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OVERVIEW 

• Country: Paraguay 
 

• Scale at which the GBEP indicators were measured: national. 
 

• Years during which the GBEP indicators were measured: 2016-2018 
 

• Organization commissioning/overseeing the measurement of the GBEP indicators: 

FAO/GBEP 
 

• Organizations carrying out the measurement of the GBEP indicators: FAO/GBEP in 

cooperation with the followings Centers of Excellence:  

 

o The Asociación de Docentes Investigadores de la Facultad de Ciencias Agrarias 

de la UNA (ADIFCA), which took the lead on the environmental indicators;  

o the Centro de Estudios Ambientales y Sociales (CEAMSO), which had the 

primary responsibility over the social indicators; and  

o the Universidad Católica Nuestra Señora de la Asunción (UCA), which led the 

measurement of the economic indicators. 
 

• Source(s) of funding: the International Climate Initiative (IKI) of the Federal Ministry 

for the Environment, Nature Conservation, Building and Nuclear Safety of Germany. 
 

• Funding size: 500 000 – 1 000 000 USD 

 

• Existing bioenergy pathways (e.g. feedstocks, processing technologies, fuels and end-

uses) in the country: Wood energy at household and industrial scale; ethanol from 

sugarcane and maize for transport; biodiesel from soybean; and biogas from livestock 

manure. 
 

• Bioenergy feedstocks assessed through the GBEP indicators: Woody biomass 

(including eucalyptus chips from dedicated forest plantations); Sugar cane and Maize 

for ethanol production.  
 

• Liquid, solid and gaseous fuels assessed through the GBEP indicators and respective 

end-uses (e.g. heating and cooking, power generation and transport) and end-use sectors 

(e.g. residential, commercial, industry): Maize ethanol fuel for transport; sugarcane 

ethanol fuel for transport; woody biomass for cooking and heating at household level; 

and eucalyptus chips for energy (thermal and steam) at industrial level. 
 

• GBEP indicators measured (disaggregated by bioenergy feedstock, fuel, end-use and 

end-use sector considered, as necessary):  



 

 

- Maize ethanol fuel for transport: GSI measured: 1-2-3-4-5-6-7-8-9-10-11-12-

16-17-18-19-20-21-22-23-24; 

- Sugarcane ethanol fuel for transport: GSI measured: 1-2-3-4-5-6-7-8-9-10-11-

12-16-17-18-19-20-21-22-23-24; 

- Woody biomass for energy (cooking and heating water) at household level: GSI 

measured: 1-2-3-4-5-7-8-9-11-12-13-14-15-17-22; and 

- Woody biomass for energy (thermal and steam) at industrial level, with 

particular attention to Eucalyptus chips production and use from dedicated forest 

plantations. GSI measured: 1-2-3-4-5-7-8-9-11-12-14-16-17-18-19-22-23-24. 

 

• Approach/methodology used for attribution of impacts to bioenergy: 

Ethanol from maize and sugarcane  

There is a marked difference between the soil and crop management practices adopted by small-

scale (SS – up to 10 ha) and medium- and large-scale (MLS – from 10.1 ha) sugarcane 

producers, therefore, two scenarios were analysed. The growing cycle of sugarcane is five years 

for MLS producers and up to 10 years for SS producers. In case of MLS, soil preparations 

(tillage, fertilization, sowing, among others) and replanting occurs every 5 years, whilst in case 

of SS it occurs every 10 years. In case of SS producers harvest occurs manually, whilst in case 

of MLS producers it is mechanized. Sugarcane yield is, on average, around 35-40 tons per year 

in case of SS producers, whilst it is around 65 tons per year in case of MLS producers. Use of 

soil fertilizers and amendment is significantly higher in case of MLS compared to SS producers. 

In the case of maize, only production at large scale was considered because small scale 

production is usually addressed to food consumption. The maize cultivated at large scale, is 

named “Zafrina” and is cultivated in crop rotation with wheat and soybean, being the latest the 

most important from an economic point of view. Therefore, perform the analysis of indicators 

1, 4 and 8, the economic method was used for allocation, in which the sales prices of soybeans, 

maize and wheat on the international market (Chicago Stock Exchange) were studied for the 

period 2009 -2017 and an estimate of prices for the year 2018. The economic analysis took also 

into account the production yields in ha/year for each of the above crops.  

Woody biomass for energy 

For the analysis of woody biomass for energy generation, the life cycle of wood chips from 

dedicated Eucalyptus spp. (several species and clones) forest plantations was considered and 

compared with charcoal production and use from non-dedicated forest. 

• Year when the next measurement of the GBEP indicators is planned: tbd 
 

 

KEY RESULTS 

• Overview: 

Ethanol from maize and sugarcane  

The mixture of anhydrous ethanol in gasoline began in Paraguay in 1999. However, a 

significant and rapid increase in domestic ethanol production and consumption was recorded 

only after the adoption of Law 2748/05 of “Promotion of Biofuels” (“Fomento a los 

Biocombustibles”). As a matter of fact, ethanol production grew from less than 60 million litres 

in 2006 to almost 280 million litres in 2016, when this biofuel accounted for around 28 percent 

of total gasoline consumption in Paraguay, reducing its dependence on fossil fuel imports.  



 

In the country, anhydrous ethanol is mainly used in mixtures (up to 25 percent) with gasoline, 

and also E85 (85 percent anhydrous ethanol) and hydrous ethanol in direct use as fuel in Flex 

Fuel vehicles (FFV). The growth of the domestic ethanol market is expected to continue due to 

Law 5444/15, promulgated in July 2015. This law seeks to further promote the consumption of 

ethanol by boosting the imports of FFV, and requiring that at least 30 percent of the State’s 

vehicles be Flex Fuel. In Paraguay, there are currently 12 ethanol plants, with a total production 

capacity of 340 million litres per year. Nine plants have the flexibility to use sugarcane and/or 

grains as raw material. Meanwhile, three of them, including one owned by Petropar, produce 

ethanol exclusively from sugarcane. Law 5444/15 establishes that ethanol must be produced 

from sugarcane and that once there is no more availability of this feedstock, it can be produced 

from other raw materials. The reality is that the use of maize as raw material for the production 

of ethanol has been gaining space, to the detriment of sugarcane. In 2016, almost 56 percent of 

ethanol in Paraguay was produced from grains (mainly maize), up from around 44 percent in 

2014. 

Woody biomass for energy 

Energy from forest biomass is one of the most important energy forms in Paraguay, with a high 

contribution to the National Energy Balance. The collection of fuelwood and the production of 

charcoal, as well as the expansion of agricultural land and pastures, are the main drivers of 

deforestation and forest degradation in Paraguay. Until the 1990s, 52 percent of the total land 

area of Paraguay was forests. In the last 25 years, the country has been afflicted by enormous 

deforestation, which has caused the loss of 5.8 million hectares of forest land, at a rate of more 

than 203 000 hectares per year. Between 2002 and 2012, Paraguay was the country with the 

second highest percentage of forest loss in the world (9.6 percent). In recent years, various 

legislative initiatives have been adopted in Paraguay with the aim to protect native forests, 

promote the establishment of forest plantations and improve the traceability and sustainability 

of the forest biomass supply chain. Law 524/04 (better known by the name “Zero 

Deforestation”) was enacted to prohibit the processing and conversion of forest areas in the 

Eastern Region. Since then, the rate of deforestation in the Atlantic Forest of Alto Paraná has 

fallen dramatically, by 90 percent compared with 2002. In 2012, the National Reforestation 

Plan (Plan Nacional de Reforestación) was drawn up, which foresees the planting of 450 000 

ha of forest plantations from 2013 to 2027. Furthermore, through the Presidential Decree 

4056/2015, the Vice Ministry of Mines and Energy (VMME), in coordination with the National 

Forest Institute, the Ministry of Environment and the Ministry of Industry and Commerce, is 

authorized to establish certification schemes, and regimes of control and promotion of the use 

of bioenergy that guarantee the sustainability of these renewable energy resources. An effective 

implementation of the aforementioned measures can contribute to improve the sustainability of 

the forest biomass and wood energy value chains in Paraguay. However, additional efforts 

would be necessary in order to further improve the sustainability of the sector and fully exploit 

its rural development and poverty reduction potential. 

• Environmental pillar: 

Ethanol from maize and sugarcane 

The maize used for ethanol production is called “zafra” (or “zafriña”) maize. It is grown in 

medium and large-scale farms, while the maize produced at small scale is generally addressed 

to human consumption. The life cycle of ethanol from zafra maize has the lowest GHG 

emissions (-53 percent compared to gasoline), followed by ethanol derived from sugarcane 

from medium and large-scale producers (-40 percent) and finally ethanol obtained from 

sugarcane from small-scale producers (-23 percent). In order to achieve higher GHG emission 

savings, feedstock productivity should be increased (especially for sugarcane and at small scale) 

and land use change should be reduced and possibly avoided. In the areas where sugarcane and 



 

maize are grown and processed, the results of Indicator 6 show levels of contamination 

(especially of phosphorus) of water resources above the limits established by the Secretariat of 

the Environment (SEAM). A systematic monitoring of both surface water and groundwater is 

recommended in these areas. Overall, in order to improve the sustainability and competitiveness 

of the ethanol value chain in Paraguay and enable an expansion of ethanol production without 

further pressures on land and land use, a sustainable intensification of feedstock cultivation is 

needed, especially for sugarcane and at small scale. This can be achieved through the adoption 

of more productive varieties and of improved management practices, inputs and technologies, 

which should be promoted through adequate policies and incentives. Among other options, the 

possibility to use irrigation during drier periods should be explored, giving priority to highly 

efficient, precise technologies that minimize the risk of nutrient leaching and runoff. 

Woody biomass for energy 

According to the results of Indicator 3, the total annual demand for solid biomass for energy 

at both household and industrial levels is from 8 515 000 to 12 147 000 tonnes, whilst the annual 

volume of sustainable biomass supply for energy (including biomass from forest plantations 

and from the sustainable harvest of managed native forests) is from 927 560 to 1 162 365 tonnes. 

Therefore, the supply of woodfuel from sustainable production is not sufficient to cover current 

demand at the household and industrial levels, showing a negative balance of approximately 

7.5-11 million tonnes. Additional pressures come from the demand for charcoal for the export 

market, mainly Brazil, where most charcoal is illegally exported by trucks crossing the borders. 

The Life-cycle analysis (LCA) of Eucalyptus chips production and use revealed that the major 

contribution to GHG emissions is linked with biomass cultivation and harvest (5.20 gCO2eq 

/MJ chips), followed by land use change (3.10 gCO2eq /MJ chips), chips transport (2 gCO2eq 

/MJ chips) and energy production (0.40 gCO2eq /MJ chips).  A comparison between the results 

of the LCA conducted for Eucalyptus chips and for traditional charcoal production and use 

revealed that the use of chips allows for savings of 90.26 percent of gCO2eq per MJ of energy 

generated. 

• Social pillar: 

Ethanol from maize and sugarcane. 

With regard to land tenure, farms with less than 50 hectares, which represent almost 55 percent 

of the area under sugarcane harvest, are the ones with the greatest problems of titling. 

Furthermore, some of the land used for sugarcane and maize cultivation (including for ethanol 

production) have experienced a significant increase in their market value (Indicator 9). In order 

to improve the social sustainability of the ethanol value chain, it is important to monitor and 

address these issues. According to the results of Indicator 10, the production of ethanol 

contributed to higher prices for maize and especially sugarcane. However, the production of 

ethanol did not reverse the trend of decreasing real prices and, therefore, did not diminish the 

use of sugarcane and maize for food. As the ethanol market continues to expand, the impacts 

on food supply and prices should be monitored. In 2016, it is possible to estimate that there 

were some 20 000 jobs in the production of sugarcane and about 3 500 jobs in ethanol plants. 

Considering the indirect jobs (around 112 000), this amounts to around 135 500 people directly 

or indirectly linked to the production of ethanol from sugarcane (Indicator 12). As the 

mechanization of sugarcane cultivation progresses, temporary and unskilled jobs are being lost, 

mainly cane cutters. Requalification programs should be foreseen for these displaced workers, 

in order to facilitate their re-introduction in the job market.  

Woody biomass for energy 

Although Paraguay has one of the highest electrification rates in Latin America, with 

100 percent of urban households and 98 percent of rural households with access to electricity, 

around 50 percent of rural households were still relying on traditional biomass for cooking and 



 

heating in 2015, even though this share has been rapidly decreasing in recent years (in 2008, it 

was 73.6 percent). As matter of fact, solid biomass and biofuels constitute 43 percent of the 

total energy consumption. In the country, woodfuel is used at household level for heating and 

cooking, and at industrial level for the production of thermal energy and steam (Indicator 14). 

At household level and in rural areas, fuelwood is mainly burnt on open fires, with negative 

health effects due to exposure to indoor air pollution (Indicator 15). In these areas, wood has 

become scarce due to the loss of forests (especially in the eastern part of the country) and the 

population must buy it or spend large amounts of time collecting it (Indicator 13). 

• Economic pillar: 

Ethanol from maize and sugarcane 

If a production of 55.9 t/ha/year for sugarcane and 4.22 t/ha/year for maize is considered; if 65 

litres of ethanol per ton of sugarcane and 350 litres of ethanol per ton of maize are produced, it 

is concluded that 3 633 litres of sugarcane ethanol and 1 477 litres of maize ethanol are obtained 

per hectare per year, equivalent to 76 544 MJ/ha/year for sugarcane ethanol and 31 115 

MJ/ha/year for maize ethanol.  

Estimates indicate that the net energy ratios calculated for the production of sugarcane at SS 

and at MLS were 77.96 and 21.88, respectively, with SS sugarcane being 3.6 times more energy 

efficient for the production of raw material. The maize production showed a net energy ratio of 

2.21.  

In 2016, the total volume of ethanol production was 277 750 thousand litres, of which 122 550 

thousand litres come from sugarcane and 155 200 thousand litres from maize. 

The main ethanol consumption on the Paraguayan market occurs as anhydrous ethanol in 

mixtures with gasoline. Regarding the use of hydrated ethanol as fuel for FFV of Brazilian 

origin, despite the current legislation (e.g. Law 5444/15) promoting its consumption, the 

demand shows marginal growth and does not reach the projected consumption values due to 

the fact that part of this consumption was replaced by the Flex E-85. 

Woody biomass for energy 

The approximate price and cost per ton of Eucalyptus chips is 70 USD/t and 45-56 USD/t 

respectively, for a calorific value of 21 MJ/kg. Forest biomass from Eucalyptus plantations for 

energy purposes showed a net energy ratio of 29.4, indicating that the use of this resource as an 

energy source is sustainable over time. 

 

 

 

 

 

  



 

KEY LESSONS LEARNT AND RECOMMENDATIONS ON THE RELEVANCE, 

PRACTICALITY AND SCIENTIFIC BASIS OF THE INDICATORS 

• Overview / cross-cutting: 

A preliminary detailed description of the bioenergy value chain as it is actually 

implemented in the specific context is key to highlight the various facets, scales, peculiarities 

to be considered in the LCA. The Paraguayan implementation of the GSI has highlighted the 

importance of considering various feedstock for the same type of bioenergy product (e.g. 

sugarcane and maize for bioethanol production) but also various scale for each step of the value 

chain: not only for bioenergy use (e.g. household or industrial level) but also for biomass 

production systems (e.g. in the case of sugarcane at small and at medium-large scale for ethanol 

production).  

Not all indicators are always relevant for certain pathways or contexts. For instance, some 

indicators have been defined with in mind a specific bioenergy pathway (such as Indicator 24 

for ethanol production) and cannot be applied to all the other bioenergy pathways (e.g. ind. 24 

in the case of woody biomass for energy production).  

Ensuring data consistency is key. Some data are used as input for the calculation of various 

indicators. Therefore, at the beginning of the GSI implementation it is important to agree on the 

use of the same data source. This phase is particularly important when the implementation of 

the GSI is developed by a multidisciplinary team of experts focusing on different indicators. 

Furthermore, some data could be calculated as an output of one indicator and then used as inputs 

in one or more other indicators. For example, bioenergy production costs can be calculated as 

part of the measurement of indicator 17 and may be then used as input data for the measurement 

of indicator 19. Also in this case, it is extremely important to ensure the consistency of all the 

data used and produced in the report. 

Access to data owned by the private sector is key for a thorough monitoring of the selected 

bioenergy value chains. Part of the information could be of a commercially sensitive nature (or 

could be perceived as such by operators) and thus should be treated as confidential. The 

cooperation of business associations, ideally as part of the Multi-Stakeholder Working Group 

(MSWG), could play a key role in this regard. Where necessary, confidentiality agreements 

could be signed with private companies.  

Concerning primary data, the size and geographical coverage of the field surveys carried 

out during the project were rather limited, due to time and resource constraints. In order to 

get an accurate picture of the effects of modern bioenergy development in the different regions 

of Paraguay, it is recommended to collect additional data. Priority should be given to the areas 

that are most relevant in terms of prominence of the various sustainability issues 

addressed by the GBEP indicators, as well as in terms of volume of production and use of 

the selected bioenergy pathways. 

 

• Environmental pillar: 

Ethanol from maize and sugarcane. 

The methodology for the calculation of Indicators 1 and 4 required tailor-made adjustments 

in order to be able to take into account the peculiarities of the two different scenarios considered 

for sugarcane production at small scale and at medium-large scale, e.g. a crop cycles of 5 

(medium and large scale) or of 10 years (small scale), as well as different level of inputs. Further 

adjustments were also made to finalize the attribution of the impacts of ethanol production and 

use (e.g. to estimate the land-use change (LUC)) in the case of maize cultivation for ethanol 

production. In fact, maize is part of a crop rotation together with wheat and soybean, where the 

latter is commonly recognized as the main driver for LUC, due to its high value and larger use 



 

for animal feeding purposes. The assessment of other environmental impacts requires a wider 

LCA which should consider the entire crop rotation systems. As an example, the impact of an 

excessive distribution of fertilizer or other chemical inputs (e.g. herbicides and pesticides) needs 

to be assessed at crop rotation level and then allocated to different crops.  

With relation to Indicator 2, we faced a lack of data both in terms of spatial and temporal 

dimensions: the assessment of the impact of certain crop cultivation practices on SOC requires 

long term series of data referred both to topsoil and subsoil in the specific cultivated area. 

Furthermore, primary data collection campaigns are complex and both time and resource 

intense. 

Woody biomass for energy 

For an effective monitoring of the sustainability of the forest biomass for energy in the future, 

the following recommendations were identified: 

- At the national level, baseline data and systematic monitoring is required on the amount 

of harvested wood resources, including woodfuel and forest residues, collected per year; 

the estimations of the average net annual growth of native forests and plantations should 

be continued. 

- Improvement is required in plantation data records, data on the purpose and final 

destination of the products and by-products, as well as in the census of number and types 

of existing plants based on the use of wood energy as a feedstock. 

- The data of the forest sector should be systematized, updated and published through a 

joint effort between the private sector, research institutions and regulatory bodies. 

 
 

• Social pillar: 

Concerning primary data, the size and geographical coverage of the field surveys carried 

out during the project were rather limited, due to time and resource constraints. In order to 

get an accurate picture of the effects of modern bioenergy development in the different regions 

of Paraguay, it is recommended to collect additional data. 

In case of Indicator 13, an adjustment in terms of gender neutrality was needed because, in 

this specific context, it is the male family members who typically collect biomass rather than 

the women or children, as mentioned in the official definition of the indicator. 

 

• Economic pillar: 

Indicator 17 and 18 serve as data input for the calculation of many other indicators. Indicator 

18, in particular, should be measured in parallel with indicator 1 and 4, as its measurement also 

requires the use of an LCA approach. Therefore, this indicator could be finalized only once the 

value chain as implemented in the specific context was deeply characterized and described. 

Due to lack of information regarding the value of the national supply of eucalyptus chips, the 

GVA could not be calculated. In the absence of information on the GVA generated by ethanol 

and biomass production in Paraguay, the most representative plants were used as proxy. 


