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Abstract 

For the last years, several practical studies done in Romania presented Camelina sativa as a very 
promising source for oil for biofuels, with low input in agricultural stage, according with soil 
requirements which is particular for each location. 

Life Cycle Assessment for agricultural stage is mandatory and requires several studies for all 
regions of Romania, each one with different agricultural management applied. 

In order to increase the efficiency of Camelina sativa and to be aligned when we comparing it with 
Rapeseed meal and other oil crops, we need to take into consideration all the possibilities of using 
Camelina meal as a protein source for commercial livestock, targeted for most important animal 
protein sources in Romania: poultry, swine and big and small ruminants. 

In ruminants, there is a big potential for Camelina meal to replace up to 15% of the protein used 
in dairy cows ratio,  which will provide a better utilisation of biofuels technology by-products. 

From financial and more important, from environmental point of view, this could means  
environmental protection due to reduction of Greenhouse gases resulted from biofuels whole chain 
production. 

Camelina ability to grow in polluted soils is also investigated, several strategic locations started 
already to test and first data will be available during this year. 

 
Keywords: life cycle assessment, Camelina sativa cultivation, by-products, feed 

protein source, ruminants, Omega 3 
 

Introduction 
As described in previous study, energy requirements for transportation is increasing 

worldwide, from underground to airspace transport. When that end comes first, we need to be 
sure that we considered best technology for a sustainable development.  

 Developing new renewable energy sources with by-products that will release less Green 
House Gas emissions (GHG), with no impact in land use change, is the main purpose all 
around the world and it makes more difficult when economical purposes must be also 
satisfied. Regional solutions must be adapted to local needs among the high energy 
consuming countries. 

In Europe, rapeseed is principally used and more or less the sunflower oil, palm and 
coconut oils predominate in the tropics, and the most common sources used in the United States 
are soybean oil and animal fats. Last studies shows that all these sources combined together will 
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not replace a significant part of conventional diesel fuel (petro diesel) consumption worldwide 
and even less impact for jet fuels. As an impact balance, is estimated that only 6% of 
conventional fuels demand would be covered if all U.S. soybean production will be used as an 
oil source for biodiesel (MOSER B.R. [1]). 

Worldwide is an increasing demand of renewable sources for aviation biofuels and the 
competition for leading in innovation has started already.  

Commercial companies such as KLM Royal Dutch and Japan Airlines have performed 
successful test flights with camelina jet biofuel. In the case of the Japan Airlines test flight, the 
bio-derived jet fuel component was obtained from three feed stocks: camelina (84%), Jatropha 
(15%) and algal (1%) oil. For military purposes,  the U.S. Air Force (USAF) has successfully 
tested the biofuels with an F/A-18 Super Hornet fighter jet as well as an A-10 Thunderbolt II 
fighter jet, energy source was a blend of camelina-derived renewable jet and standard JP-8 jet 
fuel. The USAF has a goal to acquire half of its domestic aviation fuel from alternative fuels by 
2016, (MOSER B.R. [1]). 

Camelina plant (Camelina sativa) is an annual crop, it grows to a height of approximately 
60-100 cm and the camelina seeds contain around 35-45% oil (ALICE L. & al [6]). 

Camelina is primarily an energy crop, with high oil content for industrial use, as a 
feedstock to produce renewable fuels. 

The by-product obtained from the oil extraction (camelina meal/camelina cake) is used as 
high protein animal adjuvant feed. 

Camelina is suitable to be used as an oilseed rotational crop with traditional crops and 
more important, it has a good potential for cultivation on marginal, uncultivated and 
contaminated land. 

Camelina, though cultivated for over 2,000 years in the area for its seeds containing 35-
45% oil, it was used as adjuvant food, in the dye industry, in the soap industry, and, more 
recently, for bio fuel. However, it is little known at present in Romania, though soil and 
climate conditions are favourable for this crop (IMBREA, [8]). 

 
 
Tool for evaluation the environmental impact of Camelina sativa 

technology 
Life Cycle Assessment 
Life Cycle Assessment (LCA) is a technique used to assess the environmental impacts 

of a product during its entire life cycle from the “cradle”, where raw materials are 
cultivated, and their products with final application or in our study is related only to  
agricultural technology and possibility of using its by products in sustainable application 
such as animal nutrition in commercial farms. 

The evaluation of the life cycle of a product can also be used to compare two different 
production processes in terms of use of resources and emissions. 

As defined by ISO standards and several studies, a correct LCA assessment consists of 
four major phases, (ISO14040, [2]): 1) Goal and Scope Definition; 2) Inventory analysis; 3) 
Impact assessment; 4) Interpretation. 

 
 
LCA stages 
The Goal and Scope definition provides the basis of the study through 5 fundamental 

steps (ISO14041, [3]): a) Drawing of initial flowchart for camelina cultivation chain; b) 
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Choice of functional unit and reference flow; c) Choice of impact assessment method and 
related impact categories; d) Definition of system boundaries; e) Decision on allocation 
problems. 

The initial flowchart is the starting point of the study and it shows which processes are 
involved in the system and their primary or secondary connections. 

The functional unit is the unit of measurement to which all the data relate. It allows the 
comparison among different systems, which are functionally equivalent, determining energy 
and mass flows in relation to its value. 

There are two different types of impact assessment methods: the methods which deal 
with the impacts caused by the production processes directly to the environment (mid points 
methods) and those dealing with the indirect effects to human health, ecosystem health and 
resources (end points methods). Both of them are characterized by impact categories 
(ISO14043, [4]). 

System boundaries define the limits of the study stating for example the processes involved 
in the system (technical boundaries), the time horizon and the geographical boundaries. 

Where physical relationship cannot be established as the basis for allocation, the 
environmental loads (resource consumption, energy consumption, emissions to air, soil and 
water etc.) should be allocated among the products in a way which reflects other relationships 
between them, for example the economic value. 

The second phase of a LCA analysis is the Inventory analysis (LCI). This step includes: 
the construction of the assessment plan according to the system boundaries decided in the 
goal and scope definition phase; the data collection of the inputs and outputs flows in each 
technology or production process and the calculation of the environmental impacts of the 
system in relation to the functional unit. 

The Impact Assessment (LCIA) is a phase which aims to describe the environmental 
consequences of the environmental loads quantified in the Inventory Analysis. The Impact 
Assessment is divided in four steps: Classification, Characterization, Normalization and 
Weighting (ISO14042, [4]). 

Life cycle Interpretation analyses the findings of the preceding phases of the LCA, 
reaching conclusions and providing recommendations to improve the environmental 
performances of the system studied (ISO14043, [4]). 

One of the main objectives of the Kyoto Protocol and also the global directives is the 
reduction of Green House Gas emissions (GHG) from consumption of fossil fuels and 
biofuels used mostly for transportation. Nowadays, a very important aspect is the technology 
process for production of biofuels together with the by-products from different renewable 
sources of raw materials.  

When an energy crop is cultivated for oil as main products, secondary products resulted 
from crushing are also take into consideration to bring value for different markets. 

Figure 1, shows simplified flow the by products from camelina sativa biofuel technology, 
from agricultural stage to final products. 
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Fig. 1. Simplified flow of Camelina sativa biofuel technology with most important inputs and 

by-product resulted for this phase: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1 presents yield of camelina sativa from 1 Ha of land and the final product and by-

product after crushing. Important amount of camelina cake/meal shows that we need to find a 
solution for by-product, adding value for the whole technology, (PETRE & al, [11]). 

 
 

Table 1. Yield of oil and cake from 1 Ha of Camelina sativa 
 

Area counted – 1 ha Camelina sativa* 

Seed production (kg) 1500 

Oil content % 40 

Oil quantity after crushing  (kg) 484 

Oil density at 200C (g/cm3) 0,9219 

Oil quantity after crushing  (l) 525 

Cake quantity after crushing (kg) 1016 

* Minimal tillage 

 
 
Adding value on by-product for increasing technology performance of the LCA 
Studies regarding inclusion of camelina meal as a source of protein in animal 

nutrition 
 More studies reveals that camelina meal is suitable for animal nutrition, with some 

key points that will increase the value of this secondary product, depending on target specie, 
the nutritional profile gives the nutritionists chance to use in animal diets, table 2. 
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Table 2. Nutritional value of Camelina meal for ruminant rations, adapted after (Colombini et al, [12]): 

 
CP* % 
of DM 

NEl 3x 
(MJ/Kg DM) 

NDF 
g/Kg of 

DM 

ADF 
g/Kg of 

DM 

ADL 
g/Kg of 

DM 

EE 
g/Kg of 

DM 

Ash 
g/Kg of 

DM 

Nutrients 
Value  

34.3 7.9 372.8 272 60.1 59 62.7 

 
DM: Dry Matter; CP: Crude Protein for spring sowing Camelina; NEl: Net energy of lactation; NDF: 

Neutral detergent fiber; ADF: Acid detergent fiber; ADL: Acid detergent lignin; EE: Ether extract 
 
 
Poultry - Laying Hens, egg enriched with Omega 3 
Table 3 shows the content of Linolenic acid (18:3 n-3) (an omega-3 fatty acid), of 

camelina meal. Due to the high oil content, omega-3 fatty acid and crude protein, camelina 
meal will increase the market value of the crop by inclusion in laying hens diets for enriched 
eggs with polyunsaturated fatty acids (DHG).  

  
Table 3. Fatty acid content of camelina meal. 

 
FATTY ACID U / M VALUE 

MYRISTIC ACID C14:0 g%g  (F) 0.17 

PALMITIC ACID C16:0 g%g  (F) 9.12 

PALMITOLEIC ACID C16:1 g%g  (F) 0.52 

STEARIC ACID C18:0 g%g  (F) 2.70 

OLEIC ACID C18:1n9 g%g  (F) 17.71 

LINOLEIC ACID C18:2n6 g%g  (F) 24.58 

LINOLENIC ACID γ C18:3n6  g%g  (F) 0.13 

LINOLENIC ACID α C18:3n3 g%g  (F) 26.92 

ARACHIDIC ACID C20:0 g%g  (F) 1.17 

EICOSENOIC ACID C:20(1n9) g%g  (F) 10.10 

OCTADECATETRAENOIC ACID C18:4n3 g%g  (F) 0.80 

ACID EICOSADIENOIC C20:n6           g%g  (F) 1.61 

ERUCIC ACID C22:1n9 g%g  (F) 0.86 

ARACHIDONIC ACID C20:4n6 g%g  (F) 0.26 

EICOSAPENTAENOIC ACID C20:5n3 g%g  (F) 2.18 

DOCOSATETRAENOIC ACID C22:4n6 g%g  (F) 0.30 

DOCOSAPENTAENOIC ACID C22:5n6 g%g  (F) 0.16 

DOCOSAHEXAENOIC ACID C22:6n3 g%g  (F) 0.43 

Other fatty acids g%g  (F) 0.28 

 
In a 2011 study, Lohmann White Leghorn hens (29 weeks old) were  randomly allocated 

to three dietary treatment groups (n = 25 per group) and data was collected over  a 12 week 
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production period. All the treatment groups were fed a corn soy based experimental diet 
containing 0% (control), 5, or 10% extruded camelina meal. The authors of this trial did not 
found significant differences in percent hen-day egg production and feed consumed per dozen 
eggs [KAKANI & al [7]. 

First important result that authors discovered is that was a significant increase in the 
total n-3 fatty acids in the eggs from the 5 and 10% camelina groups, as compared to the 
Control group. The ratio of n-6 to n-3 fatty acids was also significantly lower in the 10% 
camelina group (4.3), relative to the 5% camelina group (6.0) and the Control group (12.4). 
Eggs from the 10% camelina group had on average of 78 mg of DHA per yolk, as compared 
to 59 mg/yolk from the 5% camelina group and 32 mg/yolk from the Control group. There 
was a nearly threefold increase in deposition of ALA in the 10% camelina group eggs when 
compared to the Control group eggs [KAKANI & al [7]. 

Secondly, egg shell strength, was significantly higher in both camelina groups compared 
to the controls. Egg total n-3 fatty acid content increased 1.9- and 2.7-fold in 5 and 10% 
camelina groups respectively relative to the control. A similar increase in DHA content also 
occurred. Further camelina meal did not alter glucosinolate levels and no detectable 
glucosinolates or metabolic product isothiocyanates were found in the eggs from either the 5 
or 10% camelina groups [KAKANI & al [7]. 

Feed consumption and body weight was the same for the control group and for test 
groups. There was no mortalities in the flock [KAKANI & al [7]. 

These results indicate that camelina meal, as a by-product from biofuels technology, is a 
viable dietary source of n-3 fatty acids for poultry and its dietary inclusion results in eggs 
enriched with n-3 fatty acids [KAKANI & al [7]. 

In a study performed on fattening meal type chickens, authors concluded that Camelina 
meal contains high amount of protein and essential fatty acids and could be included into 
poultry feed formulations as a source of energy, protein, and essential fatty acids. Feeding 
Camelina meal enhanced the n-3 fatty acid content of meat and liver and also from adipose 
tissue. The fatty acids provided in the white and dark meat of birds in the group fed with 
Camelina meal were more than 2.0- and 2.9-fold higher, respectively, than those in the white 
and dark meat of birds fed the control diet. Authors also monitorised feed efficiency, 
calculated from 1 to 21 d of growth, which was lower for Camelina meal group than for the 
control group, but overall, the differences are not significant (AZIZA & al [8]). 

 
Swine – Fattening pigs 
Latest researches, Taranu et al., observed the effects from inclusion of camelina meal in 

pigs diets, results taken together indicate that the diet including camelina oil-cakes did not 
influence pig performance, but modulated several mediators of the cellular immune response 
(decrease of pro-inflammatory cytokines and COX2), antioxidant defense system (increase in 
antioxidant enzymes expression, SOD, CAT, GPx, and NO production) in the spleen. Also, 
the camelina oil-cakes diet improved the blood biochemistry profile: decrease in plasma 
glucose and increase of plasma antioxidant capacity (TARANU & al [10]). 

All these results indicate that camelina oil by-products rich in v-3 PUFA have the 
capacity to modulate systemic metabolism and to influence spleen cell function. Comparing 
other sources of protein and energy, camelina meal could be an alternative to other oilseeds 
due to high content of v-3 PUFA and other antioxidants, which can be further modulated by 
specific dietary strategies (TARANU & al [10]) and MEADUS & al [11]). 

At this level of inclusion (12%) camelina oil-cakes appear to be a potentially alternative 
source of fat for pigs, preserving a high content of v-3 PUFA. Its antioxidant potential is 
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shown by the stimulation of detoxifying enzyme gene expression and by the suppression of 
pro-inflammatory markers in spleen. Moreover, the recent research evidences in pigs, 
demonstrated that some of camelina constituents (erucic acid and glucosinolates) considered 
as anti-nutritional factors which limit its utilization might have anti-carcinogenic benefits, by 
stimulating the hepatic expression of phase 1 and 2 xenobiotic detoxifying enzymes 
(MEADUS & al [11]). 

 
Big and small Ruminants   
Colombini et al. [12], evaluated the nutritive value of Camelina sativa (CS) meal 

genotypes in comparison with canola. Meals were obtained from seeds after solvent oil 
extraction. CS average crude protein (CP) content (g kg−1 drymatter) was 457. Numerical 
differences in lysine and sulfur amino acid content were observed among CS genotypes. 
Glucosinolate (mmol kg−1) content was higher for CS (23.1) than canola (7.2). Sinapine 
content (g kg−1) was lower for CS (2.79) than for canola (4.32). Differences were observed 
among CS genotypes for rumen undegraded protein (RUP). Average RUP (g kg−1 CP) was 
316 for CS and 275 for canola. CS meal has potential for use in ruminant rations as a high-
quality protein source. In vivo studies are needed to compare CS with other protein sources 
used in cattle rations. Implementation of breeding programs for improved meal quality is 
recommend. These present results show that, in a marginal area and under low input 
application, the yield of the more productive CS genotypes was comparable to canola. The 
analysis of CS meal showed that it has an average CP content higher than canola and an RUP 
proportion similar to canola, and thus has the potential to be used as a protein source in 
ruminant rations. Some CS genotypes showed a more favorable protein amino acid 
composition than canola. In vivo studies are needed to compare CS with other protein sources 
commonly fed in dairy cattle rations to confirmthe effectiveness of CS as a dietary protein 
source. Moreover, the study of different CS genotypes showed that the meals had statistically 
significant differences for chemicalcomposition,RUP and nutritive value; hence also the 
nutritive value of meal should be used by breeders as a selection criterion for sustainable 
energy production. Among antinutrional factors, a decrease in GSL content is desirable, 
suggesting that the implementation of further breeding programs for improved meal quality 
are necessary (S. COLOMBINI & al[13]). 

When feeding lactating dairy cows a diet high in linoleic acid, based on camelina satita as 
a source, greatest increases in the concentration of cheese favorable fatty acids were observed 
(K. MIHHEJEV & al [14]). 

In sheep, diet supplemented with camelina seed can  improve  the nutritional quality of 
milk fats, due to higher concentrations of α-linolenic acid, according to MIERLITA [15]. 

However, it was found that feeding of ewes with Camelina sativa  cake at inclusion rate 
from 10 to 20%, as a feed additive, resulted in significant changes in aroma and volatile 
compound contents in collected milk, identified by a loss of the overall dairy aroma (CAIS-
SOKOLINSKA & al [16]. 

Other study, on fattening lambs,  performed by CIESLAK [17] in 2011, showed  that 
results indicated that the addition of camelina leads to a higher content of linoleic, oleic and 
alpha linolenic acids in lamb muscles. 

In 2014, Moriel & al [18], showed that feeding camelina meal at 0.33% of average BW to 
developing replacement beef heifers did not decreased the synthesis of thyroid hormones, and 
it increased concentrations of fatty acids in plasma, growth or overall reproductive 
performance of peripubertal beef heifers. Therefore, camelina meal are suitable replacements 
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for conventional energy and protein supplements when offered to replacement beef  heifers 
for 60 d before estrus synchronization.  

E. E. GRINGS & al [19], presented that camelina meal has the potential to serve as a feed 
resource for beef replacement heifers. Their study revealed that there is no adverse effect on 
weight gain or pregnancy rates, when is compared with distiller’s dried grains with solubles as a 
protein source. Heifers fed on camelina sativa or distiller’s dried grains with solubles had high 
reproductive performance, both diets are feasible for using in a heifer development program. 

Other test in beef cattle with camelina meal supplementation, performed in 2014, did not 
altered thyroid gland function nor increase plasma concentrations of erucic acid, 2 factors of 
the main health concerns associated with this feed ingredient. Authors showed thar steers 
received camelina meal had decreased forage and total dry matter intake, with no association 
with altered ruminal forage disappearance rate or circulating cholecystokinin concentrations. 
Camelina meal supplementation diminished the acute-phase protein reaction associated with 
neuroendocrine stress responses induced by bovine corticotropin-releasing hormone 
challenge, transport and feedlot entry, and did not lowers feed efficiency parameters, if 
offered during preconditioning. Camelina meal is a utilizable feed ingredient to alleviate 
stress-induced  inflammatory reactions and to sustain  cattle welfare in beef systems (B. I. 
CAPPELLOZZA & al [20]. 

Adding commercian value on by-products from camelina sativa technology can only 
improve sustainalbility of biokerosene production, as a renewable source of fuels.  

In Romania, camelina meal or camelina cake, by-product resulted after oil extraction, can  
be included in dairy cattle diets, at a proposed inclusion rate of 0,5-1 Kg/cow/day, by 
replacing commonly protein sources like rapeseed meal, sunflower meal and soybean meal. In 
table 3 is presented the trial scheduled to be performed after 2015 harvest of camelina sativa. 

 
In next period will perform a trial with camelina meal in dairy farms, according to 

following details: 
 

Table 3. Basic trial for using camelina meal in lactating cow ratio. 
 

Period of 
testing 

Current 
protein 

supplement 
/cow/day 

Camelina 
sativa 

dosage/cow/day 

Parameters followed daily 

Milk yield Milk fat Milk Protein 

>21 days 4 Kg 0,5 Kg B A B A B A 

Parameters: B = Before feeding camelina meal; A = After feeding camelina meal 
 
Ratio used, evolution of trial and results will be presented in the next study. 
Palatability, milk properties such as taste, smell will be also recorded, together with close 

observation for the cows health. 
 
 

Discussions 
In Romania, we evaluated the usage of protein sources used in commercial dairy farms 

and according with nutritional profile of Camelina meal, it is suitable to be included in daily 
ratio of the cows, table 3.  
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Farmers are not using compound feed, is more efficient to combine different protein 
sources in farm, in order to reach the nutritional requirements of the animals and to have best 
price for milk production.    

Table 4. Farms sizes and protein sources used in dairy cows diets 
 

Date Farm County 
Milking cows, 

herd size 
Protein sources 

Dec. 2014 Farm 1 IL >500  
Soybean meal, Rapeseed meal, Sunflower 
meal, Corn DDGS  

Dec. 2014 Farm 2 GR <500  Soybean meal, rapeseed meal 

Dec. 2014 Farm 3 GR <500  Soybean meal, rapeseed meal 

Dec. 2014 Farm 4 DJ <500  Rapeseed meal, sunflower meal 

Dec. 2014 Farm 5 VN <500  Rapeseed meal, sunflower meal 

Dec. 2014 Farm 6 PH <500  Rapeseed meal, sunflower meal 

Dec. 2014 Farm 7 AB <2000  Rapeseed meal, sunflower meal 

Dec. 2014 Farm 6 IL <500  Rapeseed meal, sunflower meal 

Dec. 2014 Farm 9 PH <1000 Rapeseed meal, sunflower meal 

Feb. 2014 Farm 10 AR >1000 Soybean meal, DDGS 

Feb. 2014 Farm 11 AR <300 Rapeseed meal, sunflower meal 

Feb. 2014 Farm 12 TM <1000 Soybean meal 

Feb. 2014 Farm 13 SV <100 Soybean meal 

Feb. 2014 Farm 14 BT <100 Sunflower meal 

Feb. 2014 Farm 15 IS <500 Soybean meal, rapeseed meal 

Feb. 2014 Farm 16 IS <500 Soybean meal, sunflower meal 

Feb. 2014 Farm 17 VS <500 Soybean meal 

Feb. 2014 Farm 18 IS >500 
Soybean meal, rapeseed meal, Sunflower 
meal 

 
 
Utilisation of camelina meal as a protein source in dairy farms can only improve Life 

Cycle Assessment, by increasing the value after agricultural phase. 
Camelina meal has a 30-40% oil content after crushing, giving us the challenge to find 

the best utilisation of the cake. 
All farms need to increase milk yield and this will generate higher inputs for energy and 

protein in animals diet. This demand increase the GHG emissions and we need to limit this 
negative effect by using local and regional by-products. 

By using local and regional by-products, feeding costs will reduced, generating 
sustainability of Romanian dairy farms. 
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Conclusions 
This paper deals with the assessment of Life Cycle Analysis of camelina value chain in 

Romania, considering the GHG emissions reduction according to Kyoto protocol and the 
RED. It identifies the LCA phases, its stages, and methodology.  

Cultivation technology is explained in depth and results are illustrated in several tables.  
A analysis is made between some trials where camelina meal is included in animals ratio. 
Also, the chemical characteristics of Camelina meal are presented, as well as its agricultural 
inputs. The assessment of indirect inputs and related emissions per hectare was performed. 

Camelina meal is a good opportunity to be fed as a protein source for ruminants in 
Romania, where feeds and forages are common to be produced by each farm in order not to 
buy compound feed from feed mills. 

Camelina cake or camelina meal resulted as a 60-70% from crops crushed, chemical 
analysis and trials performed worldwide suggest that can be fed to poultry, swine and 
ruminants. 

Camelina meal can replace up to 15% of the protein sources from the standard diet of 
dairy cows, trial for assessing nutritional benefits will start after 2015 harvest will be crushed, 
results will follow to complete our study.  

Nutritional profile is favourable for using in daily ratio and safely replace important 
amount of protein sources in cow’s ratio, as an alternative to seasonal prices of the protein 
sources. 
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