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Abstract. This study evaluates the types of biomass that can be used in boilers for the
production of steam and hot water for the Lauro Wanderley University Hospital located in
the city of Joao Pessoa, Paraiba, Brazil, using average cost of production and business
model analysis (Business Model Canvas). The study was conducted to subsidize a system
for the optimization of the energy resources to be adopted by the hospital, as the design of
a product or service production system can identify opportunities to reduce costs and
environmental damage. The energy demand of the hospital was surveyed. Only firewood,
sugarcane bagasse and pellets were considered in the analysis, as these are the types of
biomass allowed in the specified boiler. The results showed that the pellets were the
costliest resource, whereas firewood exhibited the best results considering the average cost
of production and the business model. This information supports more consistently the
adequate inclusion of this resource in the hospital superstructure and, consequently, the
optimization of the polygeneration system, allowing clearer verification of decreased costs
and environmental impacts.
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1 Introduction

Over the last few years, the use of multiple energy sources in energy supply systems to guarantee
reliability and improve energy use has been gaining attention [1-6]. Polygeneration, as it is more
commonly known, is defined as the combined production of two or more energy services to reach the
maximum use of the various energy sources used. Its main advantage is the efficient use of these sources,
as it requires detailed study of the generation-consumption ratio, the reliability and continuity of the
energy supply and the system’s improvements compared to autonomous systems. Polygeneration and
energy integration are promising tools for achieving better efficiency in the use of natural resources and,
in most cases, also reducing the environmental impacts generated [2]. Examples of the application of
polygeneration systems include the commercial [7-9], domestic [10-11], and industry [12-13] sectors

Some consumption units, such as hospitals, exhibit high energy consumption and require continuous
and simultaneous electric and thermal energy [14-16]. Therefore, hospitals are excellent units with
potential for deploying polygeneration systems, as their comfort conditions and electricity, hot water,
heating and air conditioning demands must be continuously met. There are recent studies on the
optimization of polygeneration systems in hospitals [17-19]. However, the optimal configuration of these
systems still represents a complex problem due to the wide variety of technological options for energy
supply and conversion and the large daily and annual variations in energy demands and in energy prices
and rates. According to Shang and Kokossis [20], variability in energy demand requires a project
methodology that results in efficient production systems (thermodynamic objective) that are able to
adapt to different demand and market conditions (operational flexibility) and can operate with minimal
economic costs.

Although the quantification of biomass use is a challenge, due to non-commercial uses, it is estimated
that it can represent up to 14% of global primary energy consumption; in some developing countries,
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this share can increase to 34%, reaching 60% in Africa [21]. Biomass availability is highly influenced by
crop patterns and regional variations of weather and seasons [22]. In Brazil, the availability of biomass
resource is mainly connected to the sugar and alcohol sector, paper and cellulose sector, agricultural
residues, wood industry residues, energy forests and oleaginous plants [23]. Sugarcane bagasse presents
the greatest potential for use in the short and medium terms, but other residues (rice straw and husk,
wood bark) can also represent other promising sources of biomass in Brazil [24].

Apart from residential cooking purposes, the most direct use for biomass fuel is in boilers. The most
frequent conversion technologies used in biomass boilers include step grate furnace, stationary grate
furnace, stoker combustion, suspension combustion, and fluidized bed combustion [22]. Despite economic
and environmental advantages [25-26], fouling, marketing, low heating value, storage, collection and
handling are all associated problems when burning biomass in boilers [27]. A review on the challenges
and opportunities associated with the use of biomass in energy conversion systems can be found in [28].
Sugarcane bagasse boilers have been evaluated on the basis of thermodynamics [29-30], economics [31],
and the environment [32-33]. Firewood boilers have been the objective of several studies [34-36]. Biomass
can be pressed into pellets, with regular shape and high density - the production and thermal utilization
of pellets can be consulted in [37]. There are also several publications on different viewpoints of the
utilization of biomass pellet boilers [38-40].

Hospitals around the world have benefitted from the use of biomass boilers [41-45], but currently
biomass boilers are not employed in hospitals in Northeast Brazil. Despite a study that evaluated
several possibilities for boiler biomass fuels in a Brazilian hospital [46], only one reported case of
utilization of biomass in Midwest Brazil was found after an extensive, detailed review - in this case,
sugarcane bagasse [47]. The integration of biomass in a polygeneration system would increase the
participation of renewables in heat and power generation, minimizing the global impact of the hospital's
energy supply system. Although biomass is not employed as a fuel in hospitals of Northeast Brazil, its
utilization would present advantages from energy and economic points of view. However, the tropical
climate, with no requirements for spatial comfort heating (only for sanitary hot water and steam),
prevents the immediate economic viability of a biomass-based energy system. This highlights the need
for the study presented herein, which analyzes the integration of biomass in optimized polygeneration
systems.

Herein a business model was developed, and the average cost of production was analyzed to evaluate
the use of three different types of biomass as energy resources for boilers for the production of hot water
and steam in a polygeneration system planned for a hospital located in Northeast Brazil. The analysis is
based on the superstructure established by Romero, Carvalho and Millar [17-18] and on the optimization
results found by Carvalho et al. [19], in which biomass was one of the energy resources with the best
results. Biomass represents an attractive option for Northeast Brazil, as this region counts with many
biomass sources, including sugarcane bagasse, firewood, coconut husk, to name a few. Initiatives for the
use of building construction waste could also represent important biomass sources. The results obtained
herein showed that an adequate choice of biomass could reduce the energy costs of the hospital in 3%
and 11%, when utilizing firewood and sugarcane bagasse, respectively.

The structure of the paper is as following: firstly the methodology used to characterize the energy
system is described, then the main characteristics of the hospital under study are described along with
the energy framework. Secondly, the methodology is described, followed by main results and discussion.

2 Methodology

2.1 Hospital Characterization

The hospital studied was the Lauro Wanderley University Hospital (Hospital Universitario Lauro
Wanderley - HU), located in Campus I of the Federal University of Paraiba (Universidade Federal da
Paraiba ~UFPB), Joao Pessoa, Paraiba, Brazil. The hospital encompasses an architectural complex of
approximately 44,000m?, of which approximately 9,000m? are under construction [48].

For the implementation of the polygeneration system, typical hospital energy demands were
considered: electricity, hot water, steam and air conditioning. The electricity demand is the energy
consumption from lighting, elevators and equipment and depends mainly on the size of the hospital. The
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hot water (used in the kitchen and laundry room) and steam (for sterilization) demands also depend on

the size of the hospital (number of beds). The thermal comfort demands (heating and air conditioning)

are strongly influenced by the local climate of the hospital facility. Due to the climate of Jodo Pessoa,

hot water demands for room heating are not necessary. Overall, the demands vary according to the

climate and the operating mode of the hospital. The climate will influence the hourly demands for

thermal comfort, and the operating mode of the hospital categorizes its operating days as “business days”
or “weekends” (or holidays). The energy consumption of hospitals during weekends and holidays is very

low, which is reflected in the measured electricity consumption.

To better represent the monthly influence of climate on the energy demands, the study period chosen
was one year (twelve months). The hospital operation only varies throughout the year according to the
type of day. Therefore, to characterize the hospital demands, two representative days were established
(a business day and a weekend day) per month. Each day is divided into 24 hourly periods, totaling 576
different operating periods during the year.

Due to the availability of real electricity data, these data were used for the electricity demands. For
the calculation of the representative hot water, steam and air conditioning energy demands (which do
not depend on the geographic location of the hospital), the sequential application of the degree-day
method [49], climate data [50], occupational data [51] and data obtained from energy audits [52] were
used. The steam demand was considered to be constant during the period of use for the sterilization
center, between 6 am and 8 pm, in addition to the demand from a thermal counter at the restaurant
during lunch and dinner. The hot water demand has two contributing factors: the laundry room, which
operates between 8 am and 6 pm, and internal use in the hospital, which operates 24 hours a day with
no interruptions.

Based on this analysis, the hospital has the following annual energy demands: 2791 MWh of
electricity, 1947 MWh of hot water, 138 MWh of steam and 2309 MWh of air conditioning. Electricity
was charged using hourly seasonal rates, with differential rates for the peak and off-peak hours [53]. In
the selected mode, the daily rate is Brazilian Real (BRL)$129/MWh, and in the peak hours, between 6
pm and 9 pm, the contractual rate is BRL$199/MWh.

The price of natural gas [55] does not have hourly or seasonal differentiation, and if any equipment
that uses natural gas is setup, the costs will also include the connection to the delivery network (gas
pipelines).

Similarly, the rate considered for diesel (BRL$149/MWh) is not differentiated hourly or seasonally,
and the setup costs of equipment that operate with diesel include storage tanks.

The biomass used in the optimization model proposed by Carvalho et al. [19] was sugarcane bagasse.
The state of Paraiba has eight sugarcane plants distributed among 26 municipalities along the coastline,
all near Jodo Pessoa [56]. This energy source was initially considered to meet the hot water and steam
demands of the hospital (using boilers). That model included only one type of resource and did not
consider the others that could be used by the equipment or specific regional features.

In this context, given the specifications of the manufacturer and supplier of biomass-fired boilers, a
study was required for closer approximation to the real conditions of biomass supply for the boilers in
the proposed polygeneration system. In this sense, the analysis was restricted to sugarcane bagasse,
firewood and wood pellets, which can be used in the specified equipment and are accessible to the
hospital studied.

2.2 Optimization Procedure: Description of the Superstructure and the Biomass
Equipment

The complexity of polygeneration systems in a synthesis problem can be captured by Mixed Integer
Programming (MIP) and consists of three major steps [57], where the first step is the development of a
representation of alternatives (superstructure of technologies and utilities). The second and third steps,
are, respectively, the formulation of a mathematical program and its resolution, from which the optimal
solution is determined. The superstructure shown in Figure 1 was designed to meet the energy demands
of the hospital studied.
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Figure 1. Polygeneration superstructure.

The hot water and steam demands will be met by boilers. The superstructure will use biomass,
electric energy and diesel as fuel for this equipment. The analysis will only consider the boilers that use
biomass for hot water and steam production to evaluate which biomass would be the most appropriate
to supply these demands, especially considering the average cost of production. The analysis results will
subsidize the optimization model proposed by Carvalho et al. [19] to analyze the sensitivity and
resilience of the model results.

The calculation of the amount of fuel required uses the technical data provided by the boiler
manufacturer with the following specifications: horizontal boiler for the production of 500 kgv/h for the
use of biomass fuel (firewood, sugarcane bagasse and wood pellets), maximum allowable working
pressure (MAWP) of 7 bar, 2-pass, steam temperature of 175°C and enthalpy of 662 kcal/kg, working
voltage of 220V, yield of 85% [58], the lower heating value (LHV) and the density of the materials.

2.3 Characterization of Boiler Fuels

Table 1. Boiler fuels.

PROPERTIES FUELS
Firewood Sugarcane bagasse Pellet [60]
LHV 3100 keal/kg [59] 2130 keal/kg [59] 4000 kcal /kg
Density 390 kg/m? 130 kg/m? 650 kg/m?
Price BRL$ 110/m? [61] BRLS 16.80/m? [62] BRL$ 344.50/m? [62]
MWh/m? 1.41 0.32 3.02
Fuel required (m?) Hot Steam Hot Steam Hot Steam
Water Water Water
1.587.98 112.55 6.997.03 495.94 645.55 45.69

According to the boiler manufacturer’s specifications, among the types of biomass that can be used in
the equipment, the following will be analyzed: sugarcane bagasse, firewood and wood pellets.
Considering the annual energy demands of the hospital, which are 1947 MWh for hot water and 138

FMR Copyright © 2018 Isaac Scientific Publishing



Frontiers in Management Research, Vol. 2, No. 1, January 2018 5

MWh for steam, the LHV of the fuel, the boiler efficiency and material density, the amount required for
each fuel was calculated, as presented in Table 1.

The conversion factor 1 kcal = 0.00116 kWh was used, together with boiler efficiency = 85%, to
calculate the required amount of fuel. The rates for each fuel were obtained by consulting with suppliers.
The price of firewood was BRL$ 55/st, which included transportation and delivery to the hospital
courtyard. This value is given per stere, and the conversion to cubic meter was performed using a
packing factor of 0.5 [63].

The chart in Figure 2 compares the MWh value of the biomass types analyzed with the conventional
electric energy rates provided by the electricity network, considering only the fuel price. The next topic
presents the average cost of production of the analyzed energy resources available for the biomass-fired
boilers.

R$ 250.00
R$ 200.00
-
g R$ 150.00 = Biomass
= [ - {J
= R$ 100.00 «@=Electricity (off-
= peak)
R$ 50. 00 Electricity (peak
I hours)
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Firewood Sugarcane Pellet
bagasse

Biomass Type
Figure 2. Comparison of MWh cost for the biomass types

2.4 Average Cost of Production

The price is set based only on the costs to evaluate the type of fuel to be used in the boiler (Table 2).
The investment cost, which consists of the supply, transportation, setup and maintenance of the
biomass-fired boiler, was obtained by consulting with suppliers, with the unit value of BRL$ 56,520.00
[58]. The boiler can use the three types of biomass analyzed here; therefore, the initial cost is the same
for all three. Transportation costs were calculated by Equation (1) [64]:

C = 15L+(0.025L)D (1)

C is the transportation cost (per m® st), L is the price of Diesel (per liter), and D is the distance in km.

Table 2. Total annual cost per biomass type

Cost Firewood Sugarcane Bagasse Pellets

Formation Hot Water Steam Hot Water | Steam Hot Water | Steam
Boiler Cost (BRL$) 56,520.00 56,520.00 | 56,520.00 56,520.00 | 56,520.00 56,520.00
Boiler Transportation (BRLS$) 13,800.00 13,800.00 | 13,800.00 13,800.00 | 13,800.00 13,800.00
Fuel (m?) 1,587.98 112.55 6,997.03 495.94 645.55 45.69
Fuel Price (R$/m?) 110.00 110.00 16.80 16.80 344.50 344.50
Total Fuel Cost (BRL$/m?) 174,677.80 12,375.00 | 117,550.10 8,331.79 222,391.97 15,740.20
Transportation Cost (BRL$/m?) (included in fuel price) 8.52 8.52 13.95 13.95
Transportation Cost* (BRLS) (included in fuel price) 62,595.43 4,436.68 11,063.16 783.01
TOTAL ANNUAL COST (BRLS$) | 244,997.80 | 82,695.00 | 250,465.53 83,088.47 | 303,775.13 86,843.21
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The distance considered in the transportation calculation was 45 km. The diesel price used in the
calculation was BRL$ 3.10, which is the average price charged by gas stations in the state. Additionally,
one cubic meter of sugarcane was considered to be equal to one stere meter (1m3 = 1m3st).

In the case of the pellets, the closest supplier is located 120 km away [65]. The average diesel price
was considered to be BRL$ 3.10.

Furthermore, in the case of firewood, the value presented in Table 1 includes the transportation cost
and a boiler service life of 15 years; therefore, the evaluation of the annual energy demand in this period
will be considered.

A 17% goods and services tax rate was only considered for the pellets, as the supplier is located in a
different state (Pernambuco).The supply fee of 5% refers to the loading and unloading of the material.

2.5 Business Plan (Business Model Canvas)

A business plan was created for the implementation of the enterprise proposed herein, which is the use
of biomass in the hospital boilers. The use of a business plan allows a clearer evaluation of the
possibilities of success in the attempt to decrease the risks of the enterprise and according to Dornelas
[66], the business plan is a fundamental part of the entrepreneurial process. Figure 3 presents the
business model triad of objective, business process and result for the model proposed herein.

Individuals
Equipment
Information
Public policies

'

L Business process _
Objective -

Li

Evaluate the best biomass type to Reduction of boiler energy costs
be used in the hospital Energy efficiency
polygeneration structure Reduction of environmental impact

Figure 3. Enterprise triad

The Business Model Canvas is a simple model that describes how an organization generates,
exchanges and receives value. In this case the methodology is applied to identify the pathway for a
sustainable implementation of biomass, identifying the whole chain. It provides a general overview of the
whole system associated to the business. The blocks cover the four main areas: customers, supply,
infrastructure and financial viability. Three models will be developed, one for each analyzed biomass:
firewood, sugarcane bagasse and wood pellets. The nine blocks used to define the Business Model
Canvas are:

Main Partnerships. This block explores the partners required for the business to be
successful. The role of the key suppliers, the partnerships required for the acquisition of
resources and the consequent reduction of risks are presented.

Cost Structure. This topic is aimed at the cost analysis required for the efficiency and
good performance of the business,.

Main Activities. The key activities of the business. The most important activities with
the highest impact on business success, which offer a value proposition, should be described.

Main Resources. The main resources of an enterprise should be listed in the model to
offer what is proposed. The indicated resources are material, financial, human and
intellectual.
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Value Proposition. The value proposition presented here will be the justification, which
is the reason for the use of one fuel instead of another. This section describes the products
and services that aggregate value for each customer segment.
Customer Relationships. The hospital is the large consumer considered in the enterprise.
Because the hospital is a large-scale consumption unit that requires reliable and continuous
service, this block is analyzed carefully.
Channels. Channels represent the existing communication mechanisms of the business.
The form of dissemination and the feedback from the customer in the enterprise are
important requirements for the formation of this block.
Revenue Models. This component addresses the revenues generated by the enterprise. In
the model proposed herein, the revenue will be analyzed based on comparison with other
energy resources that could be used in the boilers.
Customer Segments. The customer is the most important part of any business. This
block should inform the needs, behavior and attributes of each customer segment.
3 Results and Discussion
Table 3. Business model canvas - FIREWOOD
Model 1 — Hot water and steam production in the University Hospital using firewood boilers
Main Partnerships Main Activities Value Proposition Customer Relationships Customer
Legal firewood suppliers Provision of public and | Use of unconventional Safe and efficient hospital | Segments
located at a 100 km radius free medical hospital renewable energy customer service Individuals
from the hospital; service, continuously resources; in need of
Transportation companies; and safely. Reduction of electricity hospital
Biomass-fired boiler Main Resources expenses; Channels care.
supplier; Human Resources; Energy efficiency in Energy audits;
Financial institutions with Hospital Management; thermal comfort, safety Management awareness
credit lines for energy Firewood. and hygiene; campaigns;
efficiency programs. Environmental education Projects to improve
and awareness. efficiency.
Cost Structure Revenue Models
Purchase of biomass-fired boiler Reduction of energy bill expenses.
Purchase of firewood — Transportation — Storage
Manpower Maintenance and Operation
Table 4. Business model canvas — sugarcane bagasse
Model 2 — Hot water and steam production in the University Hospital using sugarcane bagasse boilers
Main Partnerships Main Activities Value Proposition Customer Relationships Customer
Sugar, alcohol and Provision of public and free | Use of unconventional Safe and efficient Segments
distillates plants at a medical hospital service. renewable energy resource; hospital customer service | Individuals
50 km radius from the Main Resources Reduction of electricity Channels in need of
hospital; Human Resources; expenses; Energy audits; hospital
Sugarcane producers; Hospital Management; Energy efficiency for thermal Awareness campaigns; care.
Transporters; Sugarcane bagasse. comfort, safety and hygiene; Projects to improve
Biomass-fired boiler Environmental education and efficiency.
supplier awareness.
Cost Structure Revenue Models
Purchase of biomass-fired boiler Reduction of energy bill expenses.
Purchase of sugarcane bagasse — Transportation — Storage
Manpower Maintenance and Operation
Copyright © 2018 Isaac Scientific Publishing FMR
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Table 5. Business model canvas — pellets

Model 3 — Hot water and steam production in the University Hospital using wood pellet boiler

Key Key Activities Value Proposition Customer Relationships Customer
Partnerships 1. Provision of public and Use of unconventional renewable Safe and efficient Segments
Wood pellet free medical hospital service | energy resource; hospital customer service | Individuals
supplier; Key Resources Reduction of electricity expenses; Channels in need of
Interstate Human Resources; Energy efficiency in the thermal Energy audits; hospital
transporters; Hospital Management; comfort, safety and hygiene; awareness campaigns; care.
Biomass-fired Wood pellets. Environmental educational and Projects to improve

boiler supplier. awareness. efficiency.

Cost Structure Revenue Models

Purchase of biomass-fired boiler Reduction of energy bill expenses.
Purchase of pellets — Storage

Manpower Maintenance

For the analysis of the different raw biomass sources proposed in this study, three business models
were designed, as represented in Tables 3, 4 and 5, one for each type of energy resource to be used in
the boilers.

The objective of this study was to analyze three types of biomass to identify the most viable for use
as an energy resource in boilers for the production of hot water and steam in a hospital in Paraiba.

The analysis of the average cost of production for firewood, sugarcane bagasse and wood pellets
resulted in the total annual costs presented in Figure 4. This information, in addition to that contained
in the three business models presented here, will be used as parameters for the sensitivity analyses
proposed by Carvalho et al. [19] and as decision criteria for the type of biomass that should be used in
the boilers of the hospital superstructure.
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Figure 4. Total annual cost

The total annual cost was the main criterion for the selection of the biomass, because the situations
are very similar among the business models. The pellets have the advantage of being able to be stored,
as they are more compact; however, this was the resource with the highest annual cost.

In the composition of the cost of sugarcane bagasse, the transport corresponds to about 53.25% of the
biomass value. In pellets the cost of transport is about 5% of the value of this resource. For firewood, in
the assessment of the cost of the evaluated resource, the value of the transport was already included.
The study showed that the composition of the costs for the use of biomass in boilers faces some
geographical limitations, and because it is a dynamic market, where a certain negotiation pattern does
not yet exist, the inherent issues were not evaluated such as the storage and adequacy necessary for pre-
treatment of these resources.
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Consideration of greenhouse gases throughout the life cycle of different types of biomass can be
accomplished using the Life Cycle Assessment Methodology [67-69]. Utilization of the Ecoinvent
database [70] within software SimaPro 8.4.0.0 [71], and environmental impact evaluation method TPCC
2013 GWP 100a [72] for the utilization of firewood in a boiler yielded 0.0721 kg COseq/kWh of heat
produced. Sugarcane bagasse and pellets resulted in, respectively, 0.0479 and 0.0595 kg COs-eq/kWh of
heat produced in a boiler. Utilizing data on the emissions associated with the consumption of electricity
directly from the low voltage grid in Brazil (for year 2015) [69], the production of heat in an electric
boiler yields 0.332 kg COseq/kWh of heat produced. The considerable carbon savings are obvious.
Utilization of firewood to meet the hot water demands of the hospital emits approximately 140.379 kg
COs-eq/year, which is 78 % lower than electric boilers (646.404 kg COs-eq/year).

In the comparison between the average cost of production of firewood and sugarcane bagasse, firewood
has a slight advantage (2.18%) in relation to the annual cost of sugarcane bagasse. In addition to the
lower cost, it is easier to purchase firewood than sugarcane bagasse in the state of Paraiba because the
supply of the latter, according to the state harvest, might not be continuous.

Table 6 presents the costs, in BRL, of the MWh for each type of biomass analyzed. The cost of
firewood MWh is 15.17% lower than that of electricity in off-peak hours and 45% lower in peak hours.
For sugarcane bagasse, these values are 13.9% and 44.19%, respectively.

Table 6. Comparison of fuel and electricity costs.

Fuel MWh Cost (BRLS/MWh)
Firewood BRL$ 109.42
Sugarcane Bagasse BRL$ 111.06
Pellets BRL$ 155.83
Electricity — Off-Peak | BRL$ 129.00
Electricity — Peak BRL$ 199.00

For the pellets, the cost of the MWh is 17.21% higher than the cost of electricity in the off-peak hours.
However, when compared to electricity at peak hours, the MWh cost is 21.69% lower.

With the definition of additional equipment and processes capital expenditures are defined and the
main economic indicator for the hospital is defined.

When considering that the hospital could be supplied by conventional sources of energy (no
cogeneration, no trigeneration, no biomass or solar energy), the total annual cost associated with
meeting the energy demands was R$ 931,897 /year [73]. This configuration installed natural gas boilers
to produce heat, purchased electricity from the grid, and utilized mechanical chillers.

However, when solving the model without any restrictions, the optimal economic configuration when
firewood was available included firewood boilers for the production of heat, mechanical chillers, 200
photovoltaic (PV) panels, and purchased electricity from to grid to meet the demands of the hospital at
an annual cost of R$ 904,267 /year. The same biomass-based configuration was obtained when sugarcane
bagasse was utilized, yielding an annual cost of R$ 835,031 /year (sugarcane bagasse boilers, 200 PV
panels, and mechanical chillers) [73]. However, when pellets were available, the configuration of the
system was based on natural gas boilers, with an annual cost of R$ 972,486 (including 200 PV panels
and mechanical chillers). In this case, it can be seen how the optimization procedure takes advantage of
biomass (in the cases of firewood and sugarcane bagasse), improving the economic performance of the
overall energy supply system, when compared with the reference system, with annual costs that are 3%
and 11% lower, respectively, for firewood and sugarcane bagasse.

4  Conclusions

The adoption of more efficient and less expensive equipment and fuels that generate fewer
environmental emissions should be analyzed carefully by companies, especially public agencies, as it will
reflect directly on the brand image for target customers and will also add value to the adopted resources.

The MWh cost of sugarcane bagasse (52.5 BRL$/MWh), considering only the fuel cost, is lower than
that of firewood and pellets (78 and 114 BRL$/MWh, respectively). However, the indirect costs,
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especially those related to transportation, supply and storage of sugarcane bagasse, evened out the final
costs of biomass, reducing the economic attractivity of sugacane biomass (final cost 111 BRL$/MWh, in
comparison with 109 and 155 for firewood and pellets, respectively)

Analysis and detailed study of the results and the business models regarding the choice of biomass for
the boiler showed that firewood was the most viable and lowest-cost resource. This information supports
with more consistency the inclusion of this resource in the hospital superstructure and, consequently, the
optimization of the polygeneration system, allowing clearer verification of decreased costs and
environmental impacts.
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