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ABSTRACT: The purpose of this work is to provide business planning elements for local energy service companies
interested in managing the production and commercialization value chains of agro-forestry biomass based energy. The value
chain aspect of the analysis provides insight for local policy makers on the various opportunities in sustain public-private
partnerships. The “Biomass ESCO model” is proposed for enterprise development, which suggests bringing about an
optimization of enterprise performance through a vertical integration strategy. While the core function the Biomass ESCO
enterprise remains the energy service - the heat supply service or the cogeneration business - up stream integration becomes
crucial to secure appropriate volume and quality of biomass feed-stocks as well as a sound market infrastructure.
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INTRODUCTION

This paper is focused on the market conditioning
elements for an efficient agricultural and/or forest
biomass utilization in order to produce heat energy
service or co-generation of heat and power. The market
development potential in Tuscany is analyzed through the
discussion of an enterprise model that identifies and
integrates a complexity of economic activities along the
biomass to energy value chain.
While the economic convenience of setting up a bioenergy value chain is certainly related to feedstock
production costs and processed bio-fuel costs, it also
depends on the following technical and strategic factors:
• Methods of biomass collection, handling and
transport
• Existing set of Bio-energy incentives
• Energy technologies and plants (dimension,
efficiency, output)
• Dynamics of conventional fossil fuels costs
• Supportive attitude of local authorities to biomass
value chains
In developing a bioenergy activity and business plan,
the myriad factors of the supply value chain as well as the
satisfaction of needs on the demand side, including a
convincing alternative fuel substitution, must be
analysed.
Ongoing discussion with agro-forestry enterprises in
Tuscany, together with the analysis of best practices in
other Italian and European contexts, suggest that the most
sensible and profitable enterprise models are those
focused on offering an all encompassing energy service
to the final energy end-user, particularly in the cases of
heat energy service. We called such enterprise Biomass
ESCO (Energy Service Company), which in other words
can be defined as an enterprise that manages the whole
relevant biomass energy value chain activity either
through a vertical integration or by establishing sound
and durable contractual relations with the other value
chain actors. Features of Biomass ESCO therefore can
include:
• Securing the supply of quality feedstock & its
processing
• Acting as an Energy Service Company
• Developing commercial relations with technology
suppliers
• Developing business relations with finance sector

•

•

Offering clients a turn-key energy solution with
advantages such as energy savings or public clean
energy generation incentives.
Ownership: any supply side actor can participate in
the enterprise.
2. POLICY FRAMEWORK

Two main national policy frameworks in Italy
currently constitute the backbone of support to
renewable energy market development:
1. Renewable Energy Obligatory Quota Regime: a
growing percentage of power production from renewable
sources is mandated (3.05% in 2007, with a growth factor
of 0.75%/yr for 2007-2012).
2. Energy Efficiency Requirement: as part of an
energy efficiency plan 2006-2009, the Italian energy
distributors are required to diminish primary energy
consumption by 2.9 Million TOE by 2009.
In addition, the recent constitutional reform in Italy
has shifted several planning responsibilities to the
Regional authorities, including energy planning. Tuscany
Region has just drafted a Regional Energy Plan (PIER)
which supports bio-energy market development, together
with PSR (Rural Development Plan), providing funds for
bioenergy sectors and agro-forestry based biomass value
chains.
3. TUSCAN BIOMASS SUPPLY
The following table shows that Tuscany is a region
with a significant availability of wood and agricultural
residues that can be utilized for bio-energy utilization.
Table I. Forest wood use by Region (m3). Source
ISTAT 2006 (data 2003)
Wood for
bioenergy
(minimum)

Total wood

Wood for
bioenergy
(maximum)

TUSCANY

1,376,027

1,601,140

1,425,830

3,026,970

ITALY

5,504,040

7,891,391

5,978,240

13,869,631

NORTH

1,329,219

2,802,516

1,449,510

4,252,026

CENTRE

2,548,167

2,942,134

2,708,202

5,650,336

SOUTH

1,626,654

2,146,741

1,820,528

3,967,269

Total wood
(max)

Table II. Regional estimated biomass available;
Sources: Regione Toscana, 2008; Arsia, 2006; Bernetti,
2003; Bonari, 2004
Biomass feedstock

Estimated availability

FOREST MANAGEMENT BIOMASS
BIOMASS RESIDUES FROM
AGRO_FORESTRY AND WOOD INDUSTRY

1.400.000 ton/year
1.090.000 ton/year

VINEYARD TRIMMINGS

157.000 ton/year

OLIVE TREE TRIMMINGS
URBAN TREE TRIMMINGS
WOOD GOODS

216.000 ton/year
AND

OTHER
175.000 ton/year

An estimate of the annual energetic potential for each
municipality was performed taking into account 3
different scenarios, with a maximum 20% rate of
accessibility of forest, a humidity factor of 30 %, an
average PCI of 3,5 kWh/kg. The different scenarios take
into account tree average wood cutting cycles of 15, 20
and 25 years respectively, as well as different forest
density factors.
Table III. Annual energetic potential of Mugello’s
forests. Source: Ecosoluzioni with data IFT.

Regional biomass availability can be assessed with
GIS tools for a first screening useful for development
planning exercises.

Annual energetic potential (MWh/anno)
Scenario 1

Scenario 2

Scenario 3

BARBERINO DI MUGELLO

74,157

31,131

5,182

BORGO SAN LORENZO

69,300

24,330

3,704

FIRENZUOLA

146,164

38,777

6,478

MARRADI

53,340

17,800

2,820

PALAZZUOLO SUL SENIO

51,794

18,574

3,151

SAN PIERO A SIEVE

25,025

10,998

1,645

SCARPERIA

38,407

13,652

2,464

VAGLIA

36,050

16,114

2,652

VICCHIO

74,581

21,350

2,943

TOTAL MUGELLO AREA

568,817

192,727

31,040

4. THE BIO-ENERGY MARKET DRIVERS

Figure 1: Map overlay of potential energy from
forest and agricultural wastes from olive and vineyard
cultivation (sqKm) by province.

There are several significant drivers that could
support enterprise investment in the biomass energy
sector in Tuscany.
Firstly, the Region’s power requirement has been
higher than production for many years and Tuscan
Electricity Supply Deficit in 2006 reached 4598
GWh/year. In addition, the electricity prices paid by
enterprises are quite high (national average prices are
20% higher than European average prices for electricity
and even higher for industrial market)

An Ecosoluzioni study conducted for the Mugello
Mountain Community (Guidi, Cesano, 2006) shows that
about 75 % of local biomass is composed of productive
forests (119328 ha). In this context the greatest potential
is related to coppices, because there is no competing use
of this material,, they could be simply used as wood for
domestic heating.
Regional
demand
Regional
production

electricity
electricity

Regional
Regional
overproduction

electricity
electricity

Figure 3. Tuscany Region Electricity Balance Trend
1973 – 2006 (GWh)

Figure 2. Forest in Mugello area, divided in
coppicies and fustaie. (Source: Ecosoluzioni, data IFT)

Secondly, fossil fuel prices are continuing to grow
and an inversion of trend is not foreseen.
Finally, the Italian government has introduced a new
set of market incentives for supporting biomass “short
value chains” development. Tuscany has harmonized its
grant making to the national policy guidelines, especially
those favouring the rural and mountainous areas. The
concept of “short value chains” is defined when the
feedstock supply chain is certified within 70 km radius of

power or heat and power plant location (equal to a
biomass supply basin of 1.538.000 hectares).
4.1 Market Incentive Mechanisms: White & Green
Certificates
White certificates are issued for certified primary
energy saving projects and traded on Borsa elettrica:
while the certificate’s reference value defined by the
national authority for energy and gas (AEEG) is €
100/TOE, the average market price in Q2 200 was €
69/TOE. As defined by AEEG, there are two kinds of
energy efficiency eligible actions for biomass: 1) small
CHP plants for building heating and cooling and hot
water production; 2) district heating for building airconditioning and hot water production.
Green certificates are the market incentive for
efficient implementation of the obligatory quota regime
related to renewable electricity production (see par.2).
Their market price is continuing to rise as shown in the
following Figure.

Biomass energy development in Tuscany needs to
rely on environmental benefits, economic conditions but
also final users and appropriate local markets. A
sustainable business plan has to be founded on an
assessment of the local heat and energy demand in order
to correctly dimension a local bio-energy chain.
The idoneus end users of district heating or
individual building heating services in Tuscany include
agricultural and agri-tourism farms, rural housing
developments, public buildings and small local
industries. For these heating markets, in the Mugello
study (Guidi, Cesano 2006) energy demand, volumes and
energy costs have been analyzed and the results of heat
service fuel switch shown in the following table.
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Figure 5. Fuel consumption, actual fuel costs,
savings per end-user

Figure 4. Green certificate price trend
The new power generation incentives consolidated
with the 2008 Budget Law offer an all-encompassing
feed-in tariff for < 1 MW size energy plants: in the case
of bio-energy sources the feed-in tariff is equal to
30c€/kwh and the power purchase agreement is a 15 year
period. When power plants are > 1 MW size the green
certificate regime applies and a multiplier of 1,8 is
applied to support short value chains of biomass. (Table
4)
Table IV. Feed in tariff and green certificate
multipliers
Feed-in Tariffs ( < 1 MWe plants)

Green Certificate Multipliers

Wind power (< 200 kWp) c€ 30/kWh Wind power (> 200 kWp)

1,00

Geothermal power

c€ 20/kWh Geothermal power

0,90

Wave power

c€ 34/kWh Wave power

1,80

Mini hydro power

c€ 22/kWh Hydro power

1,00

Biodegradable waste

c€ 22/kWh Biodegradable waste

1,10

Biogas from landfill

c€ 18/kWh Biogas from landfill

0,80

Biomass/Biogas from
agriculture
and forestry “short”
value chains

c€ 30/kWh Biomass/Biogas from
agriculture and forestry “short”
value chains

1,80

5. EXAMPLES OF
ENERGY END-USERS.

IDONEOUS

BIOMASS

6.

BIOMASS ESCO BUSINESS APPROACH

The above defined Biomass ESCO enterprise is based
on an energy service business model in which the
entrepreneur is able to harness and share an edge revenue
flow with the heating service end-user or with the
cogeneration plant partners/hosts (i.e. the feedstock
suppliers).
In other words, a Biomass ESCO has to structure an
efficient enterprise able to cover all its costs as well as
provide a fair advantage to the client/partner.
In cases of heating service, the business advantage
comes from the substitution of more expensive fossil fuel
based energy systems: the ESCO offers a contract with
clients in which it takes responsibility for the whole
biomass value chain and safe delivery of service,
including the financing of the new furnaces.
As shown in the figure 6 example, a typical contract
is one in which the ESCO enterprise provides a turn key
service and a quota of the energy bill savings (from fuel
switching) is given as a discount to the client and another
quota is used for financing the whole ESCO enterprise
intervention for a number of years.

EXAMPLE OF ESCO INTERVENTION WITH 50 % SAVINGS AND 8 YEARS SERVICE CONTRACT

approximately 4 years.

100%

Energy expenditure & savings

90%

ESCO REVENUE

50%

ESCO HEATING SERVICE NPV & PAYBACK TIME

ENERGY END-USER SAVINGS

END-USER
ENERGY
BILL
BEFORE
ESCO
PROJECT

€ 1.000.000,00
€ 800.000,00

SRI = 29,8 %

€ 600.000,00

ENERGY EXPENDITURE AFTER ESCO INTERVENTION
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Figure 6. Example of Biomass ESCO contract
model.
Such market development is possible any time the
demand side has the opportunity to recognize the
information offered in Figure 7: that there is a
considerable potential heat energy bill savings from fuel
switching to bio-energy and that the new system can be
supplied by professional ESCO enterprises in charge of
the whole value chain.
Heat service comparative costs by source (Euro/MWh)

Euro

100,0
90,0
80,0

89,1

83,8
74,1
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40,0
30,0

37,8
20,7

20,0
10,0
0,0

Figure 9. Performance of Biomass ESCO
A similar business model of biomass ESCO can be
summarized (Figure 10) for the supply of cogeneration
services. Given the potential for larger investments and
significant economies of scale, here the ESCO
(cogeneration company) has the potential to internally
integrate the finance company and technology supplier
functions. .The vertical integration or strong cooperation
with biomass feedstock suppliers is very important in
minimizing the fuel supply risks. In many cases, the
biomass supplier is also (at least in part) the client: for
instance a wine farm that offers the vineyard biomass
waste can purchase the heat for heating and cooling farm
needs, while the power produced is sold to the grid.
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COMPANY

COGENERATION COMPANY
Sale of
power +
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Figure 7. Heat service comparative costs
The core of the biomass ESCO business model is
therefore summarized in Figure 8: the main operators of
the supply chain are linked by a) strong contractual
relations based on the quality of products and services, or
b) the heating service company is participated by the
other operators, especially the biofuel supplier (agriforestry enterprise). In any case, the contractual relation
between ESCO and the biofuel supplier is regulated by a
transaction based on the quality of the product: the price
paid for the biofuel is parametrized for instance to its
humidity rate (€/tons at given w %). In such a model, the
end-user pays a bill related to the MWh of service
received and the enterprises are thus encouraged to
maintain a high quality of bio-fuels and of energy service
to maximize revenues.
AGRI-FORESTRY ENTERPRISE

FINANCE
COMPANY

€/ton (@
given w %)

HEATING SERVICE COMPANY
Sale of
heat

FURNACE
SUPPLIER/INSTALLER

€/MWh

END-USERS

€/MWh

Figure 10. The Biomass Cogen Business Model
To offer an example of the economic performance of
such cogeneration business, we considered a biomass
gassifier plant of 100 kWe,. The case study refers to a
wine farm in the province of Siena with solid biomass
residue for a cogeneration business: power sale to grid
with short value chain feed-in tariff, plus a small district
heating selling about 25 % of produced heat.
BIOMASS GASSIFIER 100 kWe PLANT
Province of Siena - Case of a wine farm with solid biomass
residue for cogeneration business: power sale to grid with short
value chain feed-in tariff + small district heating
REVENUES
Investment cost
Wine farm size
Biomass requirement
Electricity produced 24h case
Electricity produced 8h case
Heat produced
Heat service sold (25%)
Biomass collection costs
Amortization-loan service
Operation costs (24h)
Operation costs (8h)
Maintenance costs (24h)
Maintenance costs (8h)

Figure 8. The Biomass ESCO business model
We analyzed the potential economic performance of
this kind of Biomass ESCO enterprise: a cash flow
simulation (Figure 9) of a case of ESCO serving 10 endusers in a mountain area for a total of 900 kWth of
district heating service capacity, with an investment of
285000, the IRR is 29,8 % and the Pay back period is

TECHNOLOGY
SUPPLIERS

END-USERS

Main Parameters

Woodchips
supply
contract

€/ton (@
given w %)

Units

COSTS

Value

€
Ha

Ton/Y
kWh/Y
kWh/Y
kWhTh/Y
kWhTh/Y
€
€
€
€
€
€

340000
250
700
804598
268199
721000
180250

241379
80460
16223
14000
30000
112000
28000
5632
1877

Scenario of 24h plant operation

Operative margin
Payback time

95970
3,5

Scenario of 8h plant operation

Operative margin
Payback time

32138
10,6

Figure 11. Example of economic performance of a
biomass gassifier cogeneration system in Tuscany

7.

CONCLUSIONS

The case study shows that the agro-forestry
companies that produce biomass can take an active part
in local bio-energy value chain projects, developing
district heating or co-generation services. From analyses
conducted in Tuscany, it clearly appears that the
opportunity of developing bio-energy markets is growing
within local governments and actors.
Simulations of financial analysis for the Biomass
ESCO business show that this activity foresees
significant revenues due to the opportunity to harness
fossil fuel energy bill savings and (in case of
cogeneration) the high feed-in tariffs for “short value
chain” energy plants. Biomass fuel producers are
therefore motivated to produce good quality products
and agro-forestry biomass can be utilized/processed in a
more rational way.
This kind of ESCO enterprise and the whole chain
need the support of local governments for both smooth
permitting procedures and cooperation in securing the
rational utilization of publicly owned biomass as well.
Biomass ESCO interventions, indeed can give an “added
value” in terms of sustainable public forest management,
positive macro-economic impacts on the local economy
and environmental benefits.
Finally the case studies show that financial
sustainability and the profit of the bio-energy
interventions largely depend on the effort to obtain
integration of the most important business functions.
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