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2. Executive Summary 

To encourage sustainable consumption and production patterns in the value chain of palm oil in 
Guatemala, a complete life cycle and water footprint assessment were conducted following ISO 
14040:2006, 14044:2006 and 14046:2014 standards at the company Las Palmas S.A.  
 
The goal and scope of the study was to assess the life cycle environmental impacts for the 
production of 1 tonne palm olein at the refining facilities in Escuintla, Guatemala; during the 
production period of 2016-2017. The system boundaries included: Pre-nursery, nursery, palm 
plantation, crude palm oil extraction and oil refining. Economic allocation factors were used to 
distribute the environmental burdens amongst products and co-products.  
 
Life cycle inventories for the foreground system were built using primary data provided by the 
company. For the background system (infrastructure, fertilizer and pesticide manufacture) the 
ecoinvent 3.2 datasets were used. These datasets represent global production averages.  
Emissions to air, water and soil from fertilizer and pesticide application were estimated as well 
as those from fossil fuels. In addition, greenhouse gas emissions from palm oil mill effluent 
(POME) and direct land use change (LUC) were modelled. Emissions from POME and LUC are 
concerning issues that have not been properly addressed in Guatemala and this information was 
used to estimate a carbon footprint average for palm oil systems in the country. The other two 
concerning issues from palm oil systems are water consumption and water pollution. Therefore, 
all input and output water flows in the supply chain and operations were inventoried. 
 
The results of the impact assessment using the ReCiPe method, show that the agricultural stage 
dominates life cycle environmental impacts. The driver of these impacts is on first place, fertilizer 
and pesticide manufacture. Secondly emissions from agricultural activities, and third from 
production of fossil fuels.  
 
The carbon footprint results to produce 1 tonne palm olein, was estimated at 595 kg of CO2-eq. 
More than 50% of the carbon footprint comes from the manufacture of fertilizer and pesticides. 
The biodigestion of POME for electricity generation reduces the carbon footprint in 20%. In 
systems that do not treat POME, these emissions could add more than 1,500 kg of CO2-eq per 
tonne of crude palm oil (CPO). Furthermore, in systems using land that was previously tropical 
forests the carbon footprint could increase more than 270 kg of CO2-eq per tonne of CPO. 
   
The water footprint inventory results to produce 1 tonne of palm olein show that the total 
amount of water used is 642.6 m3. From this total, 43% is consumed by the company. The rest 
53% is returned to the catchment basements. Water footprint impacts are measured by the 
freshwater eutrophication (3.35 kg P-eq per tonne of palm olein); freshwater ecotoxicity (3.99 kg 
1,4-DB-eq) and water depletion (642 m3 per tonne palm olein) categories. In comparison to other 
countries the company uses a higher quantity of water per tonne of CPO as a consequence of 
irrigation.  
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These impacts can be reduced by mitigation actions focusing at the agricultural stage. Specifically, 
actions should focus on: a) Sustainable procurement of fertilizer and pesticides; b) reducing 
fertilizer and pesticide consumption; c) reducing fossil fuel consumption; d) tracing and reducing 
water consumption. 
  
Because the company protects 376 ha of mangrove forests, we estimated the environmental 
benefits of carbon sequestration as well as the economic value of the carbon pool in international 
markets. Carbon sequestration was estimated using the net primary productivity reported for 
mangrove forest (12 t C ha-1). Carbon sequestration can compensate the company´s carbon 
footprint at least 1,400 kg CO2-eq per tonne of palm olein. Using an average value of carbon 
credits (10 US$ /tonne C) according to carbon pricing initiatives (World Bank, 2018), we estimate 
that the mangrove area could potentially be worth 7.7 million US$ in the international carbon 
market. The money made by selling carbon credits could be used for environmental mitigation 
activities. Besides carbon sequestration, other ecosystem services that could be accounted, are 
water quality improvement, flooding risk reduction, health and food provisioning services to local 
communities. It is expected that the information in this report will be used by the company and 
other companies to increase the environmental sustainability of the palm oil industry in 
Guatemala.  
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3. Introduction 

A Green Economy requires measuring and managing environmental impacts throughout the life 
cycle of products. Following this framework, Life Cycle Thinking (LCT) provides a conceptual 
approach to reducing environmental impacts in a holistic manner. Such approaches integrate 
resource efficiency considerations into global value chains. This is particularly important given 
the complexities of increasingly globalized products’ value chains, which stretch beyond national 
boundaries and connect fragmented markets, different production systems, regulatory 
frameworks, and consumers. 
  
The Resource Efficiency through Application of Life cycle thinking (REAL) project is part of UN 
Environment’s work on Life Cycle Thinking. The overall goal of REAL is to integrate resource 
efficiency in global value chains by using life cycle information on environmental impacts, thus 
enabling private and public organizations to make informed choices leading to increasingly 
sustainable consumption and production (SCP). 
 
In July 2017, the REAL project sought proposals from Non-Government Organizations (NGOs), 
Not-for-Profit Organizations (NPOs), National Centers for Cleaner Production (NCPC) and similar 
organizations located in Latin America and the Caribbean region. Pilot projects were asked to 
demonstrate application of life cycle thinking and tools for government, industry or consumers 
to generate value. Examples of such tools and approaches include hotspot analysis, LCA, 
environmental footprint, Life Cycle Management Capability Maturity Model (LCM-CMM), or eco-
innovation strategy building.  
 
The pilot projects are expected to identify the change in practices by government, industry or 
consumer as a result of applying the LCA tools and approaches. Altogether, UN Environment 
received 17 proposals when submissions were closed on 25 August 2017. Following extensive 
review of all proposals by the project team, two proposals were selected for funding. One of the 
selected projects is Engaging the private sector on Life Cycle Thinking in Guatemala using a pilot 
case study on palm oil production by GUATEAMBIENTE. The projects have both been allocated 
$20,000 to spend in the coming eighteen months, with a series of deliverables matched to the 
proposed project activities. 
 
Guatemala is the largest exporter of palm oil in Central America region with $374 millions in 
20161 and the sixth largest producer in the world with 740 million tones produced annually. 
Greater concern is growing in the region about the damages produced by the palm oil industry. 
In Latin America, palm oil production has the potential to expand but it has to come in a way that 
combines conservation of natural resources with economic production. Implementing life cycle 
thinking approach and training key stakeholders from palm oil industry would serve to reduce 
the negative environmental impacts of palm oil production as well as a successful case to 
showcase the added value of LCT methodologies to other industries and sectors in Guatemala. 

                                                        
1https://www.centralamericadata.com/en/article/home/Central_America_Export_Figures_for_Palm_Oil 
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4. Project Goals 

Objectives to which UN Environment REAL Project contributes are: 
 

• Reduce the negative environmental impacts of palm oil production in Guatemala, 
developing a pilot case study based on life cycle assessment (LCA) for a palm oil 
producer (Las Palmas). 

• Raise awareness and showcase the added value of life cycle assessment (LCA) and 
water footprint methodologies to key business and industry associations in 
Guatemala. 

• Train national experts on LCA to constitute the first LCA working group in 
Guatemala 
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5.  Palm oil production in Guatemala 

Guatemala is a relatively new comer in the industry of palm oil. The first palm plantations started 
in the 80´s. The species commonly used is Elaies guinensis Jacq. originally from Africa, and thus it 
is known as African palm. Palm plantations occupy 165,000 hectares of land (CABI, 2017), which 
is 4% of the total agricultural land in Guatemala (Map 1). This figure is expected to rise due to the 
economic profitability which is encouraging investments in palm crops.  
 
Guatemala has the highest yield of crude palm oil production (CPO) per hectare in the world. The 
national average stands at 7 metric tones per hectare while the world average stands at 4 metric 
tones per hectare. In 2017, Guatemala exported more than 850,000 tones of palm oil (CABI, 2017) 
which profited $400 Million USD. The Guatemalan palm industry represents 1.2% of national 
GDP. The average price for a tonne of crude palm oil in 2013 was $845. One hectare of palm 
cultivation can generate $5,915 per year. The cost for production of one tonne of CPO is 
estimated between $200 and $300 USD (Escalón, 2014).  
 
In recent years, palm plantations in Guatemala have gained bad reputation due to environmental 
and social conflicts caused by large companies and corporations. Palm plantations are perceived 
as the most harmful agricultural crops to the environment, not to mention the social conflict 
associated with land expansion strategies. In Alta Verapaz, for example, a local Qechí 
organization has documented how palm companies have forced small farmers to sell their land.  
 
In 2015 REPSA, one of the biggest palm companies in Guatemala, was accused to discharge their 
palm oil mill effluents onto the Pasion river, causing one of the biggest ecological disasters in the 
country. Although there are problems, palm producers continue to seek improvements and have 
started to implement sustainability schemes. Guatemala´s palm growers association 
(GREPALMA) is the industry association that is promoting sustainability strategies. More recently, 
the Round Table for Sustainable Palm Oil (RSPO) certification has started to get attention in 
Guatemala since Walmart has demanded to its suppliers, including Guatemala, that trading 
products meet RSPO standards.  
 
These aspects, together with a slowly changing public opinion, are pushing palm production in 
Guatemala to become more sustainable. This sector is still at an early stage of development. It is 
expected that life cycle and water footprint assessment will become a standard tool for the 
benefit of the industry and for the environment and society.  
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Map 1 Oil palm cultivation in Guatemala. 2010 
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6. Las Palmas S.A. 

 
Figure 1 Las Palmas S.A. aerial view of palm cultivation, biodigester, and soap processing facility. La Gomera, Escuintla. Photo: Edgar E. 
Sacayón 

 
Las Palmas S.A. is one of the smallest companies in Guatemala producing palm oil. It is located in 
La Gomera, Escuintla, on the pacific coast of Guatemala. Map 2, shows the six palm plantations 
that are part of Las Palmas palm oil supply chain, occupying 3,000 ha of land. In addition, the 
company also protects 376 ha of a mangrove reserve. Table 1 shows the size of land area 
occupied by each plantation. 
 
The total agricultural production of the six plantations are processed in the company´s mill and 
refinery. All crude palm oil (CPO) is supplied to Suprema S.A, an oil refinery that belongs to the 
same corporation and is manufacturing soaps, detergents and vegetable oils. These are sold to 
local supermarkets. These products classified in the medium to high value range have managed 
to access a significant market share.  
 
 
 
 
 
 



 6 

 
 

Table 1 Las Palmas S. A. palm plantations, type and land area in ha and m2 

 
 
 

No Name Type of use ha m2

1 Finca Acacias Palm 1220.1 12,201,000
2 Finca Alfa Palm 428.42 4,284,200
3 Finca San Francisco Palm 293.97 2,939,700
4 Finca San Jorge Palm 537.19 5,371,900
5 Finca San Antonio Palm 892.53 8,925,300
6 Venecia Mangrove 376.43 3,764,300

Total Palm 3,372 33,722,100
Mangrove 376 3,764,300
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Map 2 Las Palmas oil palm plantations and mangrove reserve. 
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7. Kick-Off Meeting  

The first official meeting of the REAL project was held at Las Palmas headquarters in January 2018 
once the funding agreement between Guateambiente and UN Environment was approved. The 
purpose of this meeting was to explain to Las Palmas executive board the scope of UN 
Environment´s REAL Project. Here, team members were introduced, timeline (Appendix 1), and 
expected outcome were also discussed. In addition, a brief presentation in power point was used 
to explain the four phases of an LCA study as well as the concepts of goal and scope definition. 
The executive board agreed to provide data under a Non-Disclosure Agreement (NDA).  
 

8. Goal and Scope Definition 

The goal and scope definition of the pilot study were established between the company´s 
executive board, Guateambiente and UN Environment´s expert advice. Because Las Palmas, has 
several downstream products deriving from refined palm oil (RPO), it was agreed that the most 
valuable product of the company´s supply chain was palm olein. Palm olein, is the lightest fraction 
of refined palm oil and is used to manufacture vegetable oil. 
 
In the present LCA and water footprint pilot study, the first goal is to assess the environmental 
impacts in the company´s supply chain and operations. This information will be used internally; 
first, to increase the operations and supply chain´s environmental sustainability, and secondly, 
to report environmental performance metrics for international certification frameworks and 
other stakeholders.  
 
The second goal of the study will be to identify improvement opportunities for Las Palmas value 
chain. A third goal of the pilot study will be to raise awareness and showcase the added value of 
life cycle assessment (LCA) and water footprint methodologies to key business and industry 
associations in Guatemala. Therefore, the target audience of this pilot study are: the company´s 
executive board, agribusiness and agro industrial associations in Guatemala.  
 
The system and system boundaries were designed based on Las Palmas operations. Figure 2, 
shows the system, unit processes and system boundaries which were included in the pilot study. 
The functional unit was defined as 1 tonne of palm olein, leaving the factory gate. 
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Figure 2 Las Palmas operations in Guatemala for crude and refined palm oil products.  
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9. Inventory Analysis 

Excel template sheets where used to collect primary data directly from the company from 2016-
2017 production period. The ecoinvent 3.2 database structure was used to standardize 
elementary and reference flows as well as for the background system. That is, supply markets for 
fertilizers, pesticides, fuels and other materials. 
  
An attributional system of refined palm oil was modeled using openLCA software2. The model 
included the agricultural stages (pre-nursery, nursery and palm plantation), oil extraction and 
refining. These are represented in five main stages (also shown in Figure 2): 
 

1. Pre-Nursery 
2. Nursery 
3. Palm Plantation 
4. Palm Mill 
5. Oil Refining 

 
All emissions to water, air and soil were estimated. Water balance and water fertilizer and 
pesticide emissions are discussed in sections 9.1,  9.2. Fertilizer and pesticides emissions to land 
and air are discussed in sections 9.1 and 9.2. Land use and land use change emissions are 
discussed in section 9.4. Fuel combustion emissions were estimated based on IPCC greenhouse 
gas emission factors. Inventory results for the five main stages are presented in sections 9.8 to 
9.12.  
 

9.1 Water balances 

For the agricultural stages, the water balance structure from the ecoinvent Colombian datasets 
were used. In these datasets, the leaching fraction of water is 45%, evaporation losses 44% and 
surface runoff is 11%. Therefore, water inputs in each process were considered as emissions to 
ground water, emissions to air and emissions to surface water, respectively. For crude palm oil 
extraction and refining, the water balance was estimated using data provided by the company. 
Evaporation losses are estimated based on the fraction of water that is lost.  
 

9.2 Fertilizer and pesticide emissions to water 

Fertilizer and pesticide emissions to water were estimated using the leaching-runoff fraction for 
diffuse pollution sources (alpha); as explained in the Tier 1 Supporting Guidelines for Grey Water 
Footprint Accounting (Franke, Boyacioglu, & Hoekstra, 2013). Appendix II presents the data used 
to estimate the alpha water emission values for phosphate, nitrogen and pesticides.  
 
 

                                                        
2 www.openlca.org  
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Table 2 Estimated leaching-runoff fraction alpha values for La Gomera, Escuintla, Guatemala. 

Leaching runoff fraction Nitrogen Phosphorous Pesticides 
Parameter acronym N-alpha P-alpha Pest-alpha 

Value 0.143 0.136 0.128 
 
 

9.1 Pesticide emissions to air 

Pesticides emissions to air were considered in a Malaysian study (Choo et al., 2011). These were 
estimated with pesticide emission factors (EPA, 2009). Air emission of pesticides result due to the 
volatile nature of active ingredients and additives used in formulations (EPA, 2009). Therefore, 
the EPA (2009) method is based on the volatile and physical properties of the active ingredients, 
solvents used and application methods. Appendix 3 presents the parameters used to estimate 
pesticide air emission factors.  
 
 
 
 
 

 
Figure 3 Pesticide are kept under strict security measures at las Palmas palm plantations. These are accessed only by trained personnel. Photo: 
Edgar E. Sacayón 
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9.2 Fertilizer and pesticide emissions to soil 

Fertilizers emission to soil were estimated following guidelines from ecoinvent (Nemecek & 
Schnetzer, 2011). Nutrient inputs are assumed to be used by the plant, so there are no nitrogen 
and phosphate emissions to soil (Nemecek & Schnetzer, 2011). Pesticides emissions to soil were 
estimated subtracting the fraction of pesticide emissions to air and water from the original 
pesticide input value.  
 

9.3 Direct nitrous oxide air emissions from fertilizer application 

Nitrous oxide (N2O) air emissions are expected due to denitrification processes of nitrogen 
fertilizers by micro-organisms (Nemecek & Schnetzer, 2011). Recently, Albanito et al. (2017) 
reviewed N2O emission factors from the tropics and concluded that a value of 1.3% better 
represented direct N2O emissions from agricultural systems in Central and South America. 
Therefore, this value was used to estimate N2O air emissions in our inventories.  
 

9.4 Land Use and Land Use Change Emissions 

Emissions from direct land use change are expected when agricultural crops are established in 
tropical forests. Although palm plantations from Las Palmas were established in areas used for 
cotton (annual cropland); it was important to understand the effect of palm plantations causing 
emissions from land use change. Therefore, in the present study two scenarios were modelled, 
one for Las Palmas with no land use change (annual cropland to perennial cropland) and one with 
an average emission value from land use change.  
 
Emission values from land use change are reported in a recently published carbon footprint study 
of GREPALMA3 (USAID, 2018) and in the direct land use change assessment tool4. The GREPALMA 
study uses a conservative approach and has estimated an average emission value of 1.7 tones of 
CO2-eq ha-1 yr-1. The direct land use change assessment tool reports a worst-case scenario 
emission value of 2.77 tones of CO2-eq ha-1 yr-1. The effects of these emission values in 
comparison to Las Palmas will be discussed in Section 10.4.2 of impact assessment. 
 

9.5 IPCC Emission factors from fuel combustion 

Greenhouse gases from fuel combustion were estimated based on the amounts of diesel and 
petrol reported by the company and emission factors from IPCC (Gómez et al., 2006; Maurice et 
al., 2006).  
 
  

                                                        
3 Guatemala Palm Growers Association 
4 Direct Land Use Change Assessment Tool, Version 2013.1, Blonk Consultants, Gouda, 2013. 
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Figure 4 During the pre-nursery stage, seeds are cared in plastic containers during two months protected from direct sunlight. Water and 
small amounts of fertilizers and pesticides are applied. Photo: Edgar E. Sacayón 

 

9.6 Pre-nursery  

The pre-nursery stage takes two months. The total number of seedlings that can be produced in 
a year can reach 37,000; but only when plantation requires them. That means that sometimes 
the prenursery is not used. Seeds are transported from Costa Rica and Colombia by airplane. 
Irrigation is carried out with PVC tubes. Water inputs total 3,000 m3 which is applied using gravity 
irrigation methods (5.17 mm layer of water). Fertilization is done using 3 g of fertilizer (NPK 
Formula: 16-08-12) per seed for a total of 111.3 kg of fertilizer per year. Fertilizer is transported 
from Mayafert, located in the port of San José. Diesel consumption for fertilizer transportation 
was estimated at 37.85 liters. Plastic trays (24 units) are used for germination. Pesticides and 
fungicides are applied using in amounts shown in inventory. There is a 2% culling rate which yields 
36,305 seedlings delivered to the nursery. Estimated emissions from this stage and data per 
reference flow are described in inventory results. 
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Figure 5 Palm nursery in La Gomera, Escuintla. Photo: Edgar E. Sacayón 

 

9.7 Nursery  

During the nursery stage, seedlings from the pre-nursery are transplanted using polyethylene 
bags to an open area of 4 ha. They spend 10 months under direct sunlight without any shade 
protection and irrigated by aspersion using a 10 mm layer of water. Total water consumption is 
58,820 m3. Annually 13,069 kg of fertilizer is applied in quantities of 36 g per plant (NPK 10-15-5 
formula). The water pump for irrigation consumes local electricity with an average 7.55 kWh 
consumption rate 4 hours a day. Culling rate from the nursery to the agricultural plantation is 
10% of the original seedlings. 
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Figure 6 Las Palmas palm plantation. Photo: Edgar E. Sacayón 

 

9.8 Palm cultivation  

Fresh fruit bunches (FFB) are produced in several states (Table 1) occupying 3,000 ha of land5. 
Palm cultivation practices follow cultivation standards similar to those used in Colombia and 
Malaysia. Average density of 143 palms per ha. Manual labor is used to harvest palm fruit 
bunches and collected with buffalos and tractors. Water withdrawal reaches 9,210,237m3 at this 
stage due to irrigation practices. Water irrigation is important to keep current production yields 
and counterbalance climate variations during recent years. FFB production was 86,763 tones 
(yield of 29 tones per ha). Fertilizer and pesticide were estimated per tonne and per kg of FFB. 
The nomenclature of pesticides was adapted to fit into the ecoinvent datasets and therefore both 
generic and specific names are provided in the inventory. Life time of the palm plantation is 25 
years after which palms are cut down because plants are too tall for manual harvest.  
 
  

                                                        
5 Although the land area estimated using geographic information systems is 3,372 ha (Table 1) the productive palm 
plantation was confirmed by the company at 3,000 ha. 
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Figure 7 Guateambiente team at Las Palmas S.A. looking the delivery of palm fresh fruit bunches to the oil mill. La Gomera Escuintla. Photo: 
Edgar E. Sacayón 

 
Figure 8 Fresh fruit bunch sterilization cages. Las Palmas S. A. Photo: Edgar E. Sacayón 
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9.9 Crude Palm Oil Extraction 

The oil mill is located in La Gomera, Escuintla (Map 2). Fresh fruit bunches (FFB) are delivered to 
the oil extraction plant in trucks, transferred to hoppers and then to cages. A railing system moves 
the cages through sterilization chambers. High temperature and pressured steam (27,000 lb per 
hour) is used to loosen the fruits and deactivate enzymes causing the breakdown of palm oil into 
free fatty acids (Choo et al., 2011). A stripper separates the fruits from the stalk or empty fruit 
bunches (EFB).  
 
Palm fruits are transferred to a cyclone where the mesocarp is separated from the palm kernel. 
Fruits are mashed in a digester using mechanical stirring and water. Crude Palm Oil (CPO) is 
extracted from this oily mash with a mechanical press. The CPO is filtered using vibrating screens 
to remove solids and palm kernels which are then processed into palm kernel oil and palm kernel 
meal. CPO is clarified, decanted and centrifuged to remove all impurities. Moisture from the CPO 
is removed with a vacuum dryer and stored in tanks.  
 
Liquid waste from CPO extraction is termed palm oil mil effluent (POME) and contains water, oils 
and other suspended solids. POME is biologically treated in a 6,000 m2 biodigester. Methane is 
used as fuel for a gas engine generating high voltage electricity sold to the national grid. Solid 
wastes from CPO extractions are EFB, pressed palm fibers (PPF) and palm kernel shells. Empty 
fruit bunches are returned to the field and used as soil organic matter. PPF and palm kernel shells 
are used as fuel for steam generation. 
 

9.9.1 Co-product allocation from CPO extraction. 

Three co-products are obtained during CPO extraction. Electricity, palm kernel oil (PKO) and palm 
kernel meal (PKM). For electricity, system expansion was used to subtract the avoided impacts 
for the treatment of POME. This method is also known as the “avoided burdens” method in LCA 
(Curran, 2012) and is further explained in the next section (9.9.2). 
  
Palm kernel oil is used commercially to make liquid soaps and personal care products. Kernel 
meal is sold for the manufacture of animal feed. Allocation factors were determined using market 
prices for CPO, PKO and PKM (Oil World, 2018). Table 3 shows the economic allocation factors.  
 
 

Table 3 CPO, PKO and PKM market prices and economic allocation factors. Source: Oil World, 2018 

 
 

Price of products USD/Tonne USD/kg Production Price
Economic Allocation 

Factors
CPO 534.00$         0.53$             0.5276$            99.2%
Palm Kernel Oil 785.00$         0.79$             0.0029$            0.5%
Palm Kernel Meal 176.00$         0.18$             0.0014$            0.3%
Total 0.53$                100.0%



 18 

9.9.2 Electricity generated from Palm Oil Mill Effluent (POME) 

To subtract the avoided impacts for the portion of electricity generated for the treatment of 
POME, system expansion was used. System expansion is preferred over the cut-off method and 
physical or economic allocation procedures (Curran, 2012). Therefore, the LCA model included 
the treatment of POME in a 6,000 m2 biodigester and the burning of methane in a 1 MW gas 
engine. 
 
In 2016, 3.69 GWh of electricity were sold by the company. This figure is reported by the national 
electricity authority (AMM, 2016). Based on this figure, it was determined that for each kg of CPO 
produced, 0.198 kWh electricity were generated in 2016. To model the process of electricity 
generation, the ecoinvent dataset for a 160 kW co-generation gas engine was used. The efficiency 
is reported at 0.37 for electricity and 0.53 for heat. The heating value of biogas in the dataset is 
22.73 MJ/Nm3. The amount of biogas needed to produce 1 kWh of electricity was estimated at 
0.428 m3. Table 4 shows the ecoinvent process with inputs and emissions for electricity 
generation in a co-generating gas engine.  
 
 

Table 4 Ecoinvent dataset for a 160 kWh co-generation unit  

 
 
 
The process for biodigestion was modeled with the actual quantities of biogas generation. Table 
5, shows the process data for biodigestion and the content of methane, carbon dioxide and 
hydrogen sulfide per m3 of POME.  
 

Table 5 Treatment of POME and methane content consequence of biodigestion. Source: Las Palmas S.A. 

 

Inputs Amount Unit
heat and power co-generation unit, 160kW electrical, common components for heat+electricity 3.91E-08 Item(s)
heat and power co-generation unit, 160kW electrical, components for electricity only 3.91E-08 Item(s)
heat and power co-generation unit, 160kW electrical, components for heat only 3.91E-08 Item(s)
lubricating oil 0.00023 kg
methane, 96% by volume 0.428 m3
waste mineral oil -0.00023 kg

Outputs Amount Unit
electricity, high voltage 1 kWh
Carbon dioxide, biogenic 0.65358 kg
Carbon monoxide, biogenic 0.00038 kg
Dinitrogen monoxide 1.96E-05 kg
Methane, biogenic 0.00018 kg
Nitrogen oxides 0.00012 kg
NMVOC, non-methane volatile organic compounds, unspecified origin 1.57E-05 kg
Platinum 5.48E-11 kg
Sulfur dioxide 0.0002 kg

Quantity kg/m3 POME
POME 141,488 m3

Biogas (65% CH4 y 35% CO2) 2,408,769 m3

Biogas per m3 of POME 17 m3/m3

CH4 (Density 0.656 kg/m3) 11 m3/m3 7.3

CO2 (Density 1.977 kg/m3) 6 m3/m3 11.8

H2S (less than 0.2%, density 1.36 kg/m3) 0.034 m3/m3 0.05
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Figure 9 Suprema palm oil refinery, Escuintla. Photo: Edgar E. Sacayón 

 
Figure 10 Edgar E. Sacayón (right) and Manfredo Lopéz from Las Palmas S.A. in oil refinery Suprema, September 2018. Photo: Edgar E. 
Sacayón 
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9.10 Palm oil refining 

Crude palm oil is transported to the oil refinery Suprema, located in the center of Escuintla 
department just 60 km away from the oil extraction facilities in La Gomera. Suprema refines CPO, 
vegetable oils and animal fats, however the life cycle inventory refers only to the portion of CPO 
processed through physical means to obtain liquid olein and solid stearin. 
 
Palm oil is stored in tanks and then supplied to the refining plant depending on production 
demands. The first step in the refining stage is degumming for which citric acid is used. This 
causes the removal of free fatty acids, phosphatides, waxes, metal traces and odoriferous 
materials (Lee & Ofori-Boateng, 2016). 
 
After degumming CPO is bleached with bentonites (also known as bleaching earths). Bleaching 
earths are imported from the United States. Bleaching occurs under vacuum pressure to remove 
coloring pigments and metal ions. Afterwards the bleached oil is deodorized at temperatures 
ranging from 240 to 260 oC using high pressure steam. The product from this process is refined, 
bleached and deodorized oil (RBD oil). Olein and stearin are obtained from RBD oil through a 
crystallization process at controlled temperatures. Stearin, the solid portion of RBD oil, is 
separated from liquid olein using a filter press at cold temperature.  
 

9.10.1 Co-Products from palm oil refining 

Three co-products are obtained from the refining process: fatty acids, olein and stearin. Fatty 
acids have no commercial value and therefore are used to increase the calorific value of 
biomass fueling steam boilers. Olein and stearin are sold in the local market. The economic 
value of olein and stearin were determined based on market prices (Oil World, 2018) and 
where used to estimate allocation factors. Table 6 shows the economic allocation factors used 
in the study. 
 
 

Table 6 Economic allocation factors for palm olein and stearin. Source: Oil World, 2018. 
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10. Life Cycle Impact Assessment 

10.1 The ReCipe (H) impact assessment method  

Impact assessment was done using the ReCiPe Midpoint method with a hierarchist perspective. 
This perspective uses a 100 year time horizon for the residence time of substances in the 
atmosphere in accordance with IPCC climate change models. Environmental burdens where 
allocated to the different co-products using economic allocation factors based on market prices 
(Oil World, 2018) as explained in the inventory analysis section 9.10.1. 
 

10.2 Life Cycle Environmental Impacts  

Results from the life cycle impact assessment are presented in Table 7. The results analyzed as 
percentage contribution are presented in Figure 11. These results show that most of the life cycle 
environmental impacts from the production system of palm olein are dominated by the 
agricultural stage. This stage contributes between 60% and 100% to all impact categories. The 
pre-nursery and nursery stages are irrelevant, which is in line with other studies.  
 
 

Table 7 Life cycle impact assessment results for the production of 1 tonne palm olein at Suprema 

 
 
 

No Name of Impact Category Impact result Unit

1 Agricultural land occupation 2038 m2*a

2 Climate Change 595 kg CO2 eq

3 Fossil depletion 158 kg oil eq

4 Freshwater ecotoxicity 3.99 kg 1,4-DB eq

5 Freshwater eutrophication 3.35 kg P eq

6 Human toxicity 153 kg 1,4-DB eq

7 Ionising radiation 31 kg U235 eq

8 Marine ecotoxicity 3.53 kg 1,4-DB eq

9 Marine eutrophication 3.79 kg N eq

10 Metal depletion 32 kg Fe eq

11 Ozone depletion 7.26E-05 kg CFC-11 eq

12 Particulate matter formation 1.13 kg PM10 eq

13 Photochemical oxidant formation 1.82 kg NMVOC

14 Terrestrial acidification 3.34 kg SO2 eq

15 Terrestrial ecotoxicity 0.82 kg 1,4-DB eq

16 Water depletion 642 m3
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Figure 11 Life cycle impact assessment results for the production of 1 tonne of palm olein with environmental compartments.  
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Figure 12 Hot-spot analysis for the production of 1 tonne of palm olein at Las Palmas S.A. 
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10.3 Hot-spot analysis 

The hot-spot analysis shown in Figure 12 shows that the impacts coming from the agricultural 
stage are primarily from the production of fertilizers and pesticides. These impacts occur 
upstream in the value chain during manufacturing processes. In second place, impacts are 
associated with agricultural activities, which include emissions from fertilizer and pesticide 
application. Direct emissions from fertilizer and pesticide contribute in high percentage to the 
freshwater eutrophication, marine eutrophication and terrestrial ecotoxicity impact categories.  
 
In third place, fuel production contributes to ozone depletion, ionizing radiation and fossil 
depletion. These impacts occur as well upstream the supply chain. Electricity consumption 
contributes to terrestrial acidification because Guatemala has more than 25% of fossil fuel in its 
mix, producing emission of acidifying agents.  
 
The treatment of POME has benefits in the following categories: climate change (-20%); 
particulate matter formation (-2%); photochemical oxidant formation (-3%) and terrestrial 
acidification (-2%). This is evidence of the positive benefits of treating POME for electricity 
generation.  
 

10.4 Carbon footprint  

10.4.1 Production of 1 tonne of palm olein 

The production of 1 tonne of palm olein produces 595 kg of CO2-eq. Looking at the percentage 
contribution of the processes involved in Figure 13, it is evident that the highest contribution 
comes from the manufacture of fertilizer and pesticides, followed by the emissions of GHG from 
agricultural activities which are mainly FFB transport and irrigation. The consumption of 
electricity contributes to 16% of the total. The treatment of POME to produce electricity from 
biogas reduces the carbon footprint in 116 kg CO2-eq which represents 20% of the total carbon 
footprint.  
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Figure 13 Carbon footprint from the supply chain of 1 tonne of palm olein using economic allocation factors.  

 
In our study, the ecoinvent datasets for fertilizer and pesticide supply were used. These datasets 
include emissions from average fertilizer and pesticides production and transportation in the 
global market. Therefore, it is recommended that the company starts to track the carbon 
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10.4.2 Average carbon footprint from crude palm oil in Guatemala 

There are two concerning issues regarding greenhouse gas emissions that have not been properly 
addressed in palm oil production in Guatemala. The first one is methane emissions from POME. 
The second one is emissions from direct land use change. Specifically, from tropical forest 
deforestation. This last issue is important because the expansion of palm crops is expected to 
exert pressure on forested land, with Guatemala having one of the highest deforestation rates in 
the world. 
 
Recently, GREPALMA published the first Guatemala palm industry carbon footprint report 
(USAID, 2018). They used a sample of 19 farms producing FFB and six refinery producing CPO. 
The USAID (2018) study reports a carbon footprint of 147 kg CO2-eq per tonne of CPO. However, 
this value is based on:   
 

a) Smaller system boundaries: Their system boundary is much smaller (CPO extraction) and 
only focus at direct operations (does not account for a life cycle perspective). In Las 
Palmas case, we account for upstream activities, such as fertilizer, pesticide and fuel 
production. Furthermore, our system includes palm oil refining. 
 

b) Accounting less greenhouse gases: Carbon dioxide (CO2), methane (CH4) and nitrous 
oxide (N2O) are considered using IPCC emission factors. Our pilot study includes a wider 
range of GHG like NMVOCs, SOx, NOx and other compounds contributing to climate 
change.  
 

c) Exclusion of POME: Palm oil mill effluent is not accounted in their study. POME produces 
emissions of methane, carbon dioxide and hydrogen sulfide; greenhouse gases that 
contribute to climate change. Several studies (Castanheira, Acevedo, & Freire, 2014; Choo 
et al., 2011; Raynaud et al., 2016; Schmidt, 2007) provide data to estimate the amount of 
POME and biogas per unit of FFB or per unit of CPO. These values are presented in Table 
8. Our average estimate includes actual data on methane emissions. 
 

d) Exclusion of direct LUC emission: these emissions are not added to the carbon footprint, 
instead these are presented as an emission factor of 1.7 tonne CO2 eq per ha*yr.  

 
 
Table 8 Literature values of biogas, methane, carbon dioxide and hydrogen sulfide from POME. Source: (Castanheira et al., 2014; Choo et al., 

2011; Raynaud et al., 2016; Schmidt, 2007) 

 

Source
Castanehira, et al. 2014 4.20 kg/kg CPO 22.00 m3/t POME 9.60 kg/ t POME -

Choo, et al. 2011 1.86 t/t CPO 28.00 m3/t POME 11.9 kg/ t POME 19.4 kg/t POME

Raynaud, et al. 2016 2.30 m3/ t CPO 19.60 m3/t FFB 8.92 kg/ t FFB 13.5142 kg/ t FFB

Schmidt, J.  2007 - 28.00 m3/t POME 13.00 kg/ t POME -

CH4 CO2POME Biogas



 27 

In order to understand impacts associated with POME and direct LUC, an average case scenario 
was built using the information from the USAID (2018) study. POME methane emissions were 
estimated using the reported biogas volumes as explained in Section 9.9.2. Emissions from LUC 
were determined using the USAID (2018) emission factor of 1.7 t CO2eq per ha. 
  
Figure 14 shows that methane emissions from POME are the most important source of 
greenhouse gases in the palm oil production system. Considering POME emissions in the 
Guatemala average would increase the carbon footprint more than 1,500 kg CO2-eq per tonne of 
CPO.  
 
The results for POME emissions are higher than those reported by Choo et al. (2011) (465 kg CO2-
eq per tonne of CPO) and Castanehiera et al. (2014) (700 kg CO2-eq per tonne of CPO) but in line 
with those from RSPO (range from 625 to 1,467 kg CO2-eq per tonne of CPO (Brinkmann 
Consultancy, 2009). 
 
In addition, considering direct LUC emissions (1.7 t CO2-eq per ha ) would increase 277 kg CO2-eq 
per tonne of CPO. This, is a very conservative value in contrast with the average case scenario of 
2.7 t CO2-eq per ha reported by Blonk Consultants (2014).  
 

 
Figure 14 Average greenhouse gas emissions from the production of 1 tonne CPO in Guatemala (GT Average) compared with Las Palmas. LUC 
= land use change. POME = palm oil mill effluent. CPO= Crude Palm Oil. 
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10.4.3 Comparison with palm oil from Indonesia, Malaysia and Colombia.  

In order to benchmark the environmental performance of Las Palmas against other palm oil 
supply chains a comparison was made. We used the Ecoinvent 3.2 datasets to produce 1 tonne 
of CPO, from the countries of Indonesia, Malaysia and Colombia. 
  
Indonesia and Malaysia are the largest producers supplying 49% and 35% of total production in 
the world (Raynaud et al., 2016). Figure 15 shows the comparison results. Indonesia and Malaysia 
have the highest carbon footprints (above 3,000 kg CO2-eq per tonne of CPO) because their palm 
plantations have direct LUC emissions from high carbon stock forests and peatlands (Brinkmann 
Consultancy, 2009). Colombia on the other hand has lower carbon footprint values because most 
of its palm plantations have no direct LUC emissions.  
 
Studies that compare direct LUC emissions scenarios have conclude that converting tropical 
forests to palm plantations produces the highest amount of greenhouse gas emissions 
(Brinkmann Consultancy, 2009; Castanheira et al., 2014; Stichnothe & Schuchardt, 2011). 
 
 
 
 

 
Figure 15 Carbon footprint comparison of 1 tonne CPO with other countries in the rest of the world using Ecoinvent 3.2 datasets including 
direct LUC emissions.  
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10.5 Water footprint 

The other two concerning issues in the palm industry in Guatemala that has not been properly 
addressed are water use and water pollution. According to ISO 14046, a water footprint can be 
carried out independently or as part of a complete LCA study. Therefore, we present a water 
footprint in three sections. The first section presents the inventory results related to water flows. 
The second section presents the impacts related to water resource quality and quantity. The 
quality indicators are expressed by the impact categories freshwater ecotoxicity and freshwater 
eutrophication while the quantity indicators are expressed by the water depletion impact 
category. The third section presents a water footprint comparison with other countries. 
 

10.5.1 Water footprint inventory results 

The results of the water inventory are presented in Table 9. Turbinated water refers to water 
used directly and indirectly in other parts of the world to produce electricity in hydropower dams. 
Although this flow is tracked in the inventory we excluded it from the analysis because it is not 
representative for the current system. Table 10 shows the results of the water inventory results 
subtracting the value of turbinated water (1,372 m3) for water use, evaporative losses, water 
degradation and water consumption.  
  
Water use refers to all the water that enters the product system form the environment. Because 
water is obtained from underground wells, the elementary flow: water, well, in ground was; used 
to represent water use. Water evaporation refers to all the water that is lost to the environment 
due to evapotranspiration in the field or evaporative losses in extraction and refining processes. 
These quantities are represented by all the output water flows emitted to air.  
 
Water degradation is the amount of water that leaves the system as wastewater, (i.e. with a 
lower quality). Water consumption is all the water that does not return to the same basin due to 
evaporation or product incorporation (Pfister, Vionnet, Levova, & Humbert, 2015) 
 
During the construction of the life cycle inventories; we assumed that the leaching fraction of 
irrigation was 45%, evaporation losses 44% and surface runoff is 11%. This follows the same 
structure as the ecoinvent Colombian dataset. Therefore, the inventory results reflect this 
assumption as 43% are losses from evapotranspiration.  
 
The amount of water being used per tonne of palm olein is 643 m3. From the total, 98% of water 
is used during the agricultural stage. The amount of water being used reflects irrigation methods 
used by the company. This is not a standard practice in palm plantations, but it allows the 
company to keep its high FFB yields (29 t per ha). As a matter of fact, Guatemala FFB yield average 
is 28 t per ha (USAID, 2018) which is much higher than Colombia 19.5 t per ha (Castanheira et al., 
2014) and yields in Malaysia 20 t per ha (Choo et al., 2011; Stichnothe & Schuchardt, 2011). 
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Table 9 Life cycle inventory results for the production of 1 tonne of palm olein in Las Palmas S.A. 

 

 
 

Table 10 Water use, evaporative loses, water degradation and water consumption from the supply of 1 tonne of palm olein.  

 
 

10.5.2 Water footprint quality and quantity Indicators 

The water footprint quality and quantity indicators are presented in Figure 16. These indicators 
were obtained by modifying ReCiPe impact assessment method, setting characterization factors 
from turbinated water flows to cero. Water depletion is expressed by water as a natural resource 
being used by the product system.  
 
The water depletion category shows that 98% of water depletion impacts occur during the 
agricultural stage. Water used for irrigation is extracted from underground wells. In Guatemala, 
it is very common to use underground wells and use them continuously as they recharge over 
the winter period. Water is also used during CPO extraction and oil refining. CPO extraction uses 
water for process steam and washing crude palm oil. Refining uses water mainly for steam and 
heat during crystallization. In comparison with the agricultural stage CPO extraction and refining 
are insignificant in terms of water depletion. 
 
 

Inputs Category Sub-category Amount Unit
Water, cooling, unspecified natural origin Resource in water 16.02 m3
Water, ground 4.612 m3
Water, lake Resource in water 0.014 m3
Water, river Resource in water 1.100 m3
Water, salt, ocean Resource in water 0.037 m3
Water, salt, sole Resource in water 0.067 m3
Water, turbine use, unspecified natural origin Resource in water 631 m3
Water, unspecified natural origin Resource in water 0.786 m3
Water, well, in ground Resource in water 619.9 m3
Total 1,273 m3
Outputs Category Sub-category Amount Unit
Water Emission to water unspecified 643 m3
Water Emission to water ground water 281 m3
Water Emission to water ocean 0 m3
Water Emission to water surface water 68 m3
Water Emission to air unspecified 275 m3
Water Emission to air lower stratosphere + upper troposphere 0 m3
Water Emission to air low population density 0 m3
Water Emission to air high population density 0 m3
Total 1,268 m3

m3 l %
Water Use 642.6 642,556          100%
Water Evaporation 275.6 275,595          43%
Water degradation 361.4 361,384          56%
Water Consumption 275.6 275,595          43%
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Figure 16 Water footprint quality and quantity impact indicators for 1 tonne of palm olein at Las Palmas S.A. 

Impacts from freshwater ecotoxicity are caused mainly from the manufacturing of fertilizers 
occurring upstream in the supply chain and on second hand from the application of pesticides; 
these occur directly during agricultural activities. Impacts from freshwater eutrophication are 
caused by the emission of phosphorous to ground water from the application of fertilizers. 
 

10.5.3 Water footprint comparison with other countries 

Compared to Colombia Malaysia and Indonesia, water depletion in Las Palmas is higher. We 
assume that irrigation is not documented in those countries. It is important to highlight that 
Guatemala does not have water scarcity issues in the basin were cultivation occurs. However, 
the company has stated that a decrease in the amount of rainfall does have a direct effect on FFB 
yield. Climate variations have been recorded by the company leading to irrigation as a strategy 
to compensate weather variations.  
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Figure 17 Water depletion category comparison with other countries (ReCiPe Impact Assessment method modified to exclude all turbinated 
water flows) 

 

10.6 Mangrove forest valuation  

As mentioned previously in section 6, the company protects 376 ha of mangrove ecosystem 
located on the pacific coast just a few kilometers away from the extraction plant (Map 2). 
Accounting biodiversity and ecosystem services into life cycle assessment has been suggested to 
increase the value of information made available to decision makers (Bruel, Troussier, Guillaume, 
& Sirina, 2016; Raynaud et al., 2016). In addition, natural capital accounting could help to increase 
protection of endangered ecosystems in Guatemala, where the value of nature is not well 
perceived.  
 
Therefore, in the present pilot study we estimated the environmental benefits of carbon 
sequestration and the economic value of the carbon pool in the mangrove ecosystem that is 
protected by Las Palmas. S.A. We followed the framework proposed by Bruel et al. (2016), linking 
the life cycle inventory to bio-economic models of ecosystem services. For example, they 
modelled: a) nutrient enrichment pathway for nitrogen into the ecosystems functions affected 
by pollution, b) the ecosystem service of surface freshwater provision and c) the benefit of 
drinking water.   
 
In our case, the ecosystem function is maintenance of the carbon cycle, the ecosystem service is 
carbon sequestration and the benefit is climate change mitigation. There are other ecosystem 
services that could be accounted for like, flooding risk reduction, food, natural dyes, raw 
materials etc.; but for the purpose of this pilot study only the potential for climate change 
mitigation will be accounted as CO2-eq sequestered from the atmosphere.  
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Carbon sequestration from coastal ecosystems has been argued to be higher than for terrestrial 
ecosystems (McLeod et al., 2011). CO2-eq sequestration has been measured in mangrove 
ecosystems by growth curve analysis and gas exchange methods (Okimoto et al., 2008). The net 
primary productivity of Rhizophora apiculata was estimated at 12 t C ha-1 using the gas exchange 
method in the above ground biomasss portion of a 20 year old stand (Ong, Khoon, & Clough, 
1995). This figure does not consider the underground component and soil organic matter which 
has been argued to sequester higher amounts of carbon (Alongi, 2012). 
 
This value was used in a process in the LCA model representing the mangrove area assigned to 
the cultivation stage. The logic behind this assumption is that, if emissions associated with LUC 
should be accounted for palm cultivation then net primary productivity from conservation areas 
should also be accounted for the same amount of area required to produce 1 tonne of FFB. The 
value of land use (0.035 ha per tonne of FFB) was used to model the portion of net primary 
productivity from the mangrove reserve in the production system. The results (Figure 18) show 
that carbon sequestration in the mangrove reserve could reduce the company´s carbon footprint 
by 1,400 kg of CO2-eq.  
 

 
Figure 18 Carbon sequestration potential of a 376 ha mangrove reserve protected by Las Palmas using net primary productivity.   

 
In a recent study the carbon pool of the Sipacate-Naranjo ecosystem was estimated, precisely 
where the company protects the 376 ha mangrove reserve (Hernández, 2017). In his study, 
Hernández (2017) measured the total carbon pool in the mangrove ecosystem at 488.1 ± 71.9 
tones C per ha. From the total, 422.1 ± 68.5 tones C per ha were found stored underground (86%) 
and the rest 66.08 ± 3.39 tonne C per ha, are stored in above ground biomass (13%). Using these 
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values, the total carbon pool in the mangrove reserve is equal to 183,526 ± 27,034 tones of 
carbon (Table 11).  
 
Looking at the price of carbon credits (World Bank and Ecofys, 2018), the value of the mangrove 
reserve in the carbon market can be estimated. The amount of carbon tax and trading schemes 
has increased in the recent years, reaching 51 carbon pricing initiatives that are being 
implemented all over the world (World Bank and Ecofys, 2018). The prices reported in the carbon 
market range from less than US$ 1/tCO2-eq to US$ 139/tCO2-eq (World Bank and Ecofys, 2018). 
Using a conservative value6 of US$ 10/tCO2-eq; the mangrove area could be valued from 5.7 to 
7.7 million US$ (Table 11).  
 

Table 11 Mangrove area monetary valuation in carbon markets. Source: Hernández (2017) and World Bank (2017) 

 
 
 
 
 
  

                                                        
6 Approx. 50% of initiatives report a price range between US$ 1 and US$ 21/ tCO2-eq (World Bank, 2017) 
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11. Conclusions 

The results of the impact assessment using the ReCiPe method, show that the agricultural stage 
dominates life cycle environmental impacts. The hotspot analysis identified that the processes 
with the highest contribution to environmental impacts occur upstream the supply chain. These 
are in order of importance, fertilizer and pesticide manufacture; emissions from agricultural 
activities and fuel production.  
 
The nursery activities are not relevant which is in line with other studies. Crude palm oil 
extraction contributes from 5 to 15% to some of the environmental impact categories while the 
refining stage does not contribute more than 5%. This means that in order to reduce life cycle 
environmental impacts efforts should focus on the agricultural stage and specifically in reducing 
the amount of fertilizer and pesticides used. 
 
The carbon footprint results for the production of 1 tonne palm olein, was estimated at 595 kg 
of CO2-eq. More than 50% of the carbon footprint comes from the manufacture of fertilizer and 
pesticides. The treatment of POME, included in the model using system expansion (avoided 
burdens method) reduces the carbon footprint 20%. In systems that do not treat POME, these 
emissions could add more than 1,500 kg of CO2-eq per tonne of crude palm oil (CPO). Direct LUC 
emissions for palm cultivated in tropical forests coul increase the carbon footprint more than 270 
kg of CO2-eq per tonne of CPO. 
  
The water footprint inventory results for the production of 1 tonne of palm olein show that the 
total amount of water used is 642.6 m3. From this total, 43% is consumed by the company. The 
rest 53% is returned to the catchment basements at a different quality. Water impacts are 
measured by the freshwater eutrophication (3.35 kg P-eq per tonne of palm olein); freshwater 
ecotoxicity (3.99 kg 1,4-DB-eq) and water depletion (642 m3 per tonne palm olein) impact 
categories. In comparison to other countries Las Palmas uses a higher quantity of water per tonne 
of CPO due to irrigation practices. This could pose potential risks for the environmental 
sustainability of the company if it is not properly addressed.  
 
Because the company protects 376 ha of mangrove forest, we estimated the environmental 
benefits of carbon sequestration as well as the economic value of the carbon pool in international 
carbon markets. Benefits from carbon sequestration in the mangrove reserce could reduce the 
company´s carbon footprint by at least -1,400 kg CO2eq per tonne of palm olein. This is a 
conservative estimation because it does not account for underground biomass and soil organic 
carbon. 
 
Using an average value for carbon credits (10 US$ /tonne C) we estimated that the mangrove 
reserve could potentially sell 7.7 million US$ in international carbon markets. The money made 
by selling carbon credits could be used for other environmental mitigation activities.  
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Besides carbon sequestration, other ecosystem services that could be accounted are water 
quality improvement. It is expected that the information provided from this assessment will 
increase the understanding of palm oil system and show some potential paths in resource 
efficiency.  
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12. Recomendations 

To reduce the environmental footprint of the company mitigation actions should target the 
agricultural stage. Specifically, actions should focus on: a) Sustainable procurement of fertilizer 
and pesticides; b) reducing fertilizer and pesticide consumption; c) reducing fossil fuel 
consumption; d) tracing and reducing water consumption. Each of these actions are described in 
detailed.  
 
Sustainable procurement of fertilizer and pesticides 
Fertilizer and pesticide should be procured taking in consideration type III environmental labels 
also known as environmental product declarations. These labels offer the advantage of 
communicating life cycle impacts from the product and therefore increasing the traceability of 
the supply chain upstream. Selecting agrochemical suppliers with lower footprints will reduce 
the company´s upstream burdens. An additional alternative would be to switch to organic 
fertilizers but this would only be sustainable if there is economic feasibility and fertilizers provide 
adequate nutrition. 
 
Reducing fertilizer and pesticide consumption 
There are several strategies to reduce fertilizer and pesticide consumption that the company 
should consider. Currently EFB are applied as mulch in the plantation for nutrient recycling. 
Although mulching is considered as a good agricultural practice, composting EFB with POME 
could provide a larger economic and environmental benefits. Open and closed composting 
systems have been developed in Asia (Teo, R, Ong, & A, 2010). These systems offer the capability 
of processing biomass and POME. Closed composting systems have shown to have increased 
nutrient content if used in combination with inorganic fertilizer fortification (Teo et al., 2010). A 
closed composting system could be a feasible alternative for the company considering that the 
biodigestor is operating at its limit. Application of compost can also reduce the amount of water 
needed because compost retains nutrient and moisture.  
 
Another strategy to reduce fertilizer and pesticide consumption is with precision agriculture to 
respond to site-specific nutritional requirements. Best management practices include 4Rs; right 
source, right rate, right time and right place. Finally, the company should explore biochar as an 
alternative route to reduce fertilizer use. Biochar has been proven to increase soil fertility in 
addition to other benefits like carbon sequestration and increased crop production. 
  
Reducing fossil fuel consumption 
We propose two alternatives to reduce fossil fuel consumption within the company´s operation 
activities. One is directly related to water pumping and irrigation. Solar panels can be used to run 
the water pumps and supply the energy needed for irrigation instead of using diesel as is 
currently done. The other action is to use biodiesel blends in agricultural machinery and transport 
vehicles. The company should start testing their machinery and vehicle fleet for B5 and gradually 
upgrade to B10 or B15 blends.  
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Tracing and reducing water consumption 
Currently, Las Palmas uses a sprinkler irrigation system. The amount of water could potentially 
be reduced by 50% using a drip irrigation system. Because irrigation is more frequent the 
moisture level is more favorable for the plant and reduces the amount of fertilizer lost. It also 
uses less energy. The use of water meters could help to trace the amount of water at different 
points of the plantation allowing better control of the irrigation system.  
  
As a final recommendation, we suggest to improve management of the mangrove reserve with 
more community engagement. During the execution of the REAL project Guateambiente started 
an environmental education program funded by Las Palmas. We reached 20 people from 6 
communities. During several meetings and a complete two day workshop, members of these 
communities were trained in the installation and operation of a domestic biodigester as an 
alternative energy source for a school. Cooking with biogas is expected to reduce wood 
consumption, which is very common in the area. Education activities like this one, have a positive 
influence in communities to work with the company in the conservation of the mangrove reserve. 
Although we could estimate the value of the carbon pool in the mangrove reserve we 
recommend the company measures the economic value of other ecosystem services. In this way, 
they would be able to have a better understanding of the benefits of protecting the area.  
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14. APPENDIX 1 TIME LINE 

 

 
  

PROJECT TITLE

PROJECT MANAGER Edgar E. Sacayón
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Objectives Activities 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Minutes and Updated Plan
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Preliminary Report

Strategic Assessment Report

30 Participants Trained

Updated LCI

Updated LCIA

Action Plan Uno de los mas importantes (Mucho Peso)

Minutes of meetings

100 people trained

Mminutes and Directive Board

Report with dissemination actions 
6 Publication and 

dissemination of the work

6.1 Publication and dissemination of 
final result 

6.2 Final Project Evaluation

3

2

1st Technical Workshop 
(Industry Association)

LCA and Waterfootprint Pilot 
Study

3.1 Life cycle thinking 2 day 
training

2.5 Integration with RSPO

2.4 Interpretation

Programme �

JAN

 UNEP REAL Pilot

1.1 Inception Meeting

Q1

Las Palmas and Guateambiente

3/12/18

COMPANIES

DATE

Resource efficiency through the application of life cycle 
thinking

Engaging the private sector on Life Cycle Thinking in 
Guatemala using a pilot case study on palm oil production

1 Kickoff Meeting

2.3 Impact Assessment

2.1 Goal and scope definition

2.2. Inventory analysis

4

5

Pilot study finalization and 
strategic support

LCA Open Event
5.1 Organization of the first LCA 
open event in Guatemala 

Q4

FEB MAR

Q3

MAYAPR JULJUN

Q2

AUG OCTSEP DECNOV

Project Report 

LCI Report

LCIA Report

4.1 Final LCA and Water Footprint 
studies and strategic support for 
the implementation of 
recommendations. Full LCA Study

5.2 Establishment of ISO 14044 
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15. APPENDIX 2 Estimation of leaching-runoff fraction from diffuse pollution sources.  
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16. APPENDIX 3 PESTICIDE AIR EMISSIONS FACTORS 

 

 
 
 


