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Abstract  This article aims to describe, present and analyze the technology roadmap for biorefinery  lignin in  the United 
States (U.S.). It was created an own methodology inspired by the process of technology roadmapping developed by Garcia & 
Bray  (1997) and the informat ion that supported the construction of the roadmap  were extracted from the document entitled 
Top Value-Added Chemicals from Biomass - Volume II - Results of Screening for potential Candidates from Biorrefinery 
Lignin prepared by the U.S. Department of Energy (USDOE). The roadmap´s analysis was conducted over time noting that 
the three product categories - Power- Green Fuels - Syngas, Macromolecu les and Aromatic Chemicals are respectively the 
short, medium and long term. 
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1. Introduction 
Nowadays, the world attention turns to alternative energy 

sources due to economical, geopolitical and environmental 
issues. The global industry, in particular chemistry, has 
intensified efforts in  Research, Development  & Innovation 
(R, D & I) in  the search for products that can be obtained 
from renewable sources in order to reduce the dependence 
and the vulnerability of oil through a dynamic of its 
processes and its product lines[1]. 

The biomass, potential renewable sources, encompass all 
renewable organic matter including plant, whether grown 
on land or in water, manure and animal products, 
byproducts of food processing and forestry and waste[2, 3, 
4] There are several ways to obtain biomass for energy, 
either through plantations of energy crops, or the use of 
waste agricultural, agro industrial and agroforestry. The use 
of biomass has to be encouraged as an opportunity to 
mitigate the p roblems associated with the use of o il as main 
source of energy.  

Biomasses are processed in so -called b io refineries, 
structures analogous to pet ro leum refineries that use 
renewable raw materials and produce mult iple fuels and 
products from o il; in industrial b io refineries ident ify  
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promising routes in order to create an economy based on 
renewable products. According Jong et al[5] b iorefinery is a 
facility that integrates biomass conversion processes and 
equipment to co-produce fuels, power, and chemicals from 
different biomass sources.  

There are several types of biomass, in special the 
lignocellulosic feedstock composed of three main fractions: 
hemicellulose, cellulose and lignin. Cellu lose and 
hemicellulose are rich in carbohydrates and they are 
presented in a lot  of applications, in part icular obtaining the 
second-generation ethanol from cellulose. With regard to 
lignin, Gosselink et al[6] affirm that there is still a very 
small market for large quantities of industrial lignins 
produced in the world, part icularly in the U.S. and in the 
industries of pulp from agricultural residues. 

Santos[7] estimates that the potential amount of lignin  
produced by the United States from the pulp and 
agricultural waste industry is about 22 and 264 million 
tonnes respectively - base year 2009. 

Lignin is the second most abundant source of natural raw 
material, the largest source of phenolic polymers aromat ic 
in nature and also present adhesive properties[8]. These 
characteristics motivated its study in this article. 
Furthermore, lignin can become a valuable renewable 
feedstock for the chemical industry. Lignin has many 
applications in industry as, for example, in p roducing 
aromat ic products, adhesives, and phenolic resins as 
substitutes. 

In order to organize the study on the availability of new 
technologies associated with the use of lignin on a 
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commercial level in the U.S. it was necessary to use a 
methodology, based on market ing tools that can arrange the 
informat ion obtained in the publicat ion Top Value-Added 
Chemicals from b iomass - Volume II - Results of Screening 
for Potential Candidates from Biorrefinery Lignin[9] to 
transform them into knowledge and then into business 
intelligence.  

The Technology Roadmapping Method (TRM) was 
chosen for this article because it is a tool which enables to 
integrate and communicate the strategic of development 
market, product and technology with business goals over 
time. A lso, it helps to identify, evaluate and select 
technology alternatives, therefore, a complex process that 
requires simultaneous consideration of markets, products, 
technologies and their interactions[10, 11].  

The paper proposes and describes in detail a new 
methodology for the development of technology roadmap 
for biorefinery lignin in the U.S. connecting product, 
market  and technology over time. With this study, it was 
intended to identify the progress of R, D & I in the short, 
medium and long term needed to make the biorefinery more 
economically attractive through better use of lignin. 

2. Lignins 
Lignin is the second most abundant source of natural raw 

material, after the cellu lose, and the major source of phenolic 
aromat ic polymers in nature[8].  

It is an amorphous and branched compound, present in 
woody plants, whose function is to provide stiffness, strength 
and flexibility to the cell wall, assist in the transport of water, 
serve as a barrier to enzymatic degradation of cell wall and 
protect against insect and pathogenic microorganisms attack. 
Contrary to cellulose, lignin has a molecular structure 
complex and variab le depending on the plant species, 
location, plant age, season, etc.[12].  

The lignin may be classified as: (i) native lignin, ie that 
which is present in the biomass, and (ii) technical lignin, also 
called industrial lignin which is isolated from b iomass by a 
variety of processes[9].  

Lignin is still classified as a low-value waste cellu losic 
pulping, being used mainly  as fuel in  the paper and pulp 
industry. Only about 2% of lignins derived from this industry 
are marketed[6]. The main difficulties fo r fu ll 
commercialization are linked to their characteristics of low 
purity. It should be noted also that almost all marketed lignin 
today is obtained from lignosulfonates.  

Table 1[7] summarizes the differents industrial 
applications of lignins in the literature with emphasis 
characteristics applied in different industrial sectors. 

Despite presenting several applications, some already in 
use and other potential, researches concerns new industrial 
applications in products with higher added value has been 
developed so that the difficulties associated with their 
commercial use are overcome. 

Table 1.  Industrial applications of lignins 

Group 
application   Characteristic of lignin  Examples of application 

Additives 
Improvement in some 
specific property of a 
material through its use.  

- Cement and concrete 
- Animal feed pellets 
- Polymer composites 
- Paintings  

Binders and 
Adhesives 

Very effective and 
economical adhesive, 
acting as a binder or 
"glue" in pellets or 
compressed materials.  

- Animal feed pellets 
- Phenolic resins 
- Wood fiber boards  

Dispersant 

Prevent the 
accumulation and 
sedimentation of 
undissolved particles in 
suspension.  

- Pesticides 
- Oil well drilling muds 
- Leather treatment 
- Dyestuffs 

Emulsifier 

Stabilized emulsions of 
immiscible liquids such 
as oil and water, making 
them highly resistant to 
breakage.  

- Pesticides  
 

Sequestering 
 

Associate with metal 
ions and prevents them 
from reacting with other 
compounds, becoming 
insoluble.  

- Micronutrients  
- Water treatment 
- Industrial cleaners  
 

Energy High calorific power.  - Heat, power and steam  

Adsorption Promotes the adsorption 
of metals.  

- Natural adsorbent  
 

Chemical Aromatic properties.  - Vanillin  

Others 

They exhibit  
antimicrobial properties 
of the phenolic fragment 
of lignin.  

- Antibacterial activity  
 

3. Global Market for Applications of 
Lignin 

3.1. Production of Concrete and Cement 

American companies such as W.R.Grace and Master 
Builders use extensively lignin products in this application. 
Lignosulfonates for concrete applications can be as high as 
$ 4.00-5.00/gal as aqueous solution. A very rough 
calculation (8 lb/gal, assume 50% aqueous solution) gives a 
sales price for lignosulfonates of $ 1.00-1.25/lb[9]. 
Furthermore, Eastman Chemical distributes a high market 
value material named Vinsol, which has a high concentration 
of lignin  and lignin-like material. As a concrete addit ive, 
Vinsol is $ 3.50-4.00/gal (sales price), again in a concetrated 
aqueous form from the manufacturer. More b roadly, the 
lignin and Vinsol might be interchangeable in some 
applications, given the similarity of their chemical structure. 

3.2. Adhesives 

The market for epoxy  resin is economically  active, with 
specific reference to phenol-epoxy resins in which the lignin 
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may appear as a crosslinking agent. In 1999, the estimated 
value for the production of epoxy resin in the United States, 
Western Europe and Japan was US$ 2 billion.  

The growth of consumption of epoxy resin in the U.S. and 
Western Europe had an average of 3.5-4% per year from 
1999 to  2004. The three main  producers of epoxy resins are 
Hexion (fo rmerly Shell Epoxy Resins), Dow and Huntsman. 
These producers represent approximately 75% of the world 
capacity. Since the market is expanding and continues to do 
so in the medium and long term, there will be distinct 
opportunities especially for lignin as its inherent properties, 
also reflected in the final product[13]. 

3.3. Polyolefins  

The polyolefins’ global market  is huge representing 
approximately 60% of all thermoplastic resins produced and 
sold worldwide. For example, low density polyethylene 
remains a major g lobal business with a value of $ 19 billion 
for the year 2001. The g lobal demand for all types of 
polyethylene was about 63.4 million tons in 2006. 
Polypropylene resins had a consumption of 38 million tons 
in 2005, representing a value of about $ 42 billion[13].  

Surveys predict that developing countries will migrate 
from an agrarian to an industrial economy, creating growth 
opportunities for polypropylene to replace paper, metal, 
glass, wood and natural fibers. In  this context, it is very likely 
that, given the distinctive properties associated with lignin, 
some inroads are made in this market, especially the mixed 
approach of the polymer leading to products with unique 
features directly attributed to the lignin  

3.4. Phenolic Resins 

According to Stewart[13], the introduction of lignin on the 
phenol compounds market is viavel. The world  production of 
phenol is almost exclusively based on the co-production of 
acetone-based cumene and produced approximately 8.25 
million tons in 2004, of which 30.6% were for use as 
phenolic resins. Also according to the author, the total world 
production of phenol was valued at  about US$ 107 billion 
and forecasts for the future indicate that the current price of 
1,380 euros / tonne increase according to the annual demand 
forecast. Furthermore, the increased pressure surrounding 
the efficient management of waste and its use in other 
applications likely leads to the conclusion that the use of new 
applications of the lignin will be stimulated by the market. 

3.5. Aromatics - benzene-toluene-xylene (BTX)  

Lignin is the only renewable source of one class of high 
volume aromatic chemicals that can be obtained, for 
example, by fast pyrolysis of b iomass. Table 2[14] shows the 
estimate of the replacement for the U.S. of aromat ic 
derivatives. 

It can be seen that the direct and efficient conversion of 
lignin in discrete molecules or classes of aromatic molecules 

high volume and low molecular weight target is attractive 
from the point of view of the market. As oil supplies 
dimin ish and prices rise, this objective is very desirable, and 
perhaps the most challenging technological barrier involving 
lignin [9]. 

Table 2.  Estimation of U.S. replacement for the aromatic derivatives 

Aromatic Annual prodution 
(109 kg) 

Lignin required (109 
kg) 

Benzene 9.2 
41.1 Toluene 5.0 

Xylene 6.3 
Terephthalic acid 5.0 5.8 

Phenol 2.3 4.4 
Total 27.8 51.3 

4. Lignocelulosic Biomass Biorefineries 
The lignocellu losic biomass is processed in biorefineries. 

Pereira Jr.[4] affirms that biorefinery is a relatively new term, 
referring to the use of renewable materials (biomasses) and 
their residues, in a most integral and diversified way for the 
production of fuels, chemicals and energy, with minimal 
generation of wastes and emissions. 

The biorefinery, to integrate the processes of biomass 
conversion to produce different products, allows a range of 
greater efficiencies in the short and long term, both from the 
standpoint of thermodynamics as the point of view economic 
and environmental[5, 15, 16]. 

The biorefinery  concept is applicable if it is possible to use  
renewable raw materials, abundant, cheap and specific, such 
as lignocellulosic b iomass, unlike the various fossil fuels, are 
not affected by fluctuations in the market. To  consolidate this 
new technology platform it is necessary to support the 
government so that biorefineries are able to compete 
economically with oil refineries[17]. 

In the literature, it can find different categories of 
biorefineries. Annevelink & Ree[18] classify seven types of 
biorefineries: Conventional biorefinery (CBR), Green 
biorefinery (GBR), Whole Crop biorefinery (W CBR), Ligno 
Cellu losic Feedstock biorefinery (LCFBR), Two Platform 
Concept biorefinery (TPCBR), Thermo Chemical 
biorefinery (TCBR) and Marine bio refinery (MBR). 

The emphasis in this study are those that use 
lignocellulosic biomass, in its whole or fractional, Ligno 
Cellu losic Feedstock biorefinery (LCFBR), Two Platform 
Concept biorefinery (TPCBR), Thermo Chemical 
biorefinery (TCBR). 

The Ligno Cellulosic biorefineries (LCFBR) based on the 
fractionation of b iomass rich in these materials for the 
production of intermediate streams of cellulose, 
hemicellulose and lignin, which can be subsequently 
processed to obtain a final product portfolio, as shown in 
Figure 1[ 19]. It consists of the use of three basic chemical 
fractions: hemicellulose, cellulose and lignin. 
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Figure 1.  Lignocellulosic feddstock biorefinery 

The Two Platforms b iorefineries promote the 
fractionation of biomass into fractions of sugars (cellulose 
and hemicellu lose) and lignin fraction as shown in Figure 
2[20]. The carbohydrate fraction is biochemically converted 
by calling "Sugar Platfo rm", producing a portfolio of 
potential byproducts, while the lignin  fract ion and the 
biochemical p rocess residues are thermochemically 
converted to syngas by calling "Syngas Platform" producing 
a range of products from b iomass, including heat and energy 
to meet domestic demands of the process 

 
Figure 2.  Two Plataform Concept Biorefinery 

The Thermochemical biorefineries (TCBR) using thermal 
processes such as pyrolysis and gasification to produce 
bio-oil and syngas. Upon generation of the synthesis gas can 
produce products such as urea, methanol, ammonia, diesel, 

etc.. This route may have synergy with fossil fuels. 

5. Technology Roadmapping Method  
The technology roadmapping method (TRM) is part of 

technological forecasting tools that have emerged in the last 
years to exp lore the dynamics of emerging technologies in 
the industrial sectors in a long-term horizon and, especially, 
develop, implement and execute strategic roadmaps to align 
the company's strategy to the technological capacities[21, 
22].  

The technology roadmaps have been developed for several 
different types of public and specificit ies, being 
characterized  by predict ing what is possible or likely to 
happen, and also by planning a joint action. Thus, roadmaps 
help to focus the planning processes of a corporation in the 
future and provide consistent information about the portfolio 
to support decision-making[21, 22, 23, 24].  

This method seeks to assist in structuring the planning 
process of an institution, industry or company, allowing the 
visualizat ion of gaps in strategic planning, through 
alignment between future goals and activities present in the 
organization. This enables the identification and 
prioritization of sustainable competitive advantages and the 
correct allocation of human and technological resources of 
the organization.  

Roadmaps may have various shapes, but the most 
common approach is that generic one which  is a  time-based 
graphical representation comprising a number of layers that 
cover the key parameters as market, product and technology 
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over time for a portion of business as shown in Figure 3[21]. 
An important feature of the roadmaps is its concise 
presentation that enables a structured discussion and 
constructive processes of technological forecasting. 

 
Figure 3.  Schematic technology roadmap showing how technology can be 
aligned to the development of products and services, business strategies and 
market opportunities 

The processes of application of technology roadmapping 
in the literature were developed by Phaal et al[21, 22], 
Albright & Kappel[23] and Garcia & Bray[25]. Such 
processes provide for the use of other tools for technological 
forecasting as Brainstorming, Delphi / expert panels, and 
scenario analysis among others.  

The method developed by Bray & Garcia[25] comprises 
three distinct phases: preliminary activities, development of 
roadmapping activit ies and continuity, as shown in Figure 4.  

In the first phase, those responsible for taking key 
decisions should realize the problem that this tool can help 
them solve. The development phase involves seven steps that 
are similar to corporate and industrial levels. In  the last phase 
is the critical validation and approval of the roadmap 
outlined. 

 

Figure 4.  The three phases in the technology roadmapping process 
according to Garcia & Bray (1997) 

There are many applications for roadmaps, from scientific  
research of science and technology, government policies or 
forecast for a particular industrial sector, to studies of the 
evolution of products or technologies. 

6. Methodology 

It was created an own methodology, inspired by the 
process of technology roadmapping developed by Garcia & 
Bray[25], allowing to use the informat ion and create a 
roadmap for industrial level and guided by information 
technology in the format of mult iple layers as shown in 
Figure 3. Tab le 3 shows the phases and stages of the 
technology roadmapping process adopted for the preparation 
of this roadmap. 
Table 3.  Phases and stages of the technology roadmapping process 
adopted for the preparation of the roadmap biorefinery lignin to USA 

Phase I 

Preliminary activities 
a. Define the problem to be solved by TRM 
b. Define the purpose of the roadmap 
c. Define the benefits of using the roadmap 
Step 1 - Satisfy the boundary conditions 
1.1 Provide for the participation of different actors as 
members of industry, government and universities 
1.2 Focus on the needs and not for the solutions 
Step 2 - Define the scope and boundary conditions for the 
roadmap 
2.1 Define the purpose, format and structure 
2.2 Set the time 

Phase II 

Development of the Technology roadmap 
Step 1 - Identify the products that will focus on the 
roadmap 
Step 2 - Identify the market and technology drivers 
Step 3 – Describe the roadmap 

Phase III 
Follow-up activities 
Step 1 - Review the roadmap 
Step 2 - Assess the roadmap 

6.1. Source of Information – US DOE’s Document 
The document was prepared by U.S. Department of 

Energy (USDOE)[9] in order to evaluate the role of lignin 
as a source of renewable raw material and in order to 
subsidize the American researches on the use of lignin in 
both power generation and for the production of fuels and 
chemicals, accord ing to the lignocellulosic b iorefinery 
concept. 

This document aims to point out products that are 
currently more favorable and may have greater impact on 
the replacement of oil as raw material and economic 
viability of biorefineries. The main focus is the 
identification of R, D & I progress in the short, medium and 
long term, necessary to make the biorefinery more 
economically attractive through better use of lignin. 

Initially, the list of potential uses of lignin was compiled 
and assembled from several sources. The opportunities for 
product types were divided into three categories described  
as followed[9]: 

(I) Power-Green Fuels- Syngas: use of lignin as a pure 
carbon source, by aggressive media to break down its 
polymeric structure. The green fuels are described as those 
that resemble the fuels used today, but are derived from 
biomass rather than petroleum;  

(Ii) Macromolecules: the opposite extreme and seeks to 
take advantage of the macromolecular structure imparted by 
nature in high-molecu lar weight applications, and 

(Iii) Aromatic chemicals: between the two extremes, 
corresponds to technologies that could cause the breaking 
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up lignin´s macromolecular structure but maintain the 
aromat ic nature of building block molecules. 

After classified, the opportunities for products in each 
category were analyzed. The study included evaluation in 
the state of current technology, and how products fit into 
the current infrastructure and future biorefinery and markets 
chemicals or fuels. 

In this evaluation, the opportunities were also classified 
as short, medium and long term. This concept represents the 
odds for the use of lignin in the biorefinery and have been 
defined[9]: 

(i) Short-term: is defined as current uses and those that 
seems possible within  three to ten years. Some technology 
development will be required, but much can be borrowed 
from currently available processes, for example, pyrolysis 
and syngas; 

(ii) Medium-term: the technology used perhaps five to 20 
years, requiring a significant technological development 
and some fundamental knowledge, such as the use of lignin 
in applicat ions of high molecular weight, and 

(iii) Long term: technologies employed from ten years 
and that require significant new fundamental knowledge 
and significant new technology development, such as the 
direct catalytic conversion of lignin to  fuels like gasoline or 
aromat ic chemicals. 

6.2. Application of the Methodology 

The methodology was applied according to the stages and 
phases shown in Table 3. 

6.2.1. Phase I: Preliminary Activity  

a. Define the problem to be solved by TRM 
The problem to be solved consists in guiding investments 

in R, D & I, through good public policy to ensure a safe and 
clean energy future for the U.S., accord ing to the research 
needs of the U.S. DOE. 

b. Define the purpose of the roadmap 
The roadmap b iorefinery lignin p repared seeks to identify 

the progress of R & D in the short, medium and long term, 
necessary to make the biorefinery more attractive 
economically, through better use of lignin. 

c. Define the benefits of using the roadmap 
Research and understanding of the structure, types, 

sources and methods of production of lignin, as well as their 
current and future potential applications with the TRM using 
the tool, helps to identify specific opportunities that meet the 
overall object ives of the U.S. DOE, with views energy 
independence and replacing oil. 

Step 1 - Sat isfy the boundary conditions 
1.1 Provide for the participation of d ifferent actors as 

members of industry, government and universities 
The TRM requires the participation of various groups, 

considering the different perspectives of the industrial object 
of study in order to concentrate efforts on R, D & I. 

The document has met this condition since there was 
participation of different players led by USDOE 

(government involvement) in partnership with Pacific 
Northwest National Laboratory (research laboratory), 
University of Tennessee (university) and the Laboratory of 
National Renewable Energy (research lab). 

1.2 Focus on the needs and not for the solutions 
The study sought to identify as lignin can be used to 

support the economic health of the biorefinery. 
Step 2 - Define the scope and boundary conditions for the 

roadmap  
The roadmap prepared was driven by the product, ie, the 

uses of lignin in the production/formulation of different 
products and relates to a roadmap  industrial level since its 
focus is in the applications of lignin  in  the context  of  US 
biorefinery. 

2.1 Define the purpose, format and structure 
The roadmap produced has the purpose of product 

planning (applications/uses of lignin) and the generic 
structure described by Phaal et al[21] (see Figure 3) in which 
the layering includes the three key parameters: market, 
product and technology. 

The market layer is related to changes in economic, social 
and environmental. The product layer is a link between the 
market  trends and technologies. The technology layer is 
related to processes required for the production of different 
products identified. 

2.2 Set the time  
As previously mentioned, the study divided the horizon in  

the short, medium and long term, as shown in Table 4. The 
time was calcu lated assuming that the study of U.S. DOE 
was published in 2007. 

Table 4.  Boundary conditions of the roadmap biorefinery of lignin 

Product Term Years 
Power-Green Fuels- 

Syngas 
Short term - within 
three to ten years 2010-2017 

Macromolecules Medium term - five 
to 20 years from 2012 to 2027 

Aromatic chemicals Long term - ten 
years from 2017-2030 

6.2.2. Phase II: Development Roadmap  

Step 1 - Identify the products that will focus on the 
roadmap  

As previously mentioned, in the study were categorized 
three types of products that will be the focus of the roadmap: 
(i) Power –  Green Fuels - Syngas, (ii) Macromolecules, and 
(iii) Aromat ic Chemicals. 

Step 2 - Identify ing the market and technology drivers 
Each of the key parameters of the roadmap (market, 

product and technology) contain drivers (drivers elements), 
also known as critical applications that depend on the 
technological area, which will determine the technological 
alternatives to be selected according to the potential market. 

In this paper, presentation and analysis of the drivers were 
broken elements throughout the document, especially in 
topics dealing with the three product categories selected. 
This analysis considered the opportunities to use the 
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products selected based on criteria: economic, state of 
current technology, the products of the biorefinery 
infrastructure and market fuels and chemicals. 

Tables 5, 6 and 7 were listed the elements drivers (product, 
technology and market) for the short, medium and long term. 

Table 5.  Drivers elements – short term 

Product Market Technology 

Steam Market risk - low Combustion 
Methanol (MeOH), 

Dimethyl ether (DME), 
Olefins 

Market risk - low 
Process scale-up Gasification 

Green fuels derived 
from Fischer-Tropsch 

Market risk -medium 
Process scale-up Gasification 

Fuel ethanol, propanol, 
butanol 

Market risk - medium 
Process scale-up Gasification 

Green fuels and 
chemicals 

Market risk - low 
Process scale-up Pyrolysis 

Table 6.  Drivers elements – medium term 

Product Market Technology 

Carbon fiber 
 

Decreases raw material 
Decreases environmental 

impacts 
Market risk -medium 

Melt 
spinning 

followed by 
pyrolysis 

Polymer 
 Market risk - medium-high Chemical 

processes 
Thermosetting resins, 

formaldehyde-free 
resins, adhesives and 

binders 

Reduction of 
environmental impact 

Market risk - medium-high 

Chemical 
processes 

Table 7.  Drivers elements – long term 

Product Market Technology 
Benzene-toluene-xylene 

(BTX) / Phenol 
Rising oil prices 
Market risk - low Catalysis 

Lignin mononer 
molecules 

Rising oil prices 
Development of markets 

and applications 
Catalysis 

Oxidized lignin 
monomers 

Rising oil prices 
 Catalysis 

New diacids and aromatic 
diacids 

Rising oil prices 
 Catalysis 

New polyols Rising oil prices Biocatalysis 

Aromatic polyols Rising oil prices 
Market risk -medium 

Chemical 
processes 

Ciclohexanes  and 
substituted cyclohexanes 

Rising oil prices 
Market risk - low 

Chemical 
processes 

Quinones Rising oil prices Catalysis 

Step 3 - Describe the roadmap  
To describe the roadmap biorefineries lignin. were 

performed the following operations: 
- Draw a table with four columns and four lines. The t itle  

of the first column refers to the drivers in each layer, ie, each 
line of the column, was inserted into the three key parameters 
(market, product and technology); 

- Div ide each layer in sublayers drivers which correspond 

to elements of each key parameter that have been identified 
in Tables 5, 6 and 7;  

- Identify the remaining columns of Table three time 
corresponding to the short, medium and long term as 
reported in Table 4;  

- Introduce the products in rectangles of green (short term),  
yellow (medium term) and blue (long term) that represents 
the expected time according to the study so that this 
technology is available on the U.S. market; 

- Each product must be connected to their informat ion 
technology and market drivers in accordance with the 
contents of Tables 5, 6 and 7. 

6.2.3. Phase III: Activ ity of Continuity 

Step 1 - Review the roadmap 
The roadmap generated passed through a general rev iew 

in order to detect if there was no inconsistency for the 
document which served as a source of information. 

Step 2 - Assess the roadmap 
Although the main  objective is to produce the roadmap, 

the technology roadmapping process is significant value. 
The quality and credibility of the roadmap depends on your 
describe process, particularly in terms of ensuring that the 
entry of informat ion reflects the best available knowledge; 

7. Roadmap Biorefinery Lignin in the 
U.S. 

Figure 5 shows the roadmap  biorefinery  lignin  in  the 
United States described according to the methodology 
presented in Table 3 and based on informat ion in the 
document U.S. DOE. 

The analysis of the roadmap of the U.S. was conducted 
over time, since each of the three product categories (Power 
– Green fuels - Syngas; Macromolecu les and aromatic 
chemicals) were placed respectively in the short, medium 
and long term. 

7.1. Short Term 

In short term, it is possible to observe that the USDOE 
points in their studies that lignin will consolidate its position 
as an energy source to produce steam by direct combustion, 
as a raw material for production of various fuels such as 
methanol, ethanol and other using thermochemical processes, 
such as pyrolysis and gasification. 

Also, it was observed the integration of the 
thermochemical and b iochemical routes. An example of this 
integration can be seen in the Forest Products Industry 
Technology Roadmap[26] which adopts the advanced 
biorefinery concept of forest products involving the 
development of technologies to support two new parallel 
processes pulp production: Hemicellu lose Extraction & 
Conversion in chemicals such as ethanol and acetic acid and 
Biomass & Black Liquor Gasificat ion for production of 
power and fuel. 
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Figure 5.  Roadmap Biorefinery Lignin in the U.S. 

This study indicates that the gasification of biomass and 
carbon black can generate revenue on an annual basis, 
approximately US$ 32 million and US$ 63 million, 
respectively, in the capacity to generate additional electricity 
(for use in own plant or on sale) and producing 1.1 million 
barrels of liqu id fuel of Fischer-Tropsch renewable. 

Thus, the plant's energy biorefinery  may be based on 
gasification of biomass and black liquor to replace fossil 
sources. In addition to meet ing the supply of heat and 
electricity for recovering pulping chemicals from the 
gasifiers produce syngas, consisting of hydrogen and carbon 
monoxide which can be: (i) burn ing turbines to produce 
steam and to the plant in general or (ii) converted into 

transportation fuels such as liquid fuels from 
Fischer-Tropsch or pure hydrogen. 

Another example o f integration of biochemical and 
thermochemical routes is pointed to by Bozell et al[9] which 
conclude that the lignin-rich  residue derived from the 
bioconversion of ethanol from maize, is subjected to a 
pyrolysis, followed by a hydrotreating/hydrocracking in 
which the call is obtained green gasoline. 

However, the use of pyrolysis and gasification 
technologies have implications for energy balance and 
economic v iability of the biorefinery that need further 
investigation. A series of technical hurdles must be 
overcome, and investments in R, D & I are required to 
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complete the technology development, optimization and 
demonstration of emerging technologies and then integrating 
new technologies with the operation of the pulp mill, for 
example, on a commercial scale . The forest products 
biorefineries, for example, represent a high-tech "disturbing", 
requiring a large cap ital investment to install and a new 
business model to work. 

In view of the above, it can observed that in the short term 
the U.S. government seeks to invest in technologies that 
allow for full use of biomass and energy self-sufficiency of 
biorefineries, aiming to  strengthen energy security and their 
market competit iveness. At first, technologies such as 
gasification and pyrolysis are used as strategic for energy 
and fuels, in which the lignin or lignin-containing material is 
used directly without great concern for purification 
processes. 

7.2. Medium Term 

On the other hand, medium-term applications have been 
more as the use of lignin or lignin products of added / mixed 
with other products such as polymers and thermoset resins, 
in order to improve the physicochemical properties, such as 
thermal and oxidative stability. 

In this case, there is need for purification and so further 
studies are required for the use of lignin does not cause 
defects such as voids and contaminants that can cause 
breakage of the material. As an example o f the use of lignin, 
the roadmap shows its use in the production of carbon fibers 
as a filler in the production of polymers and resins, adhesives 
and binders. 

Lignin is a source potential and low cost carbon 
appropriate to replace the synthetic polymers such as 
polyacrylonitrile fibers in the production of carbon fibers. 
The use of lignin in the process of manufacture of carbon 
fibers encourages the use of renewable raw materials, 
thereby decreasing the sensitivity to fuel costs and reducing 
environmental impact[27]. 

The lignin may  be sufficient to move the steel used in 
domestic passenger vehicles in the USA, making the steel 
panels are replaced with p lastic light yet strong, reinforced 
with carbon fibers, thereby reducing significantly the weight 
of vehicles and promoting improvement in fuel 
consumption. 

The second use of the lignin  was found in the roadmap as a 
filler for polymers, the lignin is a modified polymer which is 
used as an additive which promotes improvements in 
physical properties and performance of the polymers. The 
research focuses on the control of molecu lar weight, the 
introduction of reactive functionality and polyelectrolyte 
among others[9]. 

The technical challenges surrounding polymer modifiers 
(fillings) include understanding how to make these 
modifications in an  economic and effect ive with lignins from 
different sources. The modified lignin must be validated in 
accordance with their applications, which may include high 

strength plastics engineering polymers resistant to heat and 
adhesive free of formaldehyde. 

The global polyolefins, in part icular U.S., moving large 
values, which makes it possible to create opportunities for 
growth in the use of lignin to improve the properties of 
polymers, allowing the replacement of other materials more 
polluting and depletable sources such as paper, metal and 
glass. 

Finally, lignin, due to their phenolic character may be used 
to substitute for the phenol in phenol formaldehyde resins. 
The interest in  replacing phenol lies in  the fact that nowadays 
it is obtained from a non-renewable petroleum, while the 
lignin can be obtained from renewable raw material[28]. 

Studies by Stewart[13] show that the introduction of lignin  
phenolic compounds on the market  is v iable and that the 
predictions of the future indicate that the current price of 
phenol will increase according to the annual demand 
forecast. 

7.3. Long Term 

The roadmap shows that biorefineries products obtained 
from lignin  will focus on the production of aromat ic 
chemicals with h igher added value, such as BTX, phenols, 
polyols, among other quinones. The key technology for the 
production of those products is catalysis, in particular 
biological catalysts more tolerant of temperatures and highly 
selective catalysts, to improve process efficiency. 

Furthermore, the R & D is required in  catalytic substrates 
designated for the production of products, fuel and specific 
energy, so that less processing is necessary having thus 
further reducing costs. 

Regarding the need for raw material, Tab le 2 shows the 
estimates for the US rep lacement of aromatic derivatives, 
requiring a required amount of lignin 41.1 109 kg. This 
quantity availables in the U.S., whereas the availability of 
this material is about 286 million tons of lignin (22 million 
coming from the pulp and 264 million of agricu ltural waste). 

8. Conclusions 
The roadmap for b iorefinery lignin to the U.S. was 

prepared in accordance with an own methodology presented 
and based on the information contained in the document 
entitled "Top Value-Added Chemicals from Biomass - 
Volume II - Results of Screening for Potential Candidates 
Lignin from Biorrefinery "prepared by the U.S. DOE.  

It is observed that in the short term the focus is on power 
generation and fuels that can be obtained by direct use of 
lignin or b iomass that contains a fraction of lignin in order to 
obtain self-sufficiency in  biorefineries. The thermochemical 
routes are in evidence, especially the processes of 
gasification and pyrolysis. 

In the medium term, the macromolecu lar nature products 
require a purification step and further studies, so that the 
lignin or b iomass containing lignin does not cause defects 
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such as voids and contamination when mixed with polymers 
and resins to improve their physical and chemical properties. 

In the long term, the key  process is the catalyst that is more 
like bio logical catalysts tolerant to high temperatures and 
highly selective in  order to improve process efficiency and 
reduce costs. The targets are the aromatic products that have 
a high value on the world market. 
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