added products that were 
evaluated.

 

Figure 7: The cost-benefit analysis of three different value-added products  

 

For bioenergy to be viable and be able to 
actually utilise the biomass, we would need a 
network of bioenergy users or ‘bioenergy 
clusters’ within a 50 km-radius of the source, i.e. 
lantana-infested land. 

Biomass utilisation is proportional to the energy 
demand or the number of energy consumption 
points close to lantana-infested land. So if there 
are not enough energy consumption points or 
industries within the ideal distance, the 
bioenergy cluster model may not be viable and 
the available biomass would be underutilised. In 
other words, it would not be possible to realise 

the maximum value that the biomass has the 
potential to yield. 

We found that this would be the ideal business 
model as it involves minimal supply chain costs 
and realises maximum revenue. The energy 
demand of bioenergy cluster members could 
be the key factor in deciding the scale of lantana 
removal (cluster members are MSMEs or 
industries within a specified distance from 
lantana-infested land that could potentially run 
on bioenergy from gasifiers instead of fossil 
fuels).  
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A bioenergy cluster could absorb around 50 - 
80% the total lantana biomass available per 
annum depending on the energy demand of the 
cluster Since the bioenergy clusters may not be 
able to absorb all the biomass available in a 
given period of time, a more practical solution 
would involve an optimal mix of bioenergy 
clusters, other possible value-added products, 
as well as the commodity-only supply chain that 
could account for 10-40% of the lantana biomass 
collected.  

Figure 8 represents how the energy demand of 
a bioenergy cluster determines the % share of 
lantana biomass diverted to process value-
added products and for the commodity-only 
supply chain - i.e. if a minimum viable business 
unit experiences an energy demand equivalent 
to 300 kg LPG per day, then 48% of the biomass 
collected will be used for gasification, 10% for 
artisans to make furniture and crafts and 42% is 
used for sale as a commodity. 

 

Figure 8: A combinational model that represents how the energy demand shapes the proportion of 
lantana used (more detail in Annexure 7) 

 

Aside from transportation, the cost of removal 
plays an important role in further optimising 
supply chain costs.  

In order to achieve the right mix of value-added 
products and the commodity-only approach, 

supply chain costs need to be further optimised. 
Designing an ecologically-compliant and 
economically-viable removal method, and 
identifying consumption points within the ideal 
distance would be the right steps in this 
direction.  
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The commodity-only supply chain is not viable 
even with mechanised removal methods and 
with consumption points at any distance, as it 
collects a meagre value of about !3.5 per kg of 
dry lantana chips, Therefore, the objective is to 
further reduce lantana removal costs for a 
minimum span of 100 km from the source, within 
which consumption points need to be identified. 
This means removal costs need to be reduced 
to !2 - 2.5 per kg of dry lantana. 

But the expected value realisation would vary 
based on supply and demand of the substitutes, 
i.e. raw materials or wood chips from alternative 
biomass sources like bamboo, rubber etc. 

Hence, consistently keeping the removal costs 
below !2 would be ideal. Table 1 details the cost 
of removing lantana according to different 
methods that have been experimented with. 
Table 2  shows the possible cost savings if the 
mechanical method is further optimised. There 
is potential for this as the mechanised option 
currently in use involves an added fitting to ‘less 
flexible’ excavators and tractors meant for 
different types of work. We imagine an 
improved uprooter model ‘mounted on a more 
flexible carrier’ designed for use in dense 
lantana-infested woods would considerably 
ease the removal process. The following cost 
estimations are based on such a concept: 

 

Figure 9: Calculating the optimal removal cost  

 

 

Table 1: Comparison of different lantana removal methods and costs 

Removal 
methods 

Effort (manpower/machinery) required 
for removal Other costs 

Per 
hectare 
cost (!) 

Per 
Kg 

cost 
(!) 

Manual 50 -60 person-days required to clear 1 
hectare of lantana, assuming the lantana 
density is more than 50%.  

!"#"$%&$'%"(&)*+,-".&)"/0"1234"5&6'1")%7&8%"
'2,92,2".)&7"&,%":%592)%; 

i. Labour expenses for 
carrying the cut 
lantana: On average, it 
takes 4 people, per 
day, to take the cut 
lantana from one 
hectare to the wood 

70,000 7 
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Semi-
mechanised 

With the help of semi-mechanised tools 
like chainsaws and brush-cutters, it is 
expected that there would be a 33% 
reduction in manpower required for 
removal. The number of days would remain 
the same as carrying the cut branches gets 
more cumbersome when semi-
mechanised tools are used (this is because 
manual removal involves the cut root stock 
method, which results in a single uprooted 
plant, while semi-mechanised  tools result 
in multiple cut branches that need to be 
gathered for removal).  

!"<"$%&$'%"(&)*+,-".&)"/0"1234"5&6'1"569"

'2,92,2".)&7"/":%592)%;" 

 

chipper. 

 

ii. Clearing the land 
after removal: it would 
take 4 people working 
for 1 full additional day 
to clear 1 hectare of 
land. 

 

iii. Supervision charges 

 

63,350 6.34 

Mechanised A customised fitting to tractors and 
excavators called an ‘uprooter’ can wholly 
remove a plant from the ground. The fitting 
is not readily available in the market, but 
can be custom-made for lantana removal.  

!"=:%"6$)&&9%)"52,"5'%2)"/":%592)%"&."
7&1%)29%>1%,4+93"'2,92,2>+,.%49%1"'2,1"+,"<"
1234;" 

Additionally, 2 people are required to 
remove some of the smaller lantana plants 
manually.  

33,400 3.34 

 

Table 2: Cost saving potential by optimising the removal method 

Removal 
methods 

Optimisations in removal Optimisation of other 
costs 

Per 
hectare 
costs (!) 

Per Kg 
costs (!) 

Improved 
mechanical 
removal method  

It is expected that there would be a 
50% reduction in the number of days 
to clear 1 hectare lantana, that 
means 2 days.  

Additionally, 2 people are required to 
remove some of the smaller lantana 
plants manually.  

A rope/pulley system 
attached to a wood 
chipper can pull the 
cut lantana more 
easily, thereby 
reducing manpower 
by 50% (only 2 people 
required per day) 

12,700 1.27 
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The tables above indicate that improving the 
mechanical method can further optimise the 
lantana removal cost.  

Lantana removal needs to be carried out by 
factoring in three key aspects: i) Economic 
(detailed above): cost of machinery, manpower 
and of the removal process; ii) Operational: 
efficacy of tools/machinery and effort required 
per person; iii) Ecological: the lantana needs to 

cut and cleared without disturbing native 
species and without affecting the soil’s 
characteristics.  

Table 3 compares how the different removal 
methods rank in terms of these three factors, 
with ‘high’, ‘medium’ and ‘low’ indicating 
compliance levels.  

This is detailed in Annexure 6.

 

Table 3. Impact of lantana removal methods (see Annexure 6 for a detailed comparison) 

 

Factors 
Manual  Semi-mechanised  Mechanised  

Improved 
mechanised  

Ecological factors High Low Medium Medium 

Operational 
factors Low Medium Medium High 

Economic factors Low Low Medium High 

Even though the improved mechanical method 
is expected to show better results in terms of 
economic and operational factors, ecological 
compliance would be a challenge. Since the 
end-goal is to restore the natural ecology of 
infested forests, it is critically important to define 
benchmarks for ‘ecological compliance’ and 
then design solutions accordingly.  

Initiatives like ‘innovation challenges’ that would 
harness the expertise of technical institutions 
and other stakeholder organisations could be a 
step towards devising an operationally-efficient 
and ecologically-compliant lantana removal 
method, with the primary objective of removal 
cost optimisation.

!  
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Way forward: The need for institutional support, community involvement 

Our analysis addresses the limitations faced by 
current artisanal and commodity-only 
approaches and assesses how key parts 
(removal and transport) of the supply chain can 
be optimised to hone in on a more viable 
approach. But the way forward for scaling up is 
contingent on institutional mechanisms that 
support the emergence of bioenergy clusters. 
Involvement of the tribal community in the 
region is also critical to the success of this 
model that can eventually transition to biomass 
of local plants (thereby avoiding dependence on 
a raw material that needs to be eliminated). 

The institutional framework to scale-up lantana 
removal involves: 

!! Lantana removal and restoration units 
operated with people who live in the 
region and depend on forest resources, 
i.e. mainly tribal communities  

!! The ‘restoration company’ for overall 
coordination and to provide support for 
removal, machinery management and 
market linkages 

!! Ecologists and the government forest 
department to monitor lantana removal 
and forest restoration 

!! Bioenergy clusters, i.e. a network of 
energy-consuming industries and 
community-owned MSMEs  

!! Energy production units, i.e. gasifier 
units  

!! Other possible value-addition units 
based on lantana such as particle board 
manufacturing, biochar packing and sale. 

!! MGNREGA funds for lantana removal 
and restoration 

The units for lantana removal and restoration 
units, gasification and for other value-added 
products need to work in tandem, coordinated 
by a single ‘restoration company’.  

Bioenergy cluster members, include 
community-owned MSMEs, who would benefit 
from the reduced spending on fuel. Revenue 
made by restoration company from selling 
bioenergy to cluster members like small 
industries could be diverted back to fund the 
removal and restoration work, carried out by 
units also made up of members from the local 
community. They would earn additional income 
through this activity.  

The restoration company could play an 
important role in providing necessary training 
and support for lantana removal units, 
identifying potential bioenergy cluster 
members, incubating new units to produce 
value-added products and finding market 
linkages for the commodity supply chain.  

In addition to revenue from selling these value-
added products, integrating MGNREGA funds 
for removal and restoration efforts would further 
improve the chances for business model 
viability.
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Figure 10: The institutional framework needed to create the optimal value chain for bioenergy 
clusters.  

 

With an optimised supply chain, a ‘minimum 
viable business unit’ could scale up lantana 
removal and forest restoration to 65 hectares in 
an year with the operation of three gasifier units 
and surplus lantana going to commodity-only 
supply chain (refer to Annexure 8A). A 
restoration company, working on a scale of five 
times the size of the ‘minimum viable business 
unit’ (5 lantana removal & restoration units and 
15 gasifier units), could restore about 6,500 
hectares in 20 years.  

To eradicate lantana in 20 years from a tiger 
reserve spanning 54,000 hectares of which 
nearly 40% is lantana- infested, like BR Hills 

tiger reserve in Karnataka, at least three such 
restoration companies may have to work in 
parallel.  

For this, the restoration company may require an 
initial investment of !4.15 crores with expected 
net annual cash inflows of !1.58 crores  under 
given conditions (refer to Annexures 8B & 8C for 
cash flow analysis and assumptions). Based on 
factors like the density of lantana, biomass 
availability per hectare, the nature of restoration, 
the business viability as well as the financials are 
subjected to variations (Refer Annexure 8D for 
sensitivity analysis). 

. 
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Table 4: The financial model for three different scenarios based on variations in lantana density 
(more detail in Annexure 7E) 

 

Lantana 
density 

Dry biomass 
per hectare 

(tons) 

Initial 
Investment  
( n crores !) 

Net cash 
flow 

(in crores !) 

NPV 
( in crores !) IRR (%) 

Low 5 4.15 1.26 10.04 34% 

Medium 7.5 4.15 1.36 11.19 37% 

High 10 4.15 1.58 13.64 42% 

 
The institutional mechanism should also have a 
transitional strategy for running the bioenergy 
clusters with alternate resources like agricultural 
waste and other invasive species towards the 
end of the transition period, say 20 years. Since 
the use of lantana in bioenergy clusters is not 

dependent on specific characteristics of the 
biomass, like furniture or artisanal products are, 
the transition to another type of biomass would 
be easier. There can be conscious efforts to 
identify local biomass and complement lantana 
to ensure a smooth transition. 
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Annexure 1: Case study - Energy demand of a potential bioenergy cluster 
BR Hills wildlife sanctuary and tiger reserve is spread over an area of around 540 sq kms, i.e. 54,000 
hectares. Assuming lantana has spread over 40% of the forest cover in moderate or high densities, the 
lantana-infested forestland would account for 21,600 hectares. This could yield a potential lantana 
biomass quantity of 216,000 metric tonnes.  

Figure A1. A potential bioenergy cluster in BR Hills, south Karnataka. 

 

 

The BR Hills tiger reserve falls in Chamarajanagar district and is spread across Chamarajnagar, Yalandur 
and Kollegal taluks.  

There are 61 settlements or hamlets in the reserve where the Soliga tribal community live, called Podu. 
Bangle Podu gram panchayat in Yelandur taluk has 9 such Podus, listed in the table below. The famous 
Biligiri Ranganathaswamy Temple is situated in this region.      

Table A1: Demographic details 

Hamlet Name Households Male Female Total 

Bilgiri Rangana Betta 140 212 194 406 

Bangle Podu 70 86 104 190 
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Osa Podu 87 146 142 288 

Muthugoda Gadde Podu 98 138 134 272 

Yerekena Gadde Podu 130 174 190 364 

Sege Betta Podu 35 62 54 116 

Kalyani Podu 17 38 34 72 

Manjegudi podu 18 32 28 60 

Purani Podu 115 220 195 415 

Total 710 1108 1075 2183 

Source: Bangle Podu panchayat office. 

Potential bio-energy cluster members and energy demand 
Gasifier units could meet the energy demand of both small industries as well as individual households in 
the region. The BR Hills is a famous tourist destination in southern Karnataka and hence there are many 
homestays, resorts and hotels, which mainly use LPG for cooking. Apart from these, the temple 
annadana (food donations) and some residential schools in the area also use thermal energy daily for 
cooking.  

The only industries within a 20 km radius are three coffee estates owned by Birla, TVS and 
Sangameshwara Industries. One of the large-scale business units is a sugar factory owned by Bannari 
Amman group in Kollegal; but it has co-generation capacities and hence there is no external energy 
demand (a by=product of sugar production, bagasse, is a biofuel). In addition to these, there are around 
100 milk chillers (with capacity of 1,000-2,000 litres) across the Chamarajanagar district.  

Aside from the industrial option, there are many hamlets with households that have no or partial 
electricity connection. Gasifier units can be installed for rural electrification here. 

Table 2 details potential cluster members, their current energy consumption, as well as the biomass 
feed per hour and total biomass requirement per year to meet their demand. 

Table A2. Energy demand of a potential bioenergy cluster 

Potential cluster 
member Current energy consumption Kg/hr 

(LPG) 
Kg/hr 

(biomass) 
Annual biomass 
requirement (kg) 

K-Gudi Wilderness 
Camp - Jungle 
Lodges (resort) 

No. of people ranges from 30 to 60 

12 hours of LPG usage 

1 commercial cylinder (of 19 kg) will be used up 

1.06 4.2 15,20o 
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in 1.5 days 

VGKK residential 
school 

300 meals for lunch and around 250 meals for 
breakfast and dinner 

1 commercial LPG cylinder is required for 1 day 
for the use of a steam boiler set and 2 additional 
burners. Another commercial LPG cylinder is 
used at the rate of 1 in 4 days. This amounts to 
1.25 cylinders per day in total. 

(8 hours of cooking time per day) 

2.97 11.88 28,500 

Morarji Desai 
residential school 

Around 270 x 3 meals per day with 6-7 hrs of 
usage 

There is a requirement of 1.5 cylinders for 2 days 

2.04 8.14 17,100 

Temple annadanam 

For the months of April, May, August, November 
and December, there is a demand for 35-40 
commercial LPG cylinders per month 

For the remaining 7 months, 25-30 commercial 
cylinders are required 

Normally, 4 cylinders are used simultaneously 
and will last for only 5 days with 4-6 hours per 
day usage. 

3.80 15.20 22,800 

Maurya KSTDC 
A maximum of 100 x 3 meals per day, which 
uses up 1 LPG cylinder for 2-3 days with a usage 
of 10 hrs of cooking per day 

0.63 2.53 7,600 

Giridarshini Tourist 
Home 

Weekly 4 cylinders is the normal rate of usage 

A maximum rate of 1 cylinder per day running 
for 10 - 16 hours. 

1.19 4.75 18,525 

Potential cluster 
member Current energy consumption Kw/hr Kg/hr 

(biomass) 
Annual biomass 
requirement (kg) 

Coffee estate - 
pulping (3 units) 

62.5 KVA generator runs 4 hours every day for 5 
months a year 

Fuel (diesel) consumption - 12 litres per day 

Coffee processed in a year = 250 tonnes 

46.5 
100 (two 
50kg/hr 

gasifiers)* 
144,000 
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Coffee estate - 
drying (3 units) 

Currently, sun-drying 

Can be replaced with a 5 HP motor-run dryer; 
that means around 5*746/1000 KW motor 
running for about 12 hrs for 1 tonne of coffee 
beans. 

A total yearly harvest of 250 tonnes per year 

3.73 15 135,000 

Milk chiller (100 
units) 

Around 100 milk chillers of 1,000 - 2,000 litre 
capacity. 

5.5 6.6 1,188,000 

Rural electrification 
of a hamlet 

100 households with 200 W of connected load 

Daily 4 hours of usage 
20 50 35,040 

Total biomass requirement per year 1,649,725 

Approximately 1,650 tonnes of dried biomass per year (rounded off) corresponds to around 165 hectares 
of lantana-infested land. 

* 50 Kg/hr gasifier is required for a 40 KVA gen set. Since it is 62.5 KVA here, it is necessary to find additional energy 
consumption points nearby to utilise the energy like staff quarters. 

Even though the cumulative biomass demand is high, the hourly biomass feed requirement is minimal in 
most cases, especially where thermal energy is required in places like homestays and residential 
schools. It would be better to suggest direct clean combustion systems in such scenarios, rather than 
gasifier units. But in the case of running pulping machinery in a coffee estate, two 50 kg/hr gasifiers can 
be used.  

For rural electrification of one hamlet, one 50 Kg/hr gasifier can be used.  

For milk chillers, a smaller capacity gasifier may need to be custom designed.  

For coffee bean drying purposes, a heat exchange mechanism based on direct combustion of lantana 
biomass is an available option.  

To summarise, the cluster would potentially have seven 50 kg/hr gasifier units, 6 clean combustion 
systems and one 15 kg/hr combustion-based coffee bean dryer. For milk chillers, gasifier needs to be 
custom designed. 

Combinational business model: Proportion of end products and scale of lantana removal 
A minimum viable business unit has the capacity to clear a maximum of 65 hectares. Considering the 
energy demand of the BR Hills bioenergy cluster, a minimum of three business units would be required.  

If three business units are working parallelly, a total of 195 hectares would be cleared of lantana in a 
year. Out of 1950 tonnes of dry lantana, 1,650 tonnes (84%) would be required for the bioenergy cluster, 
195 tonnes (10%) can be reserved for furniture-making and craft collectives and the remaining 105 
tonnes (5%) can be supplied to large-scale industries away from the bioenergy clusters for different 
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purposes like manufacturing bio-bricks, particle boards etc. Depending on the furniture demand, the % 
share diverted towards the commodity-only supply chain can be decreased or increased.  

But if only the producer gas consumption points are considered, the annual biomass demand for 
bioenergy cluster would be 840 tonnes for 7 gasifier units. Since two removal units can remove 1300 
tonnes of dry biomass per annum, two business units would be enough in this case. That means, 65% of 
the dry biomass for bioenergy cluster, 10% ( 130 tonnes) reserved for furniture and the remaining 330 
tonnes can be diverted towards the commodity supply chain. 

Why the cluster size needs to be increased 
As mentioned at the start of Annexure 1, there is a potential of 216,000 Metric tonnes of lantana biomass 
that can be harvested from BR Hills. The per year demand of the bioenergy cluster is only 1,650 tonnes 
and involving just three business units, the biomass requirement per year can reach a maximum of 1,950 
metric tonnes per year. At this rate, it would take around 110 years to clear the lantana in BR Hills once 
(i.e. without considering the subsequent monitoring efforts).  

By increasing the number of business units from 3 to 5, the biomass requirement can be increased to 
3,250 tonnes, thereby reducing the time taken to clear lantana from 110 years to 66 years.  

So, to eradicate the lantana in BR Hills in 20 years, 15 business units would be required to work in 
parallel. Therefore, it is better to have a bigger cluster size near the lantana removal site to reduce the 
removal timeline.  

Scope for increasing the cluster size and energy demand 
There is potential to develop the bioenergy cluster by supporting NTFP-based micro and small 
enterprises run by the Soliga tribal community. The Soliga community harvests 5-6 tonnes of honey, 1-2 
tonnes of soapnut, 6-7 tonnes of amla and 15-20 tonnes of coffee beans every year. Currently, the 
harvested NTFP produce is sold to societies or Farmer Producer Organisations (FPO) in the vicinity (like 
Large Area Multipurpose Society (LAMPS)) without any processing or value addition.  

If small value-addition units can be set up with a set of boiler units, coffee dryers etc, more energy 
demand can be generated. For example, if such units are set up in hamlets with no electricity, the 
household energy demand and the energy demand of these small scale units put together would 
require gasifier units running throughout the year.  

Annexure 2: Lantana removal cost 
Table 3 details the lantana removal cost per day based on observation of lantana removal work carried 
out by Vinayak Enterprises in Bathery Forest Range, Wayanad, Kerala, in the month of December, 2021.  

The lantana density in the site was very high - 90-100%. A combination of different removal methods 
including manual, semi-mechanised and mechanised removal were used to remove lantana from the 1-
hectare tract of land where the experiment was done and the author of this Article observed. 

Case A represents the manual removal of lantana 
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Case B represents a combination of mechanised and manual removal (an uprooter attached to a tractor 
in combination with manual removal) 

Case C represents an improvised scenario when the uprooter is attached to a more flexible Tata Hitachi 
and a mechanical method (as opposed to manual lugging)  is used to pull the cut lantana.  

The Tata Hitachi efficiency and output are based on projections as it has not yet been tried out in the 
field. But the efficiency of the mechanical method to pull the cut lantana is based on the observations.  

Table A3. Lantana removal costs observed in field experiments 

Particulars Case A Case B Case C Remarks 

Weight of lantana 
per day (wet kg) 770 - 1100 2000 - 3000 4000 - 6000 Based on observation 

Weight of Lantana 
per day (dry kg) 500 - 700 1300 - 2000 2600 - 3900 Based on observation 

Machinery and 
manpower 

6 people to 
manually 
remove 
lantana 

Uprooter 
attached to a 
tractor and 2 
people to 
manually 
remove lantana 

Uprooter 
attached to a 
Tata Hitachi and 
2 people to 
manually 
remove lantana 

Working hours of 5 hrs/day is 
considered 

Removal labour 
cost !3,000 !1,800 !1,800 Manual labour wage is ! 500/day; 

uprooter operation is ! 800/day 

Removal machine 
running cost 

NA !1,250 !1,250 

Uprooter requires 2.5 litres/hour. 
Uprooter fuel consumption cost for 5 
hrs of operation is 5 x 2.5 x 100 (fuel 
cost) = ! 1,250/day 

People involved in 
clearing the cut 
lantana 

6 8 4 

For case A and case B, manual pulling is 
assumed. (For case B, more lantana is 
cut, hence more people are required). 

For case C, a mechanical winch is used 
to pull the lantana, which reduces 
manual effort by 50 %. 

Labour cost for 
clearing (!500 per 
day) 

!3,000 !4,000 !2,000 

The manual wage per day is ! 500. 

A mechanical winch is assumed to be 
connected to the running wood 
chipper; so the running cost is not 
considered separately. 

Supervision !800 !800 !800 1 Supervisor with ! 20,000 salary is 
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charges (per day) assumed 

Total removal cost 
per day !6,800 !7,850 !5,850 

Sum of removal cost, machine running 
cost, lantana pulling cost and 
Supervision charges 

Removal cost per 
kg (Min) !9.71 !3.93 !1.50 

Min per kg cost when with maximum 
output 

Removal cost per 
Kg (Max) !13.60 !6.04 !2.25 Max per kg cost with minimum output 

No of days 
required to remove 
lantana from 1 
hectare 

18 7 3 

Total wet lantana weight was 18,000 kg 
per hectare; dividing this by output per 
day gives the # of days to remove 
lantana from an area with close to 100% 
density. 

 

Please note that the above per day costs are without considering the machinery depreciation charges, the 
capital interest costs and other project management and overhead costs.  

The above estimations are based on observation of the removal activity in an experimental set up for a 
couple of days; and the effective working hours per day was less than 5 hrs. So, on average, the per kg 
cost of removal would be less than the above figures. Data from different removal experiments across 
the country indicates that the manual removal costs are in the range of ! 6.5 - 8 per kg.  

Table A4 represents the manual removal costs observed in lantana removal experiments across the 
country. Even though the per hectare costs may vary depending on lantana density, the per kg costs are 
expected to be within a specific range even with variabilities associated with geography, soil conditions.  

Table A4. Manual lantana removal costs 

Lantana 
Density 

Per hectare removal 
cost (!) 

! per kg (excluding overhead 
costs and other removal-related 

charges) 

Per kg costs including efforts to 
move lantana, clear the land 
and supervision charges (!) 

15% 7,053 3.62 7.42 

25% 11,018 3.39 7.19 

35% 18,525 4.07 7.87 

50% 19,395 2.98 6.78 

75% 25,000 2.56 6.36 

90% 36,000 3.08 6.88 
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*The per hectare charges are compiled from lantana removal experiments carried out by different organisations including FES, 
Junglescapes, Shola Trust, Prakruti Prerana in Bandhavgarh and state forest departments.  

The per hectare cost and corresponding per kg costs only include the cost of manually cutting the 
lantana. Other costs, including that of moving the cut lantana, clearing the land, supervision charges and 
overhead expenses are not considered. The per kg removal costs include the cost of moving the cut 
lantana, clearing the land and supervision charges are given in the last column. These figures were 
arrived at by adding !3.8 per kg, based on costs enumerated in Table A3. 

Table A5: Per hectare removal costs for lantana-infested land with moderate density (estimates) 

Particulars Manual  
Semi-

mechani
sed  

Mechanised  Improvised 
mechanical  Remarks 

Average lantana 
density 75% 75% 75% 75% 

It was observed that a minimum of 
15 tonnes of wet lantana can be 
collected from 1-hectare land with 
moderate density. Once dry, the 
biomass could reduce to 2/3rd of 
its weight. 

Lantana biomass 
quantity (wet) per 
hectare (in kg) 

15,000 15,000 15,000 15,000 

Lantana (dry) per 
hectare (in kg) 10,000 10000 10,000 10,000 

No. of days for 
removal activity 

10 10 4 2 

It was observed that a maximum 
of 6 people working for 10 days 
could clear 1 hectare of 
moderately-dense lantana-
infested land. We calculated 18 
days for 100% density (Table 11). 
Going by the same ratio, the 
number of days for the 
mechanised and improvised 
mechanical removal methods 
would reduce by around 55% to 4 
days and 2 days respectively.  

The same number of days as the 
manual method is assumed for the 
semi-mechanised method, even 
though there is reduction in the 
number of people required. 
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Machinery and 
manpower 
required 

6 people  
to cut 
manually  

4 people 
to cut 
with 
tools like 
a brush 
cutter, 
chain 
saw. 

Uprooter 
attached to a 
tractor and 2 
people to cut 
manually  

A mechanical tool 
with improved design 
and 2 people to cut 
manually as well 

Same as in Table 11. A 33% 
reduction in manpower is 
assumed if semi-mechanised 
tools are used. 

Labour cost for 
removal !30,000 !20,000 !7,200 !3,600 

Manual labour wage is ! 
500/day/person; wage for 
operating the mechanised tool is ! 
800/day/person. 

Machine running 
cost for removal NA !3,350 !5,000 !1,500 

Fuel consumption of semi-
mechanised tools is 0.67 
litres/hour. One such tool 
operating for 5 hrs/day for 10 days 
would cost 0.67/hour x 10 days x 5 
hrs x ! 100 per litre of diesel = ! 
3,350/day. 

The uprooter consumes 2.5 
litres/hour. The cost for 5 hrs of 
operation for 4 days is 2.5 
litres/hour x 4 days x 5 hrs x ! 100 
per ltr of diesel = ! 5,000/day 

Assuming the improved 
mechanised tool consumes 1.5 
litres/hour, the cost would be 1.5 
litres/hour x 2 days x 5 hrs x ! 100 
per ltr of diesel = ! 1,500/day 

No. of people 
involved in 
moving the cut 
lantana 

6 6 8 4 

The same number of people as in 
Table 11. For the semi-mechanised 
method, the same number of 
people per day is required. 

Labour cost to 
move cut lantana !30,000 !30,000 !16,000 !4,000 

! 500 daily wage is assumed. 
Moving involves pulling the entire 
tree. 

Cost for clearing 
lantana chips  !2,000 !2,000 !2,000 !2,000 

4 people working for a day could 
clear lantana chips from 1 hectare-
land. Clearing involves sweeping 
up small twigs, leaves 

Supervision 
charges !8,000 !8,000 !3,200 !1,600 A supervisor with a salary of ! 

20,000 is assumed. 
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Lantana removal 
cost per hectare !70,000 !63,350 !33,400 !12,700 

Sum of removal cost, machine 
running cost, lantana pulling and 
clearing costs and supervision 
charges 

Lantana removal 
cost per kg !7.00 !6.34 !3.34 !1.27  

 

Annexure 3. Cost Break-Up of Commodity-Only Supply Chain 
Table A6 shows the per unit costs, i.e. per kg of dry lantana biomass, associated with the commodity-
only supply chain following different removal methods.  

Table A6. Commodity-only supply chain cost break-up according to different removal methods 

Comparison of end 
products 

Manual  Semi-mechanised  Mechanised 
removal  

Remarks 

Revenue realisation 3.5 3.5 3.5 

The market price for wood chips 
ranges from !3 to !6 based on market 
demand, alternative sources available 
and the nature of the industry. For e.g. 
in Kerala, rubber is the most available 
biomass and industries in the state buy 
it at less than !3. 

Processing cost 0.38 0.38 0.38 Refer to Annexure 3 

Transportation cost 1.00 1.00 1.00 Refer to Annexure 3 

Removal cost 7.00 6.34 3.34 Refer to Annexure 3 

Benefit - Cost -4.88 -4.22 -1.22  

!  
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Annexure 4: Value Chain Analysis 
Value chain analysis is a means of evaluating each of the activities in a company’s value chain to 
understand where opportunities for improvement lie (Stobierski). 

The steps involved in the value chain analysis are identifying the value chain activities, determining 
the cost and value of the activities and identifying the opportunities for competitive advantage. 
Figure A2 represents the different value chains that can possibly be derived from lantana biomass and 
Table A7 shows a comparison. 

Figure A2. Value chain analysis framework 

 

Table A7: Value chain comparison 

End products Primary activities Cost (Rs per 
kg) 

Value (Rs 
per kg) 

Potential 
biomass 

requirement 
per annum 

Competitive advantage 
(SWOT analysis) 
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Particle board 

!! Lantana removal 
!! Wood chipping/ 

shredding 
!! Drying & grading 
!! Resin blending 
!! Mat formation 
!! Compressing 
!! Edge trimming, 

sanding 
!! Transport to 

wholesalers 

!17.74 !25.71 

840 tonnes 

(Assuming 
2.8 tonnes 
per 100 
boards/day 
for 300 days) 

Strengths/Opportunities 

!! High value 

Weaknesses/Threats 

!! High cost 
!! High investment required 
!! Existing units far from 

lantana-infested areas 

Thermal 
energy 

!! Lantana removal 
!! Wood chipping/ 

shredding 
!! Drying 
!! Briquetting 

(optional; not 
needed if wood 
chips are of larger 
size) 

!! Transport to 
gasifier units 

!! Gasification 

!11.82 (with 
briquetting 
expenses) 

!26.11 

1,200 tonnes 

(Assuming 
10 gasifier 
units absorb 
400 kgs of 
lantana 
biomass/da
y for 300 
days) 

Strengths/ Opportunities 

!! High value 
!! Decent net benefit 
!! Consumption points are 

near lantana-infested sites 
!! Energy is always in 

demand 
!! Alternate renewable 

energy source reduces 
dependence on fossil fuels 

Weaknesses/Threats 

!! Cheaper alternative 
sources of energy, like 
solar, are available 

!! High initial investment 
!! Energy cannot be stored 

Biochar 

!! Lantana removal 
!! Wood chipping/ 

shredding 
!! Drying 
!! Briquetting 

(optional; not 
needed if wood 
chips are of larger 
size) 

!! Transport to 
gasifier units 

!! Gasification 

!9.94 
(without 

briquetting 
expenses) 

!25 
(Consider
ing only 
biochar 
sales; not 
the 
potential 
revenue 
from 
applying 
biochar) 

1200 tonnes 

(Assuming 
10 gasifier 
units absorb 
400 kgs of 
lantana 
biomass/da
y for 300 
days) 

Strengths/ Opportunities 

!! Increasing market demand 
!! Additional revenue 

opportunities like carbon 
credits, agricultural 
benefits. 

Weaknesses/Threats 

!! High cost (if biochar is 
produced through 
gasification) 

!! Carbon markets are not 
yet to develop in India 

!! Biochar is not yet widely 
used for agriculture 
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Thermal 
energy with 
biochar as by-
product 

!! Lantana removal 
!! Wood chipping/ 

shredding 
!! Drying 
!! Briquetting 

(optional; not 
needed if wood 
chips are of larger 
size) 

!! Transport to 
gasifier units 

!! Gasification 

!11.82 (with 
briquetting 
expenses) 

!33.10 

1200 tonnes 

(Assuming 
10 gasifier 
units absorb 
400 kgs of 
lantana 
biomass/da
y for 300 
days) 

Combination of the above two 

Annexure 4A. Value realisation of lantana products 
Table A8: The maximum possible value that can be realised from different products (the ‘remarks’ 
column details the calculation we followed to arrive at the amount 

End product Amount (per kg 
of lantana) Remarks 

Particle board !25.71 

Lantana biomass required per 1 particle board of size 18 sq. ft. is 28 
kg based on the prototyping exercise (2.8 tonnes used to create 100 
boards).  

Particle board cost per sq. ft. is !40. So, 18 sq. ft. particle board costs 
18 x 40 = !720. So, the value realisation per kg of lantana from particle 
board is = !25.71 (720/28) 

Thermal Energy !26.10 

The gasification experiment conducted with Biotherm Industries 
found that 400 kgs of lantana produced 12,00,000 kcal of thermal 
energy, which is equivalent to 104.34 kgs of LPG (calorific value of 
LPG = 11500 kcal/kg). So, 1 kg of LPG = 3.83 kg of lantana biomass. 

The commercial LPG cylinder price is !2,000 (+/- 5%) and the per kg 
price of LPG is approximately !100. So, 1 kg of biomass = 100/3.38 = 
!26.10 worth of LPG. 

Biochar !25 

The maximum quantity of biochar produced from the gasification 
process is 25% of the total biomass quantity. So, 100 kgs of lantana 
yields 25 kgs of biochar.  

The market for biochar is not mature enough; the price varies largely 
from !25 to !250 for one kg, depending on the target market; we 
could assume an average of !100/kg of biochar. So, the value 
realisation per kg of lantana from biochar is (25/100) x 100 = !25 
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Thermal energy 
with biochar as 
by-product 

!33.1 

The quantity of biochar produced as a gasification by-product is  % 
of the total biomass quantity. So, 100 kgs of lantana yields 7 kgs of 
biochar.  

The market for biochar is not mature enough; the price varies largely 
from !25 to !250, depending on the target market; we could assume 
an average of !100/kg of biochar. So, the value realisation per kg of 
Lantana from biochar is (7/100) x 150 = !7. 

Total value = Value of (energy + biochar) = 26.10 + 7.00 = 33.10 

 

Annexure 4B. Supply chain cost break-up of value-added products 
!"#$%&'()&!*%&+,-.&$/-.%0&*%1%&/-&2%1&34&,5&$"6."6"&#/,7"--&

Particulars 
Thermal 
Energy 

Particle 
Board Biochar 

Thermal 
Energy + 
Biochar 

Remarks 

Revenue realisation ! 26.11 ! 25.71 ! 12.50 ! 33.10  

Processing cost ! 3.82 ! 9.74 ! 1.94 ! 1.94  

Transportation cost ! 1.00 ! 1.00 ! 1.00 ! 1.00 An equal distance of 100 kms is 
assumed. 

Removal cost ! 7.00 ! 7.00 ! 7.00 ! 7.00 Please refer the Annexure 3 

Margin ! 14.29 ! 7.97 ! 2.56 ! 23.16 Revenue realisation - total cost 

Break up of processing cost (for 10 tonnes/hectare) 

a. Lantana wood chip processing/shredding (petrol engine-operated machine with 750 kg/hr efficiency) 

Chipper 
machine/shredder 
running cost 

! 1,760 ! 1,760 ! 1,760 ! 1,760 

Assuming 750 kg/hr efficiency 
and 1.2 litres/fuel efficiency 
Petrol price is assumed as ! 
110/litre 

Labour cost ! 1,666.67 ! 1,666.67 ! 1,666.67 ! 1,666.67 

Labor cost of processing 10 
tonne of Lantana with 2 people 
operating the wood chipper/ 
shredder 

Chipper machine 
depreciation cost 

! 387.50 ! 387.50 ! 387.50 ! 387.50 25% resale value is assumed 
after 4,000 hrs of operation 

Total processing cost ! 3,814.17 ! 3,814.17 ! 3,814.17 ! 3,814.17 Lantana wood processing costs 
for 10 tonnes 

Processing cost per kg 
of wood chips ! 0.38 ! 0.38 ! 0.38 ! 0.38 Per kg wood chipping/ 

shredding costs 
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b. Gasifier operational costs (400 kg of biomass utilisation per day) 

Briquetting expenses ! 15,000 NA NA NA Briquetting expenses are !1,500 
per tonne of lantana.  

Gasifier labour charges ! 12,500 NA ! 12,500 ! 12,500 One person working at the rate 
of 400 kgs/day 

Other operational 
expenses (supervision, 
losses, scheduling etc) 

! 6,875 NA ! 3,125 ! 3,125 
25% is assumed for 
miscellaneous operational 
expenses 

Total operational cost 
for gasification ! 34,375 NA ! 15,625 ! 15,625 For 10 tonnes of lantana 

Gasification cost per kg ! 3.44 NA ! 1.56 ! 1.56 Per kg 

c. Particle board (100 boards per day from 2.8 tonnes of lantana) 

UF Resin required/ 
day/100 boards  ! 14,000    

Cost of other chemicals  ! 2,000    

Electricity coverage = 
kwh (kilowatt hour)/day 
@ unit cost 

 ! 1,000   1 cubic metre required 250 units 

Fuel  ! 2,000    

Maintenance cost/day 
(optional)  ! 3,200   

Monthly maintenance cost = 
!96,000 

Labour for 5 persons (5 x 
800)  ! 4,000    

Total  ! 26,200   Total processing cost for 100 
boards 

Cost per board  ! 262   Divided by 100 

Cost per sq. ft.  ! 14.56   1 board = 18 sq. ft. 

Cost per kg  ! 9.36   
1 board is made from 28 kgs of 
lantana 

Total per kg processing 
cost ! 3.82 ! 9.74 ! 1.94 ! 1.94 

Sum of processing costs. 
Biochar processing cost is 
considered as zero as it is a by-
product of thermal energy. 

Break up of transportation cost (Distance of 100 kms is assumed) 

Total transportation cost ! 1.00 ! 1.00 ! 1.00 ! 1.00 
Average of vendor quotes for 
100 km distance 
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Annexure 5: Description of Removal Methods 

Manual removal 
Manual removal of lantana has been in practice for a decade. Over the last couple of years, ecologists 
have designed guidelines for manual removal, which is referred to as the cut-root-stock method. This 
method minimises the chances of regeneration, further ecological damage and is effective compared to 
other manual methods like slashing or burning. This method uses only a modified handheld tool like a 
gudli (Figure A6 below) for removal; three people at a time can remove a fully grown lantana plant.  

Semi-mechanised methods 
Semi-mechanised methods are not commonly practised. Brushcutter with circular blades (Figure A3) 
and chainsaw (Figure A7) can be used for cutting the branches, after which a chain-pulley (Figure A4) 
block can uproot the plant.  

Both tools have their own drawbacks. It is difficult to handle brush cutters through highly-dense lantana. 
It also involves cutting branches multiple times, which increases the chances of regeneration of lantana 
from the stems. The chainsaw is effective if the main branch is accessible from, which is not often the 
case with high-dense lantana growth. It is difficult to reach the main branch and operate chainsaws 
when one can barely sit. The chain pulley for uprooting is equally time-consuming; and hence is 
recommended only if it is difficult to remove using hand-operated tools like gudli.  

Despite these constraints, the above tools help in reducing the manual effort and manpower required. 
But it does not guarantee a reduction in the time required to remove lantana.  

Mechanised methods 
There are many different heavy machineries available to clear any type of land easily. But the 
peculiarities of lantana and its invasive nature does not allow us to use just any machinery for removal. 
Since the machinery needs to be operated in dense forest hinterlands and protected areas, utmost care 
is required so as to not disturb the soil and surrounding environment. 

These restrictions rule out the use of commonly-used machinery like excavators, JCBs, bulldozers as 
they disturb the soil a lot to clear the land. A spider excavator is another alternative, but it is very 
expensive and requires highly-skilled operators to navigate through the forest. 

Some organisations like Vinayak Enterprises in Gudalur have designed a custom-made tractor/JCB 
fitting called an ‘uprooter’ to wholly remove lantana plants one by one. The uprooter affects the soil less 
as it removes the plant one by one. This process still requires validations from ecologists. The uprooter is 
30–40 % more efficient compared to manual methods.  

If the same uprooter is attached to a Tata Hitachi, the machinery would be more flexible and fast 
because it’s smaller and because the handle rotates more than 180 degrees.  

To pull the uprooted lantana, a chain or rope tied to the shredder machine can also be used to reduce 
the manual effort needed to lug heavy branches through the woods. 
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Figure A3: Gudli (left) and brush-cutter 

 

 

Figure A4: Chain-pulley (left) and chainsaw 

 

 

!  
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Annexure 6: Comparison of lantana removal methods 
This section compares manual, semi-mechanised and mechanised removal methods alongside 
ecological, operational and economic factors marked in green, blue and red, respectively.  

Against each guideline, the compliance of the different removal methods is ranked with ‘high’ indicating 
high degree of compliance, ‘medium’ ranks less and ‘low’ shows poor levels of compliance against a 
particular parameter. 

Table A10: Comparison of compliance levels of different removal methods  

Lantana Removal Guidelines 

Manual Semi 
mechanised Mechanised 

Cut root stock 
method 
(Manual) 

Brush 
cutter/chain 
saw + chain 
pulley block 

Tractor 
operated 
uprooter 

Hitachi operated 
uprooter 

Slashing/cutting/burning alone is not 
advised. 

[Removing lantana only above the soil is not 
advised; as the roots stay alive below the soil] 

High High High High 

Disturbance of soil around the lantana 
should be minimal as the dormant seeds may 
get exposed to sunlight and grow, resulting in 
a counterproductive exercise. 

High High Medium Medium 

Breaking of branches should be minimal and 
cut lantana branches should not to be left on 
the ground 

High Low High High 

Minimal disturbance to the native species 
around 

High High Low Medium 

The tools should be portable/flexible High Medium Medium High 

Minimal manual effort per person Low  Medium High High  

Minimum time required to remove lantana Low Low Medium High 

Minimal manpower required Low  Medium High High 

Machinery/tool costs High High Medium Medium 
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Unit cost of removal Low Low Medium High 

 

Annexure 7: Proportion of lantana for different uses - a combinational business model 
Practically, a bioenergy cluster can contribute to the lantana biomass demand between a range of 0 to 
100% of the biomass that’s available, depending on the size of the cluster. But it is important that existing 
lantana-based livelihood opportunities are not replaced by the same. For example, lantana furniture and 
handicrafts is a source of income for the local community, which is why it is important to ensure a steady 
supply of lantana sticks for furniture-making collectives before initiating the large-scale lantana removal.  

Figure A5: The biomass distribution in a lantana plant.  

 

The parts useful for furniture-making may constitute only 10% of the total lantana biomass as only good 
quality stems can be used for this purpose. So, around 90% of the biomass (leaves, roots, branches and 
inferior stems) can be used for applications such as biomass feed for gasification, raw material for 
particleboards, bio-bricks etc. Out of the 90% dried lantana biomass available, whatever remains after 
the lantana bioenergy cluster has consumed its share, can be supplied to nearby particle board units, 
bio-brick units etc. in the form of wood chips or pulverised lantana.  

The first step in designing a business model around the lantana bioenergy cluster would be to assess 
the energy demand in the cluster. 
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Table A11 shows how lantana proportions for different value chains vary based on the energy demand of 
the bioenergy cluster. 

Table A11. Proportion of lantana for different value chains 

Energy 
demand (kg 
LPG per day) 

Lantana biomass 
for energy 

Lantana biomass 
for furniture 

Lantana biomass for 
commodity-only 

supply chain 

Biomass requirement per 
year in kgs (# of units x 400 

kgs x 300 days) 

500 80% 10% 10% 600,000 

400 64% 10% 26% 480,000 

300 48% 10% 42% 360,000 

200 32% 10% 58% 240,000 

100 16% 10% 74% 120,000 

 

The % of lantana biomass for energy is estimated as biomass requirement per year as a percentage of 
total lantana biomass available from 75 hectares ( ie. 750 tonnes). 75 hectares is the maximum possible 
area that can be cleared using one business unit. 10% of the total biomass is reserved for furniture and 
the remaining can be supplied to nearby industries as raw material.  

Annexure 8: Financial Model of the Restoration Company 

8A: Minimum viable business unit 
A minimum viable business unit is the smallest business unit that can be financially viable with one 
lantana removal and restoration unit. Assuming one removal and restoration unit would be able to clear 
a maximum of 65 hectares in a year (assuming 260 working days) using optimised removal methods. 
Table A12 shows the components in one removal and restoration unit.  

Table A12. Minimum Viable Business Unit Lantana removal and restoration unit 

Business unit components Quantity 

Area 1 hectare 

Lantana weight (dry) 10,000 kg 

Removal manpower 12 person-days 
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Machinery 2 days of Uprooter operation 

12 hrs of Wood chipper operation 

Manpower involved 2 persons for removal 

1 for uprooter operation 

4 for moving the lantana 

4 for clearing the land after removal 

2 for wood chipper operation 

10 people for restoration 

No of days for removal and processing 2 days for removal 

2 days for moving, clearing and converting to wood chips 

 

From 65 hectares of lantana-infested area, a minimum of 650 tonnes of dried biomass can be 
generated. The Lantana biomass share for bioenergy clusters can range from 16% to 96% based on the 
number of gasifiers (1 to 6) that can absorb the biomass.  

A cash flow analysis of business units (Table A13) with different numbers of gasifier units shows that a 
minimum viable business unit should constitute a minimum of three gasifier units for one removal and 
restoration unit (assuming 10 % cost of capital) 

Figure A6: An illustration of a Minimum Viable Business Unit 
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Table A13: Identifying a Minimum Viable Business Unit (column one denotes lantana-infested land to 
be restored over 20 years; NPV - Net Present Value, IRR - Internal Rate of Return, PI - Profitability Index) 

Area of 
Lantana 
infested 

land 
restored in 

20 years 

Removal 
Units 

Gasifier 
Units 

Initial 
Investment 

Annual cash 
outflow 

Annual cash 
inflow 

NPV IRR PI 

1300 HA 1 1 8,378,750.00 8,319,263.33 4,917,663.19 (46,607,265.13) #NUM! (4.56) 

1300 HA 1 2 10,253,750.00 8,465,343.33 7,560,326.37 (20,424,685.19) #NUM! (0.99) 

1300 HA 1 3 12,128,750.00 8,611,423.33 10,202,989.56 5,757,894.75 15.52% 1.47 

1300 HA 1 4 14,003,750.00 8,757,503.33 12,845,652.74 31,940,474.69 32.98% 3.28 

1300 HA 1 5 15,878,750.00 8,903,583.33 15,488,315.93 58,123,054.63 45.42% 4.66 

1300 HA 1 6 17,753,750.00 9,049,663.33 18,904,200.00 92,995,393.83 59% 6.24 
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7B: Scale up 
Table A14 shows how a minimum viable business unit can be scaled up to eradicate lantana from a region completely.  The viability and 
profitability of the business can be increased either by the size of the business unit or by value maximisation within a given scale. 

Table A14. Scale up of MVBU and cash flow analysis (The red cells denote an option that’s not viable and green marks the ideal option for the 
Restoration Company, given 5x size). 

Scale of 
restoration 
Company 

Area of 
Lantana 
infested 

land 
restored in 

20 years 

Removal 
Units 

Gasifier 
Units Initial Investment Annual cash outflow Annual cash inflow NPV IRR PI 

Minimum 
Viable 

Business 
Unit 

1300 HA 1 3 12,128,750.00 8,611,423.33 10,202,989.56 5,757,894.75 15.52% 1.47 

Value 
maximisatio

n from 
minimum 
viable unit 

1300 HA 1 6 17,753,750.00 9,049,663.33 18,904,200.00 92,995,393.83 59% 6.24 

3 X MVB 3900 HA 3 9 26,826,250.00 21,698,270.00 30,608,968.67 73,315,672.64 37% 3.73 

3 X MVB 
with 

maximum 
value 

3900 HA 3 18 43,701,250.00 23,012,990.00 56,712,600.00 335,028,169.89 81% 8.67 

5 X MVB 
with min 

value ( 1 GU 

6500 HA 5 5 22,793,750.00 33,720,316.67 24,588,315.93 (125,422,752.01) #NUM! (4.50) 
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each) 

5 X MVB 
with 2 GU 

each 
6500 HA 5 10 32,168,750.00 34,450,716.67 37,801,631.85 5,490,147.68 12% 1.17 

5 X MVB 6500 HA 5 15 41,543,750.00 35,181,116.67 51,014,947.78 136,403,047.38 42% 4.28 

5 X MVB 
with 4 GU 

each 
6500 HA 5 20 52,418,750.00 35,911,516.67 64,228,263.71 265,815,947.07 58% 6.07 

5 X MVB 
with 5 GU 

each 
6500 HA 5 25 61,793,750.00 36,641,916.67 77,441,579.63 396,728,846.77 70% 7.42 

5 X MVB 
with 

maximum 
value 

potential ( 6 
GU each) 

7503 HA 5 30 71,168,750.00 37,372,316.67 94,521,000.00 571,090,542.79 84% 9.02 

Since a business unit with a scale of five MVB will be able to restore an area of 7,500 hectares, a tiger reserve of 54,000 hectares and 40% 
lantana infestation (21,600 hectares) would require 3 such business units to eradicate lantana.
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8C: Assumptions 
The above financial model is based on certain assumptions given below: 

Table A15: Detailed break-up of the assumptions feeding financial model in Table A14 

Assumptions Value Remarks 

Lantana removal cost 
per tonne 

2500 (! per 
tonne) 

Lantana removal is assumed to be optimised using ecologically 
compliant and operationally feasible innovative tools. The cost 
includes the wage expenses for removal activity, machinery 
operation costs, wage expenses for moving the lantana to the 
storage area and wage expenses for clearing the Land after removal. 
Also, 2.5 Rs per Kg is the maximum viable removal cost considering 1 
Re per Kg transportation cost and 3.5 Rs cost of Lantana chips in 
commodity supply chain. 

Maximum area that 
can be cleared by 1 
removal unit in an 
year 

65 Ha 

With the optimised removal method, 1 HA land would be covered in 4 
days. At this rate, a maximum of 65 HA can be cleared in 260 days. 

Minimum dried 
Lantana biomass 
availability per 
hectare 

10 tonnes 

$%&!'(!)*+,*+*!-./0*11!*2*.)*-.).,3!2*&.%1!-*1%4!/+!4%+1.,3!*+4!
,5.67+%11!/8!9*+,*+*:!;+!*+!*2%&*<%!#=!,/++%!>%,!-./0*11!.1!*11?0%4!
,/!-%!*2*.)*-)%!8&/0!#!'(!*&%*@!>5.65!/+!4&3.+<!>/?)4!&%4?6%!,/!#A!
,/++%:!

Time allowed for 
eradicating the 
Lantana 

20 years 
B,!.1!%CD%6,%4!,5*,!,5%!9*+,*+*!&%0/2*)!15/?)4!-%!16*)%4!?D,/!%&*4.6*,%!
9*+,*+*!.+!EA!3%*&1!

No of effective days 
assumed in an year 260 days  

Lantana removal cost 
in 2nd year for the 
same area as a 
percentage of 1st year 
cost 

20% of cost in 
first year 

https://indiabiodiversity.org/biodiv/content/projects/project-
fc210795-5976-42f6-ad1b-7f96a02dd819/826.pdf ( Page 9) 

Lantana removal cost 
in 3rd year for the 
same area as a 
percentage of 1st year 
cost 

10% of cost in 
second year 

https://indiabiodiversity.org/biodiv/content/projects/project-
fc210795-5976-42f6-ad1b-7f96a02dd819/826.pdf (Page 9) 

Capacity required for 
the decentralised 
warehouse 

50 tonnes 
Assuming 1 storage area for 1 removal unit 
Maximum duration between the trips: 7 days 
Lantana biomass removed in a week by one unit: 18 tonnes 
Lantana biomass dispatched in a trip: 6 tonnes 
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Maximum surplus biomass per week: 18-6 = 12 tonnes 
Storage capacity = Biomass removed in an week + Maximum surplus 
possible from previous week + 25% buffer = 18+12+10 = 50 tonnes 

Building cost of one 
warehouse for lantana 
with 50 tonne 
capacity 

400,000 (! per 
tonne) 

Assuming 1 decentralised warehouse with 50-tonne capacity is built 
with Lantana chips stacked to 3 meters in height. 
Density/specific gravity of Lantana = 0.5 g/cm3 or 500 Kg/ m3 
Volume of 50 tonnes Lantana biomass= m/d = 50 ton/0.5 ton per m3 
= 100 m3 
Area = 100/3 = 33.33 sq meter = 359 sq ft 
For 359 sq ft, with per sq ft price assuming around 1000 rs, the cost of 
construction = 1000*359 = 3,59,000 + Miscellaneous 

Purchase cost of the 
optimised mechanical 
Lantana removal tool 

!1,500,000 
The optimised Lantana removal tool is assumed to be a modified 
version of Hitachi operated uprooter, which may cost around 15 
Lakhs INR 

Supervisor Salary 30000 (! per 
month( 

Salary of 20000 Rs per month and other allowances for travel, 
accommodation etc. 

Manual labour wage 500 (! per day)  

Person days to restore 
( after removing 
Lantana) 1 HA land 

40 person days 
Based on previous experience 

Restoration tool cost 
2,000 (! per 

person) 
Based on previous experience 

Transportation vehicle 
for restoration work !300,000 

https://www.rushlane.com/mahindra-treo-zor-electric-cargo-
12381277.html 

Per km operational 
expenses for electric 
vehicle 

1.5 (! per km) 
A maximum of 1.5 Rs per Km is assumed to be the running expense of 
electric cargo vehicle 

Distance, transporter 
vehicle for restoration 
need to cover in a day 

50 km 
It is assumed that the electric cargo vehicle for restoration purpose 
will have an avergae daily distance of 50 km covered 

Plantation expenses 10000 (! per ha) If the land is restored by bamboo 

Restoration manager 
salary 

60000 (! per 
month) 

1 Restoration manager would be enough, even for 5 Lantana removal 
units 

Efficiency of wood 
chipper per hour 750 (kg/hr) 

A wood chipper/ shredder with the cost of 1-2 Lakhs would have 
around 1 tonne per hour eficiency; Assumed 750 Kg per hour on 
conservative basis 

Shredder fuel 
efficiency 1 (litres per hour) Shredder fuel efficiency 
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Diesel expenses 100 (! per litre)  

Wood chipper cost !300,000 Wood chipper cost of 1.5 Lakhs and second-hand mounting vehicle 
worth 1.5 Lakhs 

Vehicle cost !1,200,000  

Distance for 
transporting Lantana 
chips within 
bioenergy cluster per 
trip 

100 km 

Including both directions 

Mileage of vehicle 10 km per litre  

Capacity per trip 6 tonnes Maximum capacity is 8 tonnes; assumed 6 tonnes per trip 

Biomass requirement 
of 1 gasifier per year 120 tonnes 400 Kg biomass for 300 days ( Based on the experiment with 

Biotherm) 

Loading and 
unloading charges 0.26 (! per kg) Industrial norms 

Gasifier Installation 
costs !1,500,000 As per quote by Biotherm 

Gasifier operational 
expenses 1.94 (! per kg) Refer Annexure 4 B 

Transportation 
expenses for 
commodity supply 
chain 

1 (! per kg) 

Taking average of vendor quotes for 100 Km transportation 

Revenue realisation 
from producer gas 

25.52 (! per kg of 
lantana) 

LPG price per Kg = 115 Rs ( Including the additional transaction costs 
for hilly/ remote areas) 
Assuming producer gas can be provided at around 85% of the LPG 
cost 
Revenue realisation per Kg of Lantana = 115*85%/3.83 

Revenue realisation 
from commodity 
supply chain 

3.5 (! per kg of 
lantana) 

Refer Annexure 4 A 

Cost of capital 10% 
 

Inflation Rate ( YoY) 4% https://www.statista.com/statistics/271322/inflation-rate-in-india/ 
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8D: Sensitivity analysis 
The above financial model is subject to change based on factors like lantana removal cost, revenue 
realisation, density of lantana, the biomass availability per hectare, the nature of restoration etc. The 
business viability and cash flow projections are subjected to variations based on these factors:  

1. IRR for 5 x MVB units with price of producer gas and lantana removal cost as input variables 

Table A16. Sensitivity analysis (IRR) 

 
IRR 

Price of producer gas as % of LPG price  

42% 100% 90% 80% 70% 60% 

Lantana removal 
cost/tonne 

2500 
GEH! "IH! F=H! EEH! =H!

3500 
=AH! FJH! E"H! KH! LMNOP!

4500 
FIH! EGH! #AH! LMNOP! LMNOP!

5500 
EKH! #FH! LMNOP! LMNOP! LMNOP!

6500 15% #NUM! #NUM! #NUM! #NUM! 

 

2. Profitability Index for 5 MVB units with price of producer gas and lantana removal cost as input 
variables 

Table 17. Sensitivity analysis (PI) 

Profitability Index Price of producer gas as % of LPG price 

Lantana removal 
cost/tonne 

4.28 100% 90% 80% 70% 60% 

2500 
G:"K! =:A#! F:==! E:AI! A:GF!

3500 
=:EE! F:JG! E:F! A:KF! QA:GF!

4500 
F:IG! E:=! #:A"! QA:"E! Q#:KI!

5500 
E:J! #:E"! QA:EE! Q#:GK! QF:#"!
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6500 
#:"=! QA:A#! Q#:"K! QE:I"! Q":"!

 

!  
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8E: Assumptions for scenarios based on lantana density variations 
!
As lantana density decreases, the per hectare biomass availability also decreases and leads to reduction 
in revenue. But the total cost involves trends in both directions as listed below: 

!! As the biomass availability per ha decreases, the total biomass to be handled decreases, which 
leads to decrease in processing and transportation costs. 

!! As the lantana removal effort decreases, the removal cost per ha decreases. Since the biomass 
availability per ha also reduces, the removal cost per tonne almost remains the same. 

!! But due to additional operational efforts to achieve the same quantity of biomass in case of lower 
densities, the lantana removal cost per tonne for lower densities will be higher than that for 
higher densities.  

Here, it is assumed that there will be an additional cost equivalent to !1,000 per tonne required for 
medium-density lantana infestation compared to high density, and an additional cost of !1,500 per tonne 
will be required for low-density area compared to medium-density.  

 

 

 


