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Abstract 

The Peruvian environmental regulation is going through changes in order to fit the country's economic 

growth as well as signing or ratifying international treaties and agreements. The country has one of the 

most fast growing economies of the region which goes hand in hand with new environmental challenges 

because of higher energy needs, generation levels and consumption. Peru has large amounts of unused 

biomass resources that could be used for the production of green energy. For that reason, a pyrolysis 

reactor was built to investigate the potential of pyrolysis oil production from different feedstock in Peru. 

Coffee grounds were used for these very first experiments and results on chemical and physical 

characterization of these input materials and the resulting products are presented here.  

 

Keywords: Peru, coffee grounds, bioenergy, pyrolysis, sustainable development. 
 

INTRODUCTION 

In recent years, Peru has become a very interesting emerging market due to its steady economic growth and 
political stability. These positive changes also bring challenges for the country, with particular attention to 
issues concerning sustainable development, environmental protection, as well as equality and social justice. 
Inevitably, a growing industry still goes concomitant with increasing environmental problems and a rising 
need for energy. For those reasons, Peru is in urgent duty to find new pathways for generation of sustainable 
green energy in order to guarantee social justice as well as environmental soundness. 
ECLAC-UN & GTZ (2004) compare different renewable energy resources in several countries in Latin 
America and the Caribbean. According to these agencies, Peru has the highest percentage of renewable 
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energy in the total national energy supply (33.1%; see Figure 1), and the use of wood for domestic energy 
purposes is almost triple compared to Colombia (4.9%) and Ecuador (4.4%). All three countries are 
dependent on hydropower as well. In general, it can be stated that the industrial use of biomass, solar energy, 
wind power and other green energy resources has high economic & ecological potentials and scopes to be 
develop in Peru. 
 

 
Figure 1: Peru`s total energy supply for year 2002 (Meisen & Krumpel, 2009) 

 

More recent statistical data was published by the Peruvian Ministry of Energy and Mines (Rimari, 2012). In 
Figure 2 it is shown that 26% of total energy and 40 % of electricity in Peru comes from renewable 
resources. In comparison, Argentina and Chile together produced 65.2 TWh of electricity from renewable 
sources in 2009. This corresponds to a share of 40.3% of total energy generation, although Chile has a 
higher percentage of renewable energy than Argentina (48.8% versus 29.2%). (Müller et al., 2011) 
 

 
Notes: 
1 Biomass integrates wood, dung & yareta, and bagasse. 
1) The share of solar energy is minimal. 
2) PJ = 1012Joule 
3) The numbers and lines in different colors and types show the percentage distribution of the 
different sources to the different sectors. 

Figure 2: Peruvian energy matrix for year 2010, in PJ (Rimari, 2012) 

Total Energy Consumption 
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It can be observed, that Latin America and the Caribbean countries are developing national programs for a 
green future and to face climate change. Also, Peruvian government has created a legal framework and 
development plans in order to increase future share of renewable energy. It has to be mentioned, that 
execution and control of this frameworks offer some difficulties. (MINEM, 2009) Mostly, good frameworks 
seem to exist only as proposals. An example is the law (Reglamento para la comercialización de 
Biocombustibles - D.S. N° 021-2007-EM) that commands an additive of 5% biodiesel in regular diesel and 
7.8 % ethanol in gasoline since 2010. (MINEM, 2005) 
Nowadays, Peru fulfills the demand with first generation biofuels, causing known adverse effects like 
rainforest deforestation, monocultures, conflict of food vs. energy crops, land use change and increased food 
prices, among others (FAO, 2008). NGO SVN have made some life cycle analyses for a few different 
biofuel production scenarios in Peru (with palm oil and jatropha). The model demonstrated that biofuel 
production depends strongly on the previous land use of areas where crops are planted. The most negative 
scenarios are those where primary forests are destroyed to get farmland for energy crops. (Veen & Carillo, 
2009) 
The renewable energy potential has a wide and interesting range of possibilities in Peru. The generation 
potential data of the country for renewable energies, energy efficiency and techniques like co-generation of 
heat and power (CHP) supports the great potential of biomass as a source for climate-neutral energy. Two 
principal procedures could be used for power generation from this feedstock by conversion technologies: 
direct combustion or production of environmental-friendly regenerative fuels, such as methane, ethanol, 
biodiesel, etc. An overview of different bioenergy production processes from biomass feedstock is given in 
Error! Reference source not found.. (IPCC, 2011) 

 
Commercial (solid lines) and developing bioenergy routes (dotted lines). Biomass from feedstock through 
thermochemical, chemical, biochemical and biological conversion routes to heat, power, combined heat and 
power (CHP), and liquid or gaseous fuels. Commercial products are marked with an asterisk.  Notes: 1. Parts 
of each feedstock, for example, crop residues, could also be used in other routes. 2. Each route also gives 
byproducts. 3. Biomass upgrading includes any one of the densification processes (pelletisation, pyrolysis, 
etc.). 4. Anaerobic digestion processes release methane and CO2, and removal of CO2 provides essentially 
methane, the major component of natural gas; the upgraded gas is called biomethane. 5. Could be other 
thermal processing routes such as hydrothermal, liquefaction, etc. DME=dimethyl ether. MSW = Municipal 
Solid Waste. 
Figure 3: Schematic view of bioenergy routes variety from biomass feedstock. (IPCC, 2011) 
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Bioenergy, especially liquid biofuels, seems to be a promising approach for energy independence, rural 
areas development and reduction of greenhouse gases emissions. However, negative consequences from 
biofuel production should not be forgotten. Thus, without an analysis of positive and negative local impacts, 
it is not possible to reach proper conclusions. In particular, the effects on food prices, economic growth, 
energy security, deforestation and climate change depend on the feedstock as well as on the production 
process and its local circumstances. Felix & Rosell, 2010 and Brown et al., 2011 show the state of the art of 
several technologies for advanced biofuels production, see Error! Reference source not found.. These 
processes and technologies may offer advantages such as: 

• use of non-food raw materials with lower land requirements; 

• higher efficient conversion processes; 

• production of “fungible fuels” (that can be blended in any proportion with conventional fuels); and 
• better greenhouse gas balance. 

  
 
Notes: 1. R&D = Research and Development; ORC = Organic Ranking Cycle; FC = Fuel Cell; BICGT = 
Biomass Internal Combustion Gas Turbine; BIGCC = Biomass Internal Gasification Combined Cycle 
Figure 4: Technologies for producing biofuels (Brown et al., 2011) 

 
The interaction between bioenergy generation and conventional agricultural and forestry goods production is 
shown in Error! Reference source not found. (and reported in IPCC, 2011). This depicted correlation 
depends on natural conditions, agronomic and forestry practices, and also on how people do understand and 
prioritize nature conservation and ecosystems protection. In developing countries, the agricultural sector 
plays an important and crucial role in supporting the livelihood and ensuring food security for the poorest 
populations. Concerted actions and coordinated strategies, along with good cooperation across different 
sectors, are necessary for a sustainable development, see Error! Reference source not found.. Generally, it 
could be said that the biofuel debate in developing countries has the tendency to focus on first generation 
liquid biofuels only and ignores other sources and possibilities for next generation biofuels. Use of woody 
feedstock and residue biomass could benefit rural economies by providing employment as well as supplying 
energy to poor communities with lack of energy. (Felix & Rosell, 2010) 
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Figure 5: Overview of key relationships relevant for assessment of biomass resource potentials. 

(Indirect land use and social issues are not displayed.) 

 

Situation in Peru 

Peru is a developing country with unsolved social, infrastructural and environmental problems. During the 
last years, progress could be observed in the country, but a significant amount of the population does not 
have access to public water system or electricity. Educational system reforms are necessary to decrease 
illiteracy rate and to support truly fight against insecurity, corruption and drug production & abuse. About 
11 % of the Peruvian population suffers from undernourishment, according to FAO (FAO, 2013). A further 
alarming number is that 18.1% of children younger than 5 years are affected by malnutrition. So, Peru seems 
to be in a state of food insecurity, and food production must not be affected or threatened by the bioenergy 
industry. Besides, it is important to mention that the lack of food and the rise of food prices are not only 
linked to liquid biofuels production but also associated with low income levels, inadequate use of food and 
other factors. (INEI, 2009) Moreover, 167 social conflicts in Peru were registered in October 2012 and 66 of 
them are latent and over 63% of the total are social-environmental conflicts, in most cases caused by mining 
activity. (Defensoría del Pueblo, 2012) 
The total available biomass supply for energy generation in Peru reaches up to 272 million metric tons, 
according to WISDOM (Wood fuels Integrated Supply/Demand Overview Mapping) analysis carried out by 
FAO (Felix & Rosell, 2010). It means, that 16 million tons of organic wastes are yearly available from 
agricultural and forest industries, and the remaining 256 tons represent the woody biomass potential from 
Peruvian natural forests. WISDOM analysis showed that many regions in Peru have important biomass 
volumes that could potentially be used to provide local energy. For example, woody biomass and forest 
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industry residues could both be used for direct or indirect local energy generation, but also be transported 
over long distances as briquettes, bio-coal, and bio-gas, among others. (Felix & Rosell, 2010) 
In general terms, the most common bioenergy type used in Peru are solid biofuels like dung, firewood and 
charcoal; 10 to 12 % of total energy consumption is based on solid biomass. The most important bioenergy 
resource for electric power generation is biogas generated by anaerobic decomposition of plant and animal 
wastes. Residues materials used include sugarcane bagasse, rice husk, forestry waste, wheat chaff, and rests 
from poultry, beef, cattle and pigs production. From January 2012 to September 2012, 114.9 GWh of 
electricity were generated by biogas, nearly twice compared to the production during the same period in 
2011. (OSINERGMIN, 2012) 
 

Pyrolysis 

Pyrolysis of biomass is an excellent technology to generate CO2 neutral energy. The use of products from 
the pyrolysis process leads to a closed carbon cycle, but if the charcoal, which is one of the products from 
the pyrolysis, is used like fertilizer, the result would be even a negative carbon cycle. Another direct 
approach is full combustion of biomass combined with a carbon capture and storage (CCS) technology. 
(Thomsen et al., 2011) 
Pyrolysis is thermal decomposition of organic material occurring in the absence of oxygen. It is always one 
of the first steps in combustion and gasification processes, followed by total or partial oxidation of the 
intermediate products. Lower process temperatures and longer vapour residence times in the pyrolysis 
process favour charcoal production. High temperatures and longer residence times increase the biomass 
conversion to gas, whereas moderate temperatures and short vapor residence times are optimum conditions 
for producing liquids (e.g. pyrolysis oil). Fast pyrolysis for liquid biofuel production is of particular interest, 
because liquids are easy to transport and store due to the good energy / bulk density relation in comparison 
with other feedstock. (Professional Engineering Publishers, 2003) 
 

Flash Pyrolysis  

Flash pyrolysis takes place in a short period of a few seconds or less. Therefore, not only chemical reaction 
kinetics but also heat and mass transfer processes, as well as phase transition phenomena, play important 
roles. The crucial issue is to bring the reacting biomass particle to the optimum process temperature and 
minimize its exposure to intermediate (lower) temperatures that favors charcoal formation. One way to 
achieve this goal is to use small feedstock particles, for example, in fluidized bed processes. Another 
possibility is to transfer heat rapidly to the particle surface, applied in ablative processes. (Bridgwater, 2001) 
In the flash pyrolysis process, biomass is decomposed mostly to vapors and aerosols and some charcoal. 
After separating the solid products, a dark brown liquid is formed by cooling and condensation of gas flow. 
This liquid has about half conventional fuel oil heating value. While the traditional pyrolysis processes are 
focused on charcoal production, fast pyrolysis is an advanced process with carefully controlled parameters 
to give high liquid products yields. (Bridgwater, 2008) 
Pyrolysis oil, the main product, is obtained in yields up to 75 wt% (in the most advanced processes and with 
wood as feedstock) on dry feed basis, along with by-products such as charcoal and gas. These two by-
products can be used to provide process heat requirements, so there are no other waste streams left than flue 
gas and ash. The pyrolysis oil is a liquid mixture of oxygenated compounds containing various functional 
chemical groups, such as carbonyl, carboxyl and phenolic components. (Pyne, 2012) 
A fast pyrolysis process requires drying the feedstock to typically less than 10 wt% of water in the product 
liquid oil. The next step consists of grinding the feed in order to get sufficiently small particles (≤ 2 mm for 
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fluid bed reactors) to ensure rapid pyrolysis reactions. Virtually, any form of biomass can be considered for 
fast pyrolysis. (Pyne, 2012) 
The heart of the process plant is the reactor where biomass will be transformed. The gas flowing through the 
bed behaves like a liquid. The advantages of a fluidized bed are (Basu, 2010):  

• excellent interactions between gas and goods (bed material); 

• excellent heat transmission; 

• excellent mass transport; 

• an homogenous mixture in the reactor; and 

• an easy-to-seal-reactor due to few moving parts.  
Nevertheless, there are also some disadvantages like erosion (sand destroys the walls of the reactor), as well 
as the possibility that sand escapes from the bed due to off gas flow, among others.  
The whole process only works in absence of oxygen, otherwise incineration would occur. The reactor has to 
be airproof to avoid the entry of oxygen. Also, an inert gas like N2 is required for fluidization to prevent 
oxygen incoming in the system. (Kunii & Levenspiel, 1991) 
Various kinds of biomass have been used as feedstock and studied in several pyrolysis processes. It was 
found, that feedstock type has a strong influence on the oil product yields. Yields up to 75 wt% can be 
reached with wood; on the other hand, oil yields between 25 to 50 wt% are obtained with different waste 
products (nut shells, residues of oil presses; etc.).(Weerachanchai, 2009) 
 

EXPERIMENTAL 

First bench scale pyrolysis reactor in Peru 

To start with the research on different biomass feedstock and its potential for pyrolysis processes in Peru, a 
bench scale pyrolysis reactor was constructed at the Pontificia Universidad Católica del Perú – PUCP (Klug, 
2014). One of the main goals was to use only materials available in Peru for the pilot plant construction. The 
first step was planning and calculation of the process. The process was modeled after the Hamburg fluidized 
bed process (Hamburger Wirbelschichtverfahren) (Gerdes, 2001). The flow chart of the pyrolysis plant 
constructed is presented in Error! Reference source not found.. Steel was used for construction to resist 
high temperatures, and the condensator and other glass parts were made out of borosilicate glass to support 
temperature changes.  
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Figure 6: Flow chart of the bench scale pyrolysis plant at Pontificia Universidad Católica del Perú 

(PUCP) (Klug, 2014) 

The process has three main stages: 
1. dosing and feeding of raw material, 
2. transformation of organic mass inside the reactor, and 
3. collection and separation of the products. 
The nitrogen gas pressure must be over 1.1 to 1.2 bars, slightly higher than atmospheric pressure in order to 
guarantee absence of oxygen and sand fluidization. Two materials were used for sealing the reactor: high 
temperature silicon for temperatures only up to 320 °C, and high temperature putty over this temperature. 
The system was isolated with glass wool. A 3D graphic of the reactor is shown in the next Error! Reference 
source not found. and 8. 
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Figure 7: 3D picture of the steel parts of the pyrolysis plant (Klug, 2014) 

 

 
Figure 8: Fully assembled pilot plant at the Environmental Chemistry Laboratory of the Pontificia 

Universidad Católica del Perú (PUCP) (Klug, 2014) 

 
The biomass feed quantity can be controlled by the engine speed of a rotary feeder. The screw feeder 
introduces biomass into the reactor (one liter volume) and there is a small stirrer in the storage tank to avoid 
material bridging. The fluidized bed reactor can be operated between 450 and 600 °C. For the bed material, 
fine quartz sand was used with a particle size of 350 – 450 µm. The plant works usually with a feeding rate 
of 300 g/h and a grain size (i.e. maximum diameter) of the raw material input of ≤ 0.5 mm. The residence 
time in the reactor, that has a volume of 1.03 L, is between 0.5 – 2 seconds. For the control of the electric 
heating system, the plant has 6 thermo-couples (Tipo K). 
After the reactor, the gas flows to a cyclone that separates the solid particles (i.e. charcoal). This charcoal 
could also be used to supply energy. The reactor and the cyclone are isolated, because the challenge is to 
cool down the gas very quickly in the condenser, and not before, in order to achieve a high oil yield. The 
cooler liquid of the cryostat can reach temperatures down – 20 °C during the experiments. 
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The gas passes through a final glass wool filter, where ultimate particles are separated. After leaving the 
pilot plant, the gas is burned because it contains CO, CH4 and other hydrocarbons, whereby methane is a 
greenhouse gas and should not be released into the atmosphere. In the future, an exact analysis is planned to 
assess utilization for these pyrolysis-gases. 
The first experiments with collected coffee grounds as reactor feedstock were initiated when all the process 
parameters have been checked. Coffee is a worldwide important agricultural commodity and second in 
global trade activity and value, only exceeded by petroleum (Global Exchange Organization, 2013). In last 
years, the need for waste reduction and search for new bioenergy feedstock have stimulated research in 
coffee production wastes and coffee grounds. When coffee powder is contacted with hot water or steam, 
under favorable conditions for preparing the known beverage, a solid waste is left over known as coffee 
grounds. 
The feed preparation process begins with drying the raw material in an oven, followed by fragmentation 
with a blender. The final step was sieving the particles to separate those with diameter less than 0.5 mm. The 
temperature selected for the first experiments was 500 °C with a gas flow rate of 10 L / min. Around 2.3 
grams of coffee entered the reactor per minute and 120 g of fine quartz sand was used as bed material. 
A cryostat with an ethylene glycol-water mixture is used for cooling down the glass condenser to – 15 °C. 
The liquid (i.e. pyrolysis oil) is collected in a borosilicate glass vessel located below the condenser. The 
collected product forms two liquid phases: the top layer is a black liquid much more viscous than the lower 
clearer one. With gentle heating, a single black colored liquid phase is observed.  The other two products are 
pyrolysis-coke and a mixture of nitrogen and combustible gases produced in the reactor.  
First experiments were performed and by some small modifications in the reactor the oil yield could be 
raised to 33 – 36 %. Compared to literature (oil yields up to 50 % reported), the oil yield could be enhanced, 
which means additional investigation and money are needed to improve the plant and optimize the process 
parameters (Jin et al., 2012; Romeiro et al., 2012; Zuorro & Lavecchia, 2012). 
For the characterization of the recovered oil the following tests were made: 

• Water content    ASTM D 95 / 05 (10) 

• Density    ASTM 1298 / 99 (05) and with a pycnometer 

• Heating value    ASTM D 4868 / 00 (10) 
• Ashes      ASTM D 482 / 07  

• Sulfur     ASTM D 4294 / 10 

• Pour point    ASTM D 97 / 11 
• FT-IR Spectroscopy   FTIR Spectrum 100 Perkin Elmer spectrophotometer 

• GC-MS Chromatography  HP 5890 Series II GC with a HP-1 

• X-Ray Fluorescence Spectroscopy ED-XRF Bruker AXS Handheld model 
 

RESULTS AND DISCUSSION 

First experiments showed that the described pilot plant works well. As this is the first pyrolysis reactor built 
in Peru, it becomes clear that there are quite some opportunities for improvements. Because of the limited 
financial resources, some decisions for modest adjustments had to be made. Nevertheless, the main goal and 
purpose of the project, the production of pyrolysis oil from biomass, was achieved.  
One major problem faced was loss of oil because of depositions on the inner tube walls. These deposits also 
plugged the tubes after a certain time of operation (i.e. after the use of 2 kg of coffee feedstock during the 
experiments), and are the reason for necessary occasional cleaning operations of the system. For cleaning 
the metal parts, as well as for glassware, an aqueous NaOH solution (10 – 20%) was used. During the 
experiments, tubes heating could be improved and oil yield consequently increased. To further minimize 
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unwanted deposits (i.e. oil and ash) on the walls is a future challenge. Reducton of the tubes length might be 
tested, so the whole installation would be more compact. This would improve to heat up the system and 
diminish the surface for deposits.  
There was no complete fine charcoal particles discharge from the reactor, so the amount of small particles 
accumulating within the reactor would continuously increase over time. The negative effects observed were 
a necessary reactor shut down and a reduced heat transfer. A new reactor head design to favor charcoal 
discharge is proposed to solve the problem. On the other hand, the cyclone has a very high separation rate as 
shown by the small number of solid components in output oil only. 
The oil separation in the condenser worked properly because of the low temperature (i.e. - 15 °C) and the 
consequent temperature drop of the gas. Fast color change from white to brown could be observed in the last 
glass wool filter. Also, some liquid deposits on the wall were found. Apparently, there remain still a few 
small liquid droplets in the gas flow after the oil separation systems that could be collected with an 
additional separator, for example, an electric filter already used in similar systems.  
Spent coffee grounds are a quite interesting feedstock, generated all over the world. Also, reactor charging is 
easy, because previous steps needed are desiccation and sieving only. Other waste materials obtained during 
coffee production process should be considered in the near future as an interesting additional feedstock. It is 
known that the use of pyrolysis charcoal as dung could contribute to improve the fertility of soils where 
extensive coffee production is done. The use of this by-product as fertilizer, or the change of parameters in 
the pyrolysis process for a higher yield of charcoal, would drive to really interesting new research work 
 

Physical and chemical characterization of the recovered oil 

Regarding the main product, the collected oil separates in two different phases. The lighter phase is a dark 
liquid, much more viscous than the heavier one. The results obtained showed that the heavy phase contains a 
high amount of water, which is the reason why only a few analyses on it could be performed. The upper 
heating value (UHV) of the lighter phase could be doubled by the simple step of phase splitting, and is 
nearly like domestic fuel oil (UHV = 43 MJ/kgOS) or gasoline (UHV = 41 MJ/kgOS). That means that the 
pyrolysis technology raises the feedstock energy density. Analyses data present low contents on sulfur and 
inorganic compounds. Density result shown (i. e. 1,038 kg/m3, see Table 1) is comparable with the values 
obtained using a pycnometer (Pycnometers, Blaubrand®, with thermometer and side capillary, Borosilicate 
glass 3.3. DIN ISO 3507, Guy-Lussac type). 
The results from the oil analysis are shown in Tables 1 and 2. Table 1 shows the results of the entire oil 
(both phases together) and it can be observed that the water content is over 25% vol which is consistent with 
the values found in literature (Bridgwater, 2007). The very low sulfur content and ashes percentage indicate 
that sample composition is mainly organic. The upper heating value (UHV) is higher than for wood (UHV = 
15 MJ/kgOS) but much lower than for domestic fuel oil (UHV = 43 MJ/kgOS). Other investigations (Jin et. 
al., 2012) show similar results with a reported density of 1,100 kg/m3, ash content smaller than 0.2 %wt and 
an upper heating value (UHV) around 20 MJ/kgOS for the entire oil, but it is clear that more experiments and 
data are necessary for verification of results. Due to its property for building two different phases, the oil 
was put into a separation funnel. The resulting two phases were analysed separately and the results are 
shown in Table 2. 
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Table 1: Measured parameters of the recovered bio-oil 

Method Parameter Unit Whole oil 

ASTM D 95 / 05 (10) Water content % Vol > 25 
ASTM 1298 / 99 (05) Density kg/m3 1,038 

ASTM D 4868 / 00 (10) 
Heating value 
(Calorific value) 

MJ / kgOS 
17.39 (LHVOS) 
19.72 (UHVOS) 

ASTM D 482 / 07 Ashes % wt 0.028 
ASTM D 4294 / 10 Sulphur % wt 0.201 
ASTM D 97 / 11 Pour point °C + 18°C 

 
Table 2: Measured parameters of the different phases of the recovered bio-oil 

Method Parameter Unit Light Phase Heavy Phase 

ASTM D 95 / 05 (10) Water content % Vol 11.0 > 25 
ASTM 1298 / 99 (05) Density kg / m3 1,027 1,058 

ASTM D 4868 / 00 (10) 
Heating value 
(Calorific value) 

MJ / kgOS 
35.48 (LHVOS) 
37.74 (UHVOS) 

n.d.* 

ASTM D 482 / 07 Ashes % wt 0.035 n.d.* 
ASTM D 4294 / 10 Sulfur % wt 0.163 n.d.* 
ASTM D 97 / 11 Pour point °C +21 n.d.* 

*n.d.: not determined 
 
FT-IR Spectroscopy data 

FT-IR spectroscopy was performed with samples of both fractions of the pyrolysis oil. The spectra were 
obtained with a FTIR Spectrum 100 Perkin Elmer spectrophotometer, thin oil film between NaCl windows, 
and a resolution of 4 cm-1. The two spectra showed more or less the same profile as displayed in Figure 9.  
 
 

 

 
 
 
 
 
 
 
 

Figure 9: FTIR Spectrum of pyrolysis oil sample 

 
O-H stretching vibrations between 3200 and 3400 cm-1 can be observed, corresponding to the presence of 
phenols and alcohols. There are also C-H stretching vibrations between 2850 and 2950 cm-1 visible, that are 
typical for alkanes, and C-H deformation vibrations between 1350 and 1475 cm-1. Bands at 1378 and 1453 
cm-1 for bending vibrations of C-H groups as well as C=O stretching absorptions at 1704 cm-1, indicate the 
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possible presence of aldehydes. Another visible band at 1514 cm-1 may be assigned to aromatic C=C ring 
breathings, indicating aromatic rings with various types of substituents. At 1200 and 1300 cm-1, C-O axial 
asymmetric deformations bands are found. (Uzun et al., 2010; Lievens et al., 2011; Lafont et al., 2011) 
 

GC-MS Chromatography data 

For gas chromatography, a HP 5890 Series II GC with a HP-1 (Methyl Silicone Gum Instrument Test, 5 m x 
0.53 mm x 2.65 µm film thickness and PetroCol 2887 Crosslinked dimethylpolysiloxane Capillary Column, 
5 m x 0.53 mm x 0.1 µm film thickness) was used. The program features are:  

• Injection temperature: 340 °C  
• Detector tempeature: 350 °C.  

• Initial temperature: 40 °C for 5 min  

• Final temperature: 330° C for 5 min  

• Temperature rate: 8 °C/min  

• Sample volume: 1 µL  
• Gas (gas flow, pressure): He (5 mL/min, 2 psi). 

Supelco C8-C20 and C8-C40 alkanes calibration standard in dichloromethane mixtures were used. It was 
possible to identify alkanes with 15, 17, 18, 19 and 28 carbon atoms for the light phase, and 15, 17, 18, 20, 
25, 28, 31 and 33 carbon atoms for the heavy phase (see Figure 10).  
 

 
 

 

 

 

 

 

 

 

 

 

Figure 10: GC-MS Chromatogram of bio-oil sample (heavy phase) 

 

X-Ray Fluorescence Spectroscopy data 

X Ray fluorescence spectroscopy was applied to charcoal samples obtained from pyrolysis of coffee grounds 
(Figure 11), using an ED-XRF Bruker AXS Handheld model and sample cups with Mylar thin film. The 
samples were kept in a desiccator and analyzed under laboratory conditions like: 40 KeV, 60 s run, without 
filters, under air. Elements were identified by their main peaks and the elemental composition of the sample 
(relative percentage) was calculated by semi – quantitative analysis. The XRF spectrum (see Figure 12) 
indicates that main elements present in coke are K and Ca (> 70%) and transition metals (Fe, Ni, Cu, Mn, Zn 
and Ti) reaching almost 25%. This result agrees with literature data.  
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Red line: pyrolysis coke; blue line, XRF sample cups and Mylar film, no sample (blank) 

Figure 11: X Ray fluorescence spectra of charcoal obtained from coffee grounds by pyrolysis. 
 
 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 12: Semi-quantitative results on elemental composition (relative percentage) of charcoal 

determined by ED-XRF spectroscopy 

 

Conclusions 

These early results proved that pyrolysis “Made in Peru” is possible. The effects of different pyrolysis 
temperatures and different feedstock are not enough investigated yet. Additionally, experiments with cooked 
rice (food wastes from the campus restaurants) as reactor feedstock have not brought any usable results. 
Short time after beginning the experiments, rice particles and sand formed a hard bulky mass that clogged 
the reactor before any oil could be collected. The analyses performed showed that the recovered oil consists 
of different alkanes, phenols, alcohols and aromatics. It is expected that pyrolysis oils are a very complex 
mixture of different organic compounds that contain quite a lot of aromatics and oxygenated compounds, so 
analysis of the sample by gas chromatography-mass spectrometry (GC-MS) have to be improved to get a 
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clearer and better picture of the complex composition. A very interesting task in the future will be to analyze 
the pyrolysis gas and also searching for alternative utilization possibilities for the products of pyrolysis.  
 
Undoubtedly, this reported project counts only as the first step to introduce this technology in the country of 
Peru. There is no question that there is still a long way to go, but the great potential with a lot of unused 
biomass sources in Peru is undisputed. With enough reliable data from more experiments and different 
feedstock, a scale up of the described pyrolysis plant is planned.  
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