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FOREWORD 

 
The Eighteenth Annual Research Review describes the ongoing research programme in the 
School of Biosystems Engineering at University College Dublin from over 74 researchers (9 
academic staff, 2 technicians, 25 postdoctoral researchers and 55 postgraduates).  The research 
programme covers three focal areas:  Food and Process Engineering; Energy and the 
Environment; and Bioenvironmental Engineering.  Each area is divided into sub-areas as 
outlined in the Table of Contents which also includes the name of the research scholar (in bold); 
the research supervisor(s); the title of the research; the nature* of the research programme; and 
the research sponsors. It also includes the noting of four awards for presentational excellence at 
the Seventeenth Annual Biosystems Engineering Research Seminar held in University College 
Dublin on Tuesday 19th March 2013.   

The four Appendices in the Review provide:  

 a listing of research projects in progress which were not included in the Review;   

 profiles of  Postdoctoral Research Scholars;  

 a photographic record of postgraduate students; and 

 a photographic record of the full-time staff who assisted in project supervision and 
administration.   

The Editors gratefully acknowledge the dedicated work of the individual research scholars, their 
research supervisors and the financial support of research sponsors.  Suggestions as to how 
future editions might be improved in presentation, style or content would be greatly appreciated. 

 

ENDA CUMMINS and TOM CURRAN     20 May 2013 

 

*MEngSc1, MSc1, MAgrSc1 = Research Masters (Mode 1) 

  MEngSc2, MSc2 = Taught Masters (Mode 2) 
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RAPID AND NON-DESTRUCTIVE DETERMINATION OF DRIP LOSS IN 

SALMON FILLETS USING HYPERSPECTRAL IMAGING TECHNIQUE 
 
Hong-Ju He, Di Wu, Da-Wen Sun 
The FRCFT Research Group, School of Biosystems Engineering, University College Dublin, 
Agriculture & Food Science Centre, Belfield, Dublin 4, Ireland 
 

Abstract 

Drip loss is an important index in salmon quality evaluation. This work was carried out for 
rapid and non-destructive determination of drip loss distribution in salmon fillets using visible 
hyperspectral imaging (400-1000 nm). Hyperspectral images were acquired for salmon fillet 
samples and their spectral signatures were extracted. Partial least-squares regression (PLSR) 
was used to correlate spectral data of fillet samples with its reference drip loss value estimated 
by using a weight loss method. Eleven important wavelengths were selected by using the 
regression coefficients method to build an optimised PLSR model, leading to a correlation 
coefficient (RCV) of 0.834 and root-mean-square error estimated by cross-validation 
(RMSECV) of 0.067. The results showed that hyperspectral imaging combined with PLSR 
analysis offers an effective capability for determining the spatial distribution of drip loss in 
salmon fillets.  
 

Introduction 

Drip loss is of importance in salmon production because it directly relates to sensory and 
other physicochemical attributes such as water-holding capacity. Drip loss can cause sensory 
loss including texture and flavour of salmon flesh. The increase of drip loss in frozen/thawed 
fish flesh is closely consistent with lower water-holding capacity, which is mainly caused by 
fibre shrinkage, cell damage, lower protein solubility, protein denaturation and aggregation 
taking place during freezing and thawing (Einen et al., 2002). In addition to water loss in the 
drips, increasing drip loss implies that some water-soluble nutrients such as proteins 
(Kristoffersen et al., 2007) and amino acids (Kristoffersen et al., 2007) will lose at the same 
time. Moreover, drip loss is concerned due to its financial implications, because salmon or 
salmon products are always sold by weight. Therefore, evaluation of drip loss for salmon 
flesh should be performed in order to decrease quality loss to the greatest extent possible and 
increase consumer acceptability. The drip loss of salmon flesh is usually measured by weight 
loss based on gravimetric method (Duun & Rustad, 2008). However, this traditional method is 
destructive, time-consuming and inefficient, and is not suitable for the requirement of the 
present large-scale industrial applications. Therefore, rapid and non-destructive techniques are 
required for the measurement of drip loss for salmon flesh to control and guarantee the quality 
and safety of salmon and salmon products. 
 
In recent years, a new advanced non-destructive technique named hyperspectral imaging has 
been emerged by integrating both spectroscopy and imaging techniques in one system to 
provide detailed spectral and spatial information of tested samples simultaneously, which can 
be alternative for quality evaluation and inspection of salmon fillets (ElMasry & Sun, 2010). 
Up to now, hyperspectral imaging technique has received considerable applications in the 
quality and safety assessment of many food products (ElMasry et al., 2012). As for salmon 
quality inspection, fat and salt prediction (Segtnan et al., 2009), ice fraction determination 
(Ottestad et al., 2009), colour measurement (Wu et al., 2012) and moisture determination (He 
et al., 2013) by using hyperspectral imaging technique have been investigated. However, there 
are few reports regarding hyperspectral imaging for drip loss determination and its spatial 
distribution in salmon fillets. In light of the usefulness of hyperspectral imaging technique to 
quality evaluation in salmon, this study aimed to investigate the potential capability of 
hyperspectral imaging techniques as a rapid and non-invasive tool for predicting drip 
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loss of salmon fillets. PLSR model for drip loss prediction was successfully established. The 
spatial distribution of drip loss was obtained at the same time.  
 

Materials and Methods 

Fillets preparation 
A total of 17 fresh farmed salmon fillets originated from Ireland (6 fillets), Norway (6 fillets) 
and Scotland (5 fillets) without bone and skin were collected from several local supermarkets 
in Dublin, Ireland. The fillets were of length 17 ± 1.5 cm and of superior quality. Fillets were 
labelled and then transported to laboratory of Food Refrigeration & Computerized Food 
Technology (FRCFT), University College Dublin (UCD), Ireland. All fillets were first 
scanned by the hyperspectral imaging system and then used for subsequent drip loss analysis. 
 
Hyperspectral imaging system 
The system used for acquiring hyperspectral images consisted of Specim V10E spectrograph 
(Spectral Imaging Ltd., Oulu, Finland) covering the spectral range of 400–1000 nm 
(spectroscopic resolution of 5 nm), a CCD camera (Basler A312f, effective resolution of 
580×580 pixels by 12 bits), objective lens (25mm focal length), illumination source (150W 
halogen lamp source attached to a fiber optic line light positioned at an angle of 48° to the 
moving table), mirror, a moving table, acquisition software (SpectralScanner, DV Optics, 
Padua, Italy) and PC. 
 
Reflectance calibration and images acquisition 
Before image acquisition, reflectance calibration was conducted to eliminate the influence of 
white (W) and black (B) background on the raw hyperspectral images. The white reference 
image (~99.9% reflectance) was obtained by collecting a spectral image from a uniform white 
calibration tile, while the dark reference image (~0% reflectance) was acquired by turning off 
the light source with its lens completely covered and then recording the camera response. The 
corrected reflectance value (R) was calculated from the raw signal (I) in a pixel-by-pixel basis 
as indicated by:  

                                        i i
i

i i

I B
R

W B





                                               (1) 

where i is the pixel index, i.e. i=1, 2, 3…, n and n is the total number of pixels. All 
hyperspectral images of 17 salmon fillets were acquired with the system (room temperature 
20℃ and relative humidity 50%). The spectral data were recorded in units of reflectance and 
saved in computer. 

 
Drip loss measurement 
After image acquisition, each fillet was cut into rectangular shapes with dimensions of 1.5 cm 
× 1.5 cm × 1.0 cm (length × width × thickness) at different locations, leading to 149 samples 
for drip loss measurement. The cubed samples picked from different locations of the fillets to 
ensure an appropriate span of quality attributes, which is critically important for the 
subsequent model calibration of drip loss. In this study, the cubed samples were weighed (W0), 
wrapped and suspended in a plastic jar, kept at 4 °C in the refrigerator for 4 days (96 h) and 
then re-measured (W1). The reference value of drip loss of each sample (W) was expressed as 
a percentage of weight loss from cut cube and calculated by the following formula: 

                                            0 1

0

100%


 
W W

W
W

                                                   (2) 

Data analysis and drip loss distribution 
Average spectra of each cubed sample were extracted from the same position within its 
corresponding hyperspectral image using the Region of Interests Function (ROI) of ENVI 
v4.6 software. Partial least-squares regression (PLSR) was used to establish the quantitative 
relationship between the extracted spectral data and the reference drip loss values measured 
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by the above method. Then, a chemical map indicating drip distribution loss was generated by 
means of a developed image algorithm. 
 

Results and discussion 

Full wavelength prediction 
PLSR model was first established for predicting drip loss value in salmon fillets by using the 
full spectral range of 400-1000 nm  with the variable number of 121 (Fig. 1). After full-cross 
validation, a good result was obtained with regression coefficient (R) of 0.854 for calibration 
process (RC) and of 0.808 for cross-validation process (RCV). Low RMSEC of 0.063 and 
RMSECV of 0.072 were also achieved and their small absolute difference of 0.009 showed 
that the established PLSR model was not overfitted.  

 
Fig. 1. PLSR model for predicting drip loss value in salmon fillets 

 
Optimal wavelengths prediction 
By analysing regression coefficients of the above established PLSR model, eleven individual 
wavelengths (415, 445, 500, 590, 605, 675, 760, 825, 880, 955 and 990 nm) were identified as 
optimal wavelengths for the drip loss determination of salmon fillets. A new PLSR model was 
then established based on the selected wavelengths. Compared to the result of the PLSR 
model which was established using the spectra within the full range wavelength, similar result 
was achieved by the new PLSR model with RC and RCV of 0.850 and 0.834, respectively. The 
new PLSR model also had a small difference between RMSEC and RMSECV of 0.016, 
showing the model was not overfitted too. Moreover, about 91% of wavelengths were 
eliminated (11 vs 121). The performance of new PLSR model was comparable to that of full 
spectral model, indicating that using regression coefficients for the optimal wavelengths 
selection was efficient to build a prediction model. 
  
Drip loss distribution 
Visualization process is quite useful to reflect the quality variation from sample to sample or 
spot to spot in spatial distribution. The simplified PLSR model was transferred to generate the 
distribution map of drip loss. Fig. 2 shows an example of distribution map of drip loss. All 
pixels within the hyperspectral image of a sample was visualized and highlighted in different 
magnitude, which provides a better and more direct way for understanding the salmon fillet 
with drip loss attribute distributing in different locations. 

 
Fig. 2. Distribution map of drip loss  
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Conclusions 

Hyperspectral imaging in the spectral range of 400-1000 nm was proven suitable for drip loss 
prediction in salmon fillets. Out of 121 wavelengths, only 11 optimal wavelengths were 
selected by analysing regression coefficients for PLSR model optimisation. The PLSR models 
had good performance in predicting drip loss based on either full range spectra or spectra at 
optimal wavelengths. The overall results show a potential capability of hyperspectral imaging 
for rapid and non-destructive evaluating drip loss of salmon fillets.   
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DETECTION OF SPOILAGE IN CHICKEN FILLETS USING NEAR-INFRARED 

CHEMICAL IMAGING AND CHEMOMETRICS 
 
Yao- Ze Feng and Da- Wen Sun  
The FRCFT Research Group, School of Biosystems Engineering, University College Dublin, 
National University of Ireland, Agriculture & Food Science Centre, Belfield, Dublin 4, 
Dublin, Ireland.  
 
Abstract 

Chemical imaging was exploited for its potential in direct and fast determination of total 
viable counts (TVC) in raw chicken breast fillets. Calibration models were established using 
chemical images acquired on a line-scan chemical imaging system (900-1700 nm) as well as 
chemometric methods including spectral transforms and partial least squares regression. Prior 
to modelling, images were transformed to different units, e.g. reflectance, absorbance and 
Kubelka-Munck (K-M). The best full-wavelength calibration model was obtained based on 
absorbance spectra, where the correlation coefficients (R) were 0.97 and 0.93, and the root 
mean squared errors (RMSEs) were 0.37 and 0.57 log10 colony forming unit (CFU) g-1 for 
calibration and cross validation, respectively. Simplified models were also built and the one 
based on K-M spectra was found to be optimum, with R and RMSEs of 0.96 and 0.40 log10 
CFU g-1 as well as 0.94 and 0.50 log10 CFU g-1 for calibration and cross validation, 
respectively. It was pointed out that the prediction maps offered a novel way for visualizing 
the gradient of TVC on meat surface. Moreover, visualization maps could be used to 
investigate the adaptability of a developed calibration model. 

Introduction 

Consumers are greatly concerned about the microbial safety (e.g., spoilage and pathogens) of 
chicken meat. There are over 40 methods available for detection and enumeration of bacteria. 
However, most of them are destructive, tedious, time-consuming and procedure-complicated. 
Therefore, fast, direct and automatic methods for precise prediction of bacteria in chicken 
meat are demanded in the food industry for efficient inspection and management. 
 
Vibrational spectroscopy, including infrared (IR) and near infrared (NIR) spectroscopy, has 
been employed to determine the spoilage of chicken meat, or specifically detection of total 
viable counts (TVC) in meats (Ellis and Goodacre 2001). Many authors revealed that it was 
the change of free amino acids that these infrared technologies captured and was closely 
related with the spoilage (Ellis and Goodacre 2001). Despite the great success of vibrational 
spectroscopic methods for determining total viable counts (TVC) in meats, the nature of 
“point” detection of these methods significantly limits their widespread applications. Most 
recently, an emerging method, chemical imaging, also called hyperspectral imaging, was 
adopted in some researches to detect bacterial loads (including Enterobacteriaceae, 
Pseudomonas and total viable counts) in chicken breast muscle (Feng et al., 2013; Feng and 
Sun, 2013ab; Grau, 2011). This emerging technique has the unique advantage that it can not 
only provide spectral information as conventional spectroscopic methods do, but can also 
provide additional spatial information, and thus it enables the scanning of the whole surface 
of the sample (Feng and Sun, 2012; Gowen et al, 2007). However, despite the encouraging 
findings by Grau et al. (2011) in terms of TVC sensing in chicken meat, the precision should 
be further improved. It was noticed that the study by Grau et al. (2011) only used absorbance 
as spectral parameters, however, reflectance and Kubelka-Munk function/unite are also used 
in many applications as candidate spectral parameters (Nicolaï et al. 2007a). Therefore, the 
objective of this study was to compare the three spectral parameters, i.e., reflectance (R), 
absorbance (A) and Kubelka-Munk (K-M) to improve the precision of calibration 
models for quantifying bacterial loads on chicken meat in the NIR wavelength range of 
910-1700 nm other than in the shorter wavelength range.  
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Materials and Methods  

Near-infrared chemical imaging system 
The constitutional components of the pushbroom chemical imaging system utilized in this 
study contained mainly five elements, i.e., a translation stage, illumination units, a 
spectrograph, a CCD camera and a personal computer installed with image acquisition 
software. This system worked in reflectance mode and covered a wavelength range of 900-
1700 nm. More details about this system can be found elsewhere (Feng et al., 2013; Feng and 
Sun, 2013ab).   
 
Samples and microbiological tests 
Chicken fillets purchased from a local supermarket were transferred to laboratory, prepared, 
stored and subjected to image acquisition by the chemical imaging system described above 
and traditional tests using microbiological protocols (Feng and Sun, 2013a). In 
microbiological tests, a standard spread plate method was applied. Briefly, 10 g samples were 
blended in 90 mL buffered peptone water (BPW) and the acquired suspension was serially 
ten-fold diluted. 0.1 mL of appropriate aliquots of bacterial suspension was transferred to 
plate count agar and incubated at 37 oC for 48 h before colonies were counted. 

Data analyses 
The raw meat sample images (Rr) were first calibrated in to corresponding reflectance images 
(Rc) using two reference images, one (~100% reflectance) taken on a white tile and the other 
(Rd, ~0% reflectance) for dark current. The following equation was used: 

 Rc= (Rr-Rd)/(Rw-Rd)  (1) 

To study the efficiency of spectral transforms in improving model performance, the calibrated 
reflectance images were then transformed into absorbance (A) and K-M images by applying 
the following equations in pixel-wise. 

 A= - log10 Rc  (2) 

 K-M = (1-Rc)
2 / 2Rc (3) 

Afterwards, masks were created by segmenting difference images at two bands to isolate the 
sample from background (Feng and Sun, 2013ab). The meat portions identified by the mask 
were called regions of interest (ROIs). Average spectra from these ROIs were then calculated 
and correlated with the measured TVC of the corresponding meat samples using partial least 
squares regression (PLSR). The established models were then evaluated by calculating 
correlation coefficients (R) and root mean squared errors (RMSEs) for calibration, and cross 
validation. Besides, ratio of performance to deviation (RPD) was also computed to indicate 
model qualities. Stepwise regression was used to select important wavelengths and these 
selected wavelengths were then utilized to build simplified models. 
 
Results and Discussion 

Full wavelength PLSR models 

As indicated in Table 1, the PLSR model based on absorbance spectra had better performance 
than those of the other two spectral parameters, with the highest correlation coefficients of 
0.97 and 0.93 as well as the lowest RMSEs of 0.37 and 0.57 log10 CFU g-1 for calibration and 
cross validation, respectively. PLSR model based on K-M spectra was the second best and 
was simple in structure (rank = 5). The correlation coefficients and RMSEs of the K-M model 
were all very close to those for the best model with only slight degradation in corresponding 
statistics. The PLSR model based on reflectance spectra was the poorest among the three but 
still qualified for rough screening since its RPD value was higher than 2 (Nicolaï et al., 
2007b). Meanwhile, high RPD for the previous two models indicated that they can be applied 
for future precise predictions (Nicolaï et al., 2007b). 
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PLSR models based on selected wavelengths  

Ten wavelengths, including 961, 1054, 1081, 1084, 1191, 1198, 1201, 1208, 1218 and 1328 
nm were selected for the establishment of simplified calibration models based on absorbance 
data (AS-PLSR).  These bands provided potential indication of changes of water, amides and 
amino acids during chicken meat spoilage process (Miller, 2001). As shown in Table 1, there 
was a slight improvement of model performance for AS-PLSR model than the corresponding 
full-wavelength model in terms of RPD value, an increase from 2.60 to 2.75. A total of seven 
wavelengths (1145, 1458, 1522, 1659, 1666, 1669 and 1672 nm) were allocated for the KMS-
PLSR model (i.e., simplified PLSR model based on K-M spectra). An excellent model was 
achieved using these wavelengths where the RPD value was higher than 3. The great 
enhancement of the model was also reflected in the correlation coefficients for cross 
validation, which was augmented from 0.92 to 0.94. Besides, a slight improvement for 
models based on reflectance spectra was also noticed. 

Table 1. The performance of PLSR calibration models base on full and selected wavelengths. 
 

Models 
Calibration  Cross validation  

RPD 
Rc 

RMSEC 
(log10 CFU g-1) 

 Rcv 
RMSECV 

(log10 CFU g-1) 
 

RF-PLSR 0.92 0.55  0.88 0.71  2.05 
AF-PLSR 0.97 0.37  0.93 0.57  2.60 

KMF-PLSR 0.96 0.38  0.92 0.59  2.55 
RS-PLSR 0.91 0.59  0.88 0.69  2.11 
AS-PLSR 0.96 0.42  0.93 0.54  2.75 

KMS-PLSR 0.96 0.40  0.94 0.50  3.02 

RF: full wavelength in reflectance; AF: full wavelength in absorbance; KMF: full wavelength 
in K-M; RS: selected wavelength in reflectance; AS: selected wavelength in absorbance; 
KMS: selected wavelength in K-M. 

Visualization maps 
One representative sample was selected and visualized by applying the above six models 
developed. Generally, the distribution maps produced unanimous trend for TVC distribution 
on the same meat surface except the one produced by the AS-PLSR model. There were low 
bacteria loads in the centre of meat but high loads of sporadic portions in other parts. The 
consistency was believed to have been ascertained by the goodness or excellence of 
established calibration models (Feng and Sun, 2013a).  

 
Figure 1. Prediction maps of TVC in a representative meat sample after applying different 

PLSR models. Colors (refer to the web version) in the two identical scales are shown to 
indicate bacterial loads (in log10 CFU g-1). Background is artificially set as black. 

 
In terms of the prediction map which was developed by applying AS-PLSR models and was 
aliens to the other five maps, the bacterial loads at the overwhelming majority of the sample 
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surface were substantially overestimated as indicated by the large area with dark red color. 
Such false distribution could be attributed to the large absolute value of regression 
coefficients, which was used to multiply the spectra to attain the final prediction (Feng and 
Sun, 2013a). It is easy to understand that a small distrurbance to the image (i.e., random noise) 
would lead to huge discrepancies in prediction. Though using different bands may modify this 
exaggeration due to somewhat smoothing efffect, the extent, i.e., whether in a positive way or 
in a negative aspect, is hard to predict. In this case, the production of visualization maps can 
be considered as an effective way for model validation. 

Conclusion 
Chemical imaging technique was employed in fast detection of TVC in chicken breast fillets. 
PLSR calibration models were built based on both full and selected wavelengths. Spectral 
transform was also investigated aiming to improve model performance. The established 
models were applied for visualization of TVC in chicken meat. It was demonstrated that the 
quality of distribution map relied on the quality of image and the robustness and adaptability 
of established models. Visualization maps provide efficient alternatives for model evaluation. 
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Abstract 
 
Food packaging materials can be improved by the addition of nanoparticulate fillers. Organically 
modified montmorillonite products can offset disadvantages (poor mechanical strength or poor barrier 
properties) associated with some biodegradable food packaging materials. Review papers in the 
nanotechnology field commonly mention the lack of cost effective quantification methods that allow for 
the detection of nanomaterials in various matrices. In this study two quantification methods were 
evaluated with regard to the detection of a nanomaterial present in food simulants, having migrated from 
laboratory produced nanocomposites. The first method was a widely recognised, conventional trace metal 
analysis method using Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES). The 
second method used a Hach Lange spectrophotometer, routinely used for water quality analysis. The latter 
requires a significantly lower capital investment. 
 
Introduction 
 
The consumer driven trend toward minimally processed foods and the industrially driven trend of export 
boundary expansion (and the associated lengthening of food shelf life that is required to sustain this) are 
just two of many driving forces of the development of food packaging improvements using nanofillers. In 
parallel to these market pressures is carbon footprint reduction in the food industry which often involves 
the use of more biodegradable packaging materials. In an attempt to satisfy all these seemingly opposing 
ideals, nanofiller inclusion in biodegradable packaging materials seem to provide solutions. 
Commercial fillers are available that claim to improve mechanical strength and barrier properties of 
materials that perform badly in these areas compared to conventional petroleum based synthetic polymers 
(Zhang and Wang, 2012). Mechanical strength of food packaging materials provide protection against 
rupture during transport and the subsequent chemical, physical and biological threats that may follow. 
Barrier properties can prolong the shelf life of a food whether effective against oxidation inducing light 
wavelengths, gas exchange, or moisture loss or influx. This in turn could reduce the need for other 
preservation processing such as the addition of salt.  
The use of biodegradable packaging materials minimises the negative environmental impact associated 
with packaging foods. After use, Natureworks PLA polymer 4032D is broken down in a compost 
environment by heat and moisture. Polylactic acid chains, which are the main components, are split apart 
from one another and this allows them to be metabolised by microorganisms and fungi (Nampoothiri, 
Nair and John, 2010, www.natureworsllc.com). 
 
The objective of this study was to assess the migration of three different Cloisite® products into two 
different food simulants using two quantification methods and to make a comparison of the 
methods based on the results. 
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With any new technology, new risk assessments must be carried out. One concern regarding the 
incorporation of nanoscale fillers into food packaging materials is the risk of migration (Cushen et al 
2013). To assess migration as a risk, migration tests are carried out (Commission regulation (EU) No 
10/2011). The limitations and shortages of suitable analysis techniques for nanoparticles in particular 
matrices are broadly regarded as obstacles hindering the comprehensive risk assessment of 
nanotechnologies (Tiede et al 2008). An array of complementary analysis techniques are often used 
together, such as quantification techniques and image analysis, for a better understanding of the 
nanoparticle profile and concentration. Inductively coupled plasma optical emission spectrometry 
(ICPOES) is a trace elemental analysis technique suitable for the detection and quantification of metals at 
very low levels (ppb) 
 
Materials Method 
 
Three different commercially available Cloisite® products were incorporated at 5% w/w into a 
Natureworks® food packaging material polylactide 4032D (PLA); 20A, 30B and 93A. These fillers are 
layered silicates that are organically modified to improve miscibility with packaging film matrices. The 
Cloisite® fillers were found to be evenly dispersed in the resultant materials by TEM analysis 
(unpublished work). 
Two replicates of each sample and three replicates of a control (PLA containing no filler material) 
underwent migration tests into food simulants according to recommendations by the Commission 
Regulation (EU) No 10/2011. Test specimens (portions of the samples under investigation) were 
immersed in one of two simulants for 10 days at 40˚C. Half of a squared decimetre of test specimen was 
put in contact with 50 mls of simulant for the migration test which maintained the test specimen to food 
simulant ratio set out by Commission Regulation (EU) No 10/2011 (1 dm2 to 100mls). The two simulants 
were distilled water and distilled water containing 3 % acetic acid (denoted “food simulant B” in 
Commission Regulation (EU) No 10/2011).  
Following the period allowed for migration, the migration test specimens were removed from the 
simulants. The undigested simulants were analysed using ICP-OES (Varian, Vista-RL, CCD 
Simultaneous ICP-AES).and Hach Lange Spectrophotometer (DR 3900, Hach Lange) using the 
Heteropoly Blue method 8186. Silica was quantified in the simulants as it is a large component of each of 
the Cloisite® fillers under investigation. Total Silicon was quantified using ICP-OES using Scandium as 
an internal standard. Transmission Electron Microscopy (TEM) imagery of the food simulants was also 
carried out. 
 
Results and Discussion 
 
The ICP-OES results were adjusted with regard to molecular weights so that the results from the 
quantification methods were comparable. This was done by multiplying the results by the quotient of the 
molecular weights of silica and silicon. 
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Figure 1: TEM image of platelet structures in food simulant which had been in contact with Cloisite® 
30B incorporated into a PLA food packaging material. 

 
Migration was shown to have occurred with silica levels in distilled water simulants from 0.003 – 0.007 
mg/L as detected by ICP-OES and from 0 –0.02 ml/L as detected by Hach Lange. Silica levels in simulant 
B were from 0.025- 0.078 mg/L as detected by ICP-OES and from 0.006 – 0.05 mg/L detected by Hach 
Lange. Layered Silicate-like structures were also found in TEM imagery (Figure 1). The results of two 
way Anova statistical testing show that the effect of simulant was significant (p<0.05) but the effect of 
test method was not significant (p>0.05) in either of the simulants. The acetic acid in distilled water (at 3 
%), or simulant B, had higher results than in the distilled water simulant. This was expected as Simulant 
be is thought to be the more aggressive simulant of the two. 
 
Conclusions 
This suggests that the replacement of the costly ICP-OES analysis with the simple water analysis by Hach 
Lange would not impact the quantification results thus making migration studies more affordable. The 
migration from the PLA nanocomposite to the food simulant was not significantly impacted by the type 
of filler; 20A, 30B and 93A. 
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HUMAN EXPOSURE TO SILVER FROM NANOPACKAGING 
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Abstract 
 
Nanopackaging has become a major concern due to the probability of the migration of 
nanoparticles to food. This study aims to assess the potential migration level of nanosilver 
from polyethylene packaging under severe conditions. An experiment will be carried out to 
test the migration level under different conditions. Furthermore, a risk assessment model will 
be developed to clarify the potential risks for humans from exposure to silver from 
nanopackaging. 
 
Introduction 
 
Nanotechnology in the food industry represents a significant new direction in research  
(Morris et al., 2011). It is generally accepted in nanosciences that a nanomaterial refers to 
material with at least one size measurement between approximately 1 and 100 nm (EFSA et 
al., 2011).  
 
Nanomaterials are being used in many fields such as medicine, electronics and the food 
industry. Nanopackaging is one among many applications of nanomaterials in the food 
industry. For example, nanosilver has been used in food packaging, mostly as an antibacterial 
agent. While we are taking advantage of nanomaterials (NMs) and nano-products, they may 
pose a risk to humans and the broader environment (Wang et al., 2013). According to Morris 
et al. (2011), the use of nanosilver in food packaging can pose a risk to human health. 
Regulations are in their infancy stage due to a recognisable lack of knowledge in relation to 
nanotoxicity. Currently, there is little information about the mechanism of food contamination 
due to nanopackaging.  
 
The objective of the study is to evaluate the potential migration level of nanosilver (with 
two different concentrations, 1% and 0.1%) from packaging (polyethylene) to food 
simulant (3% acetic acid) under different conditions including severe conditions 
(temperature of 40°C and 10 days storage time). 
 
Materials and Methods 
 
Experimental Design 
The experiment was designed to assess potential migration levels of nano silver from 
polyethylene packaging to a food simulant which is 3% acetic acid (w/v) in aqueous solution, 
under severe test conditions. The conditions were selected according to the European 
Standard procedure for migration (European Standard, 2002). 
 

Table 1. The migration test conditions 

Samples(n) Concentration (-) Temperature (°C) Storage time (days) 

n=3 1% 40°C 5 days 
n=3 1% 40°C  10 days 
n=3 0.1% 40°C  5 days 
n=3 0.1% 40°C  10 days 
n=3  0% 40°C  5 days 
n=3 0% 40°C  10 days 
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Results and Discussion 
 
This study is ongoing. The hypothesis of this study will be tested. According to the 
Commission Regulation (EC) No. 450/2009, Article 14, a maximum level of migration of 
0.001 mg/kg should be observed for the migration of a non-authorised substance through a 
functional barrier. Nanosilver is known as a non-authorised substance.  
 
Song et al. (2011) and Huang et al. (2011) are two recent studies which tested the migration 
of nanosilver from food packaging. Both studies looked at the migration of nanosilver from 
commercially available nanosilver-polyethylene food storage bags and found that migration 
increased with increasing time and temperature in to food simulants (Cushen et al., 2013). It 
is anticipated work in this current study will provide deteils on migration over a wider time 
period and under more severe conditions. According to Song et al. (2011) and Huang et al. 
(2011), the main risk factors for increasing migration of nanoparticles are time and 
temperature. 
 
Conclusions 
 
This study is expected to assess the potential migration levels of nanosilver from polyethylene 
to a food simulant and take into account human health risks from nanosilver. The migration 
results will feed into a Monte Carlo exposure assessment model and result in an evaluation of 
likely human exposure level to nanosilver from packaging materials. 
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Abstract 

In this study, fresh-cut apples will be treated with ozonated water, chlorinated water and 

antibrowning agents plus ozonated water. Colour values will be measured in order to 

investigate the effects of the various treatments on apple slices. Samples will be divided into 

five groups, including fresh water washing, ozonated water treatment for 2 minutes, ozonated 

water treatment for 10 minutes, chlorinated water treatment for 2 minutes, and pre-treated 

apples washed by ozonated water for 2 minutes. Sample colour will be measured at 0 s, 30 

minutes, 2 hours, 1 day, 3 days and 5 days. Chroma, total colour difference, and Hue value 

will be calculated. 

 

Introduction 

Recently, fresh-cut fruits have been popular snacks for consumers since they are fresh, 

convenient and nutritious foods. However, the preservation of fresh-cut fruit is a challenge. 

The shelf life of fresh-cut fruits is shortened by many factors, such as respiration of living 

tissue accelerating ripeness, delocalization of enzymes caused by cutting activating enzymes 

reactions, and the release of nutrients contributing to microbial growth (Wu et al., 2012). 

Moreover, browning can significantly impact the quality of fresh-cut fruits and their market 

values. Robards et al. (1999) believed that browning is caused by a group of enzymes named 

polyphenol oxidase (PPO). These enzymes oxidize endogenous phenolic compounds 

containing an o-dihydroxy group into o-quinones with subsequent reactions, resulting in 

brown, black or red pigments. Since consumers demand safe and natural products without 

additives, many novel technologies have been studied to extend the shelf life of fresh-cut 

fruits, including pulsed light, high pressure, and ozone treatment. 

Ozone is an effective disinfectant or sanitizer in food processing. Both the aqueous form and 

gaseous form of ozone is applied to inactivate microorganisms, remove toxic substances and 

extend the shelf-life of fruits and vegetables (Karaca and Velioglu, 2007). One of the biggest 

advantages of ozone is that it can rapidly decompose into oxygen so that there are no toxic 

residues remaining. The effects of ozone exposure on the colour of fresh-cut fruits and 

vegetables have been evaluated. Zhang et al. (2005) indicated that ozone treatment inhibited 

the polyphenol oxidase activity of fresh-cut celery. Ikeura et al. (2013) observed no 

significant colour change of lettuce and cherry tomatoes after ozone microbubble treatment. 

Since apples are an example of fruit that are susceptible to enzymatic browning, this 

experiment investigates the colour changes of fresh-cut apples after different treatments.  

 

The objective of this study was to investigate the effects of ozone treatment on the colour 

of fresh-cut apples.  

 

 

16



Materials and Methods 

Sample preparation 

Raw apples used in this experiment will be purchased in local shops and stored at 4-5 °C until 

use. Deionized water should be sterilized and stored at 4-5 °C. Before processing, whole 

apples are washed in water and rinsed in water. All cutting board, knives, gloves and 

ultrasound bath are sanitized.  

Apples are hand peeled and cut into square (2 cm×2 cm×2 cm). Apple samples are 

immediately dipped in distilled water (4-5 °C) for one minute to reduce cellular fluids 

(Gomez et al., 2012). Samples are divided into six groups. All the treatments are conducted at 

room temperature (20±5 °C).  

 

Treatment process 

There are five treatments proposed in this study. 

1) Water treatment 

Samples are washed by deionized water in an ultrasound bath for 2 minutes. Water 

temperature is measured and controlled to ensure the temperature of all treatments is the same. 

After treatment, samples are dried by tissue paper for colour measurement. These samples are 

control samples. 

2) Ozone treatment (2 minutes) 

Ozone is generated by an ozone generator and dissolved into deionized water in an ultrasound 

bath for 10 minutes. Water temperature is measured and controlled. Samples are washed by 

ozonated water in an ultrasound bath for 2 minutes. After treatment, samples are dried by 

tissue paper for colour measurement.   

3) Ozone treatment (10 minutes) 

Ozone is generated at the same flow rate of treatment 2, and is dissolved into deionized water 

in an ultrasound bath for 10 minutes. Water temperature is measured and controlled. Samples 

are washed by ozonated water in an ultrasound bath for 10 minutes. After treatment, samples 

are dried by tissue paper for colour measurement. 

4) Chlorine treatment 

Sodium hypochlorite is dissolved into deionized water in ultrasound bath (chlorine 

concentration 100 ppm). Water temperature is measured and controlled. Samples are washed 

by chlorinated water in ultrasound bath for 2 minutes. After treatment, samples are dried by 

tissue paper for colour measurement. 

5) Antibrowning treatment and ozone treatment 

Prior to ozone treatment, some samples are treated by antibrowning agents. Samples are 

dipped into aqueous solution containing 1% (w/v) ascorbic acid and 0.1% (w/v) calcium 

chloride, pH 3.5, for 5 min at 4 °C (Gomez et al., 2012). After dipping, samples are treated in 

ozonated water for 2 minutes. After treatment, samples are dried by tissue paper for colour 

measurement. 

 

Packaging and storage of processed apples 

Sandwich bags are used to package samples. Each bag contains one sample. The packages are 

labelled and stored at 4-5 °C for 5-6 days. 
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Colour measurement 

The colour of treated samples is measured by a Minolta colorimeter (ModelCR-400, Konica 

Minolta Sensing, Inc., Osaka, Japan). The colour is defined by three colour co-ordinates, 

called L, a, b. L value indicates lightness or darkness, which ranges from 0 (black) to 100 

(white). “a” and “b” are two chromatic parameters. “a” indicates chromaticity on a green (-) 

to red (+) axis, and “b” indicates chromaticity on a blue (-) to yellow (+) axis (Gomez et al., 

2012). The values “L”, “a” and “b” of each sample are measured and recorded. Chroma (Eq. 

(1)), total colour difference (TCD) (Eq. (2)) and Hue angle (Eq. (3)) are calculated with these 

values (Tiwari et al. 2008).  

Chorma=                                                          (1) 

TCD=                                      (2) 

Where, L0, a0 and b0 are colour values of control group 

Hue=                                                              (3) 

Samples are measured at 0 s, 30 minutes, 2 hours, 1 day, 3 days and 5 days after treatment. 

Three readings are taken at three different locations of each apple sample to get uniform 

colour values. Ten apple samples are measured for each treatment at one sampling time. 

Colour values “L”, “a” and “b” are record as the mean value of triplicate readings. 

 

Results and discussion 

In comparison with the control group, samples with ozone treatment and chlorine treatment 

are expected to be observed to be darker in colour. TCD values of ozone treatment groups are 

expected to be greater than other groups. “L” and TCD values are expected to increase with 

the increasing processing time. According to some research (Torres et al. 2011), the “b” value 

also increases with processing time, while the “a” value decreases with increasing processing 

time. Samples with ozone treatment for 10 minutes are expected to be the darkest. TCD 

values of pre-treated samples with ozone treatment are expected to be not significantly greater 

than the control group. Colour values are expected to increase with the storage time after 

treatment. The “L” and TCD values of antibrowning treatment samples are expected to be less 

pronounced during the storage phase.  

 

Conclusion 

This study aims to investigate the effects of ozone treatment on the colour of fresh-cut apples. 

A series of experiments will be demonstrated. Sample colour values will be measured after 

treatment. The influence of ozone treatment and processing time on colour values will be 

determined. If the antibrowning group exhibits high antibrowning effects, further experiment 

will be conducted to investigate the influencing factors, including ozone concentration, 

antibrowning agent concentration, processing time, and sample sizes and dimensions. If the 

antibrowning group does not exhibit high antibrowning effects, further experiments will be 

conducted to investigate high efficiency antibrowning agents. 
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Abstract 

 

Colour, texture, vitamin C, sugar, water activity and rehydration ratio of apple slices dried by 

microwave vacuum drying under different conditions are going to be analysed systematically. 

Taking the main factors (microwave power density, absolute pressure and thickness of apple 

slices) during the microwave vacuum drying processing into account, a model based on the 

orthogonal test analytic technique will be build. The function of this model is to analyses the 

effect of these variables and their interaction on the product quality, so that optimal 

processing parameters can be determined. 

 

Introduction 

 

Apple plays a significant role in the world diet. Dried apple products are also quite popular in 

daily life, and can be used as secondary raw materials in food industry as well. Dried apples 

can have a long shelf life, as drying process removes water from the foodstuff to prevent 

microbial spoilage and chemical alteration (Cuccurullo et al., 2012). 

However, many traditional drying processes (like air drying) may destroy most of heat 

sensitivity components of apple, and also take long drying times. Compared with traditional 

drying processes, microwave vacuum drying can greatly reduce drying time and, also, control 

the product temperature by carefully manipulating the average microwave power density and 

vacuum level. 

In microwave vacuum drying, microwave as an energy, directly penetrate into food, and 

volumetrically heat up the foods to be dried. As a result, it can shorten the heating time by 

omitting the heat conduction process inside the foods. Temperature of the food being dried 

can be controlled by their energy absorption per gram of foods (microwave power density), 

which greatly depends on the microwave power level and microwave duty cycle. Vacuum in 

microwave vacuum drying can reduce the water boiling point and resultant temperature of the 

food being dried.  

This paper is going to investigate the effects of the average microwave power density 

(average in one duty cycle), pressure, drying time and the thickness of apple slices on texture, 

percentage of left vitamin C, overall colour change (TCD*), sugar content, rehydration ratio 

and water activity. An orthogonal model will be made based on the experimental results. 

Based on the model, optimal process parameters can be evaluated with various thicknesses of 

apple slices. 

 

The objective of this paper is to determine the optimum operation parameters by 

building an orthogonal model for microwave vacuum drying of apple slices. 
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Material and Methods 

 

Sample preparation 

Apple samples from a same variety will be purchased from a local supermarket. The samples 

are carefully chosen to avoid presence of injury or decay. After being peeled, the samples will 

be sliced and their cores will be removed with a core borer. All of the slices will be soaked 

into a solution (a mixture aqueous solution of 0.5% of citric acid, 0.2% of sodium hydrogen 

sulphite, 0.4% of calcium chloride and 0.5% of anhydrous sodium chloride) for about half an 

hour at the room temperature to prevent browning of the samples. Weights of the samples are 

recorded.  

 

Microwave vacuum drying process 

The drying process will be carried out in an experimental scale microwave vacuum drying 

system. It consists of a microwave, in which vacuum desiccators is installed. The desiccator is 

connected to a drying column to absorb vapour evaporated from the foods and then further to 

a vacuum pump. A valve and a pressure transducer are used to control the pressure in the 

desiccators. Temperatures of the samples are monitored by fibre optic thermometers during 

drying. The samples in the desiccators are heated by microwave at different power density 

levels under different pressures. Microwave heating will be carried out in a repeated duty 

cycle (on for 1 minute, and off for 3 minutes) until the end of the desired drying time. The 

dried samples are subject to the following quality determination. 

 

Evaluation index and method 

1. The change of colour of apple slices 

A Chroma meter (Chroma meter CR-400, Konica Minolta, Japan) is used to determinate the 

colour of apple slices. The value of L*, a*, b* are recorded, the colours of apple slices are 

measured before and after microwave vacuum drying process. The overall colour change 

(TCD*) is evaluated as (Minolta, 1994): 

∗ ∗ ∗ ∗ ∗ ∗ ∗                                (1) 

2. Instrumental texture measurement 

Because of the effect of volumetric heating by microwave in microwave vacuum drying 

process, water vapour generated inside the foods can cause a puffing effect, causing change of 

the dried food structure and hence its texture.  

An Instron Universal Testing Machine (Instron Corporation, Canton, MA) is used to measure 

the sample’s texture (Pappa et al, 2007). According to Sherman’s (1979) theory instrumental 

texture profile analysis is used for food texture analysis. 

3. Vitamin C measurement 

2, 6-dichloroindophenol titrimetric method (JAOAC, 1984) is used to determine the contents 

of vitamin C for both original and dried samples to find the percentage of damaged vitamin C. 

4. Sugar measurement 

Fehling method will be used to determine the sugar measurement (Mo and Sung, 2007; 

AOAC 920.183b, 1990).  

5. Water activity 
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The water activity is determined by water activity instrument (LabMASTER-aw, Novatron 

Scientific, UK) at room temperature. 

6. Rehydration ratio 

Rehydration rate ratio is one of the most important characteristics of dried apple slices. It can 

be determined by immersing the sample under water at room temperature (25 ℃) and 

weighed after 30 min (Giri and Prasad, 2007). 

Rehydration	ratio
	 	 	 	

	 	 	
100%        (2) 

7. Establishment of the model 

Drying time, average power density, pressure and thickness are going to be used as the main 

factors (set as X1, X2, X3 and X4). Colour changes, texture, vitamin C changes, sugar content, 

water activity, and rehydration ratio will be used as evaluating indicators. Quadratic equation 

fitting is competed between these factors and indicators. It is a model with 4 factors and 6 

evaluating indicators (Y) model (L36 (64)). 

Y a
                                   (3) 

Variance calculation and significant test can help to separate the main influence factors and 

secondary influence factors (Dong et al., 2004). So that the model can be simplified by 

eliminate the secondary influence factors. The optimal value of each parameter can be 

decided. 

 

Expected results 

 

Drying time, pressure, thickness and average power density are used as main factors to build a 

quadratic equation model, based on an orthogonal with 4 factors and 6 levels. This model can 

be used to optimize the drying operation based on analysis the colour changes, texture, 

vitamin C changes, sugar content, water activity, and rehydration ratio of dried apple slices. 

After all of the experiments, an empirical formula will be made, based on which the most 

optimal point could be found, for a high quality dried apple slices. The model can also 

distinguish the major and minor factors used in the model. 
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Abstract 

 

Drying of seaweed with ultrasound assisted air-drying was investigated in this study. 

Pre-treatment time on seaweed samples ranged from 5 minutes to 15 minutes and ultrasound 

amplitudes employed were 25%, 50% and 75%. Seaweed samples were dried by hot air and 

measured until constant weight was obtained. Results obtained showed that ultrasound 

pretreatment can help increase the rate of drying seaweed. Both ultrasound pretreatment time 

and amplitude influence the rate of drying. 

 

Introduction 

 

Dried seaweed has been an important part of human diets for several centuries and is 

particularly popular in Japan and China. Seaweeds are rich in nutrients such as iodine, 

calcium, carotenes, Vitamin A as well as Vitamin C (Rodrigueza et al. 2003). Seaweeds come 

from marine sources and are generally dried before consumption. Conventional air-drying is 

energy intensive and consequently cost intensive because of the simultaneous heat and mass 

transfer process accompanied by phase change (Fernandes and Rodrigues 2007). Undesired 

food flavor, color composition and vitamin degradation may occur during drying (de la 

Fuente-Blanco et al. 2006). Therefore, new food processing technologies are required to 

achieve safer, fresher and better quality foods at low costs. The emerging ultrasound assisted 

air-drying technique seems to be a reliable and promising dehydration method, as the power 

ultrasound can operate at low temperature and consequently reduce the probability of food 

degradation (de la Fuente-Blanco et al. 2006). Power ultrasound generates waves that can 

cause a rapid series of alternative contractions and expansions, in a similar way to a sponge 

when it is squeezed and released repeatedly, the so-called sponge effect (Fernandes et al. 

2008). The forces involved by this mechanical mechanism can be higher than surface tension 

which maintains the moisture inside the capillaries of the food products creating microscopic 

channels that may lead to the moisture easily removal (Azoubel et al. 2010). In addition, 

ultrasound can produce the phenomenon called cavitation in liquid system, which relies on 

appearance, growth and collapse of bubbles inside the liquid. The collapse of bubbles can 

produce rapid pressure and temperature to help removal of moisture strongly attached, as well 

as inactivation of enzyme, which may be beneficial to food preservation. The sponge effect 

caused by ultrasound may help create microscopic channels in porous foodstuffs, which 

reduce the diffusion boundary layer and increase the convective mass transfer (de la 

Fuente-Blanco et al. 2006, Mulet et al. 2003).  

 

The objective of this study is to investigate ultrasound applied as a pre-treatment before 

air-drying and its effect on the drying kinetics of seaweed.  
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Materials and methods 

 

Materials 

 

Seaweed (Ascophyllum Nodosum) was harvested and supplied by Arramara Teo. Co. Galway, 

Ireland. Prior to further experiment, it was stored at 4 .   

 

Ultrasound pretreatment 

 

Nine samples (3 3) were prepared (weight: 50 g) for the experiment, excluding the 

controlled sample. Each sample was immersed in distilled water (volume: 200 ml) and placed 

in a beaker and the pretreatment was carried out at ambient temperature. The power Sonics 

ultrasound unit had a frequency of 20 kHz and a power of 1500 kW. The ultrasound energy 

was applied for 5, 10 and 15 minutes (3 parameters) at amplitude of 25%, 50% and 75% (3 

parameters). Details are shown below on Table 1. After the ultrasound pretreatment the 

seaweed samples were spread on the absorbent paper until the surface moisture were 

substantially removed. Then the samples placed on the plates and were air dried in an oven 

(Gallenkamp plus II). Before and after ultrasound pretreatment, the mass of the samples were 

measured. 

 

Table 1 Details on ultrasound pretreatment time and amplitude of seaweed samples 

 

Sr No. 

Time 

(min) 

Amplitude 

(%) 

1 5 25 

2 5 50 

3 5 75 

4 10 25 

5 10 50 

6 10 75 

7 15 25 

8 15 50 

9 15 75 

10 Control 

 

During the air-drying process, the weights of the seaweed samples were recorded every 10 

minutes for the first 120 minutes, followed by measurements every 60 minutes until constant 

weight attainment. The measure of weight was carried out by weight balance with three 

decimal points. Weight reduction of the samples for each weight reading was used to calculate 

the moisture content (MC) with the following formula: 

Moisture Content (MC) = 
	 	

	 	 	
 = 
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Results and discussion 

 

The experiment is now ongoing and further development and investigation are still needed. 

Preliminary results are shown in Figures 1&2. The curves show that moisture content of 

pretreated samples decreased more quickly than that of non-pretreated sample. This 

demonstrates that ultrasound can help speed up reduction of moisture content in seaweed 

samples. From the perspective of pretreatment time, the curve of 15 min in Figure 1 seem to 

be more abrupt than the others, indicating that the more pretreatment time applied, the more 

effective drying will be achieved, prior to the same amplitude of 75%.  

 

Figure 1. Effect of pretreatment time on ultrasound assisted air-drying of seaweed (75% 

Amplitude) 

 

 

Figure 2. Effect of pretreatment amplitude level on drying kinetics (10 minutes pretreatment) 

0

20

40

60

80

100

0 100 200 300 400 500

M
o
is
tu
re
 C
o
n
te
n
t 
(%

 w
.b
.)

Time/min

Effect of pre‐treatment time on drying 
kinetics

5 min
10 min
15 min
Control

480, 0480, 0480, 0, 00

10

20

30

40

50

60

70

80

90

0 50 100 150 200 250 300 350 400 450 500

M
o
is
tu
re
 C
o
n
te
n
t 
(%

 w
.b
.)

Time/min

Effect of amplitude level on drying kinetics 

25% Amplitude

50% Amplitude

75% Amplitude

Control

26



Figure 2 shows the same trend as Figure 1, which is the higher the amplitude, the more abrupt 

the curves and consequently the more decreased the drying time. 

 

Power ultrasound raises cavitation effects to generate heat and pressure to the liquid system, 

which help weaken the seaweed cells by compression and expansion. During the air-drying 

process, mass transfer processes are easier than that of non-pretreated. However, the effects 

are not obvious between the pretreated samples and non-pretreated, mainly because of some 

unavoidable deviations during the drying process such as rehydration during the weight 

period and hot spots and cold spots on the oven. Further experimental analysis is required. 

 

Conclusion 

 

Ultrasound assisted air-drying improves the efficiency of seaweeds drying and reduces 

dehydration time. The results indicate that increased pretreatment time and amplitude will 

have a positive effect on seaweed drying rate. 
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Abstract 

Drying is one of the most important preservation processes for apples. Microwave-vacuum 

drying is an innovative combined drying method, which carries both benefits of microwave 

drying and vacuum drying. Currently, several vegetables and fruits are successfully 

microwave- vacuum dried and experimental data fitted using models such as the Lewis, Page, 

Henderson and Pabis model, etc. This project aims to describe microwave-vacuum drying 

characteristics of apples and compare the suitability of several models under different 

operating conditions. 

 

Introduction 

Apple is a popular fruit, which contains large amounts of minerals and vitamins. Like most 

other moist fruits; it also contains large amounts of moisture, up to 85.5% of its weight, and 

12-14% of carbohydrates (Kaleta et al., 2013). Dehydration (or drying) is one of the most 

ancient and important food preservation methods, which reduce the moisture content of food, 

and prevent food spoilage caused by microbial activity and chemical reactions (Ghio et al., 

2000). Studies have shown several methods which can be successfully applied for drying 

apples, e.g., solar drying, hot air drying, freeze drying, vacuum drying, microwave drying, 

infrared drying, microwave-vacuum drying, etc. (Mandala et al., 2005; Wang et al., 2007; 

Ghio et al., 2000; Nowak and Lewiciki, 2004). Microwave-vacuum drying combines the 

advantages of both vacuum drying and microwave drying, and improves energy efficiency 

and product quality (Cui et al., 2004; Giri and Prasad, 2007). Several food products have been 

successfully dried with the employment of microwave-vacuum drying (Cui et al., 2004; 

Drouzas & Schubert, 1996). 

The objective of this study is to investigate the drying kinetics of apple slices in 

microwave-vacuum drying under different conditions, using different models. 

 

Dried apple and drying methods 

Drying processes are known as one of the oldest food preservation methods, which can 

improve food safety and quality (Ghio et al., 2000). Dried apples can be eaten directly or used 

as an ingredient, since they are known as important components in various prepared food 

products, e.g., snack preparations, integral breakfast and other varieties (Kaleta et al., 2013). 

A widely used conventional drying method is hot-air drying, however, the high operating 

temperature and long drying time may cause a decrease in the food nutritive and sensorial 

values, e.g., flavour, colour and nutrients damage (Mandala et al., 2005). Recently, there are 

also several innovative drying techniques, e.g., freeze drying, infrared drying, explosion 

puffing drying, etc., successfully applied to apple and apple products (Mandala et al., 2005; 

Wang et al., 2007; Ghio et al., 2000; Nowak and Lewiciki, 2004). 
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Microwave-vacuum drying 

With the development of the food industry, food processing aims attributes to keep the 

original colour, flavour, taste and nutrients of food, whenever possible; however, drying 

processes affect food characteristics significantly. Microwave-vacuum drying is an innovative 

drying method, compared to conventional drying methods, with high drying rate and uniform 

heating (Cui et al., 2004; Giri and Prasad, 2007), low operating temperature, and low energy 

consumption (Giri and Prasad, 2007). It also extends shelf life and retains good food quality 

attributes such as nutrient content, rehydration capacity, product quality (Lin et al., 1998; Giri 

and Prasad, 2007), etc. 

 

Principle of microwave-vacuum drying 

Microwave is a distinct heating method. Compared to conventional heating processes, in 

which heat is transferred into a material from its surface, microwave can directly penetrate 

foods and generate heat inside the foods during microwave heating. The evaporation of water 

inside the foods reduces the moisture content; meanwhile, the water vapour generates a 

relatively high internal pressure. Hence, this differential pressure acts as a force, pushing the 

water out of the foods, and increasing the dehydration rate. Therefore, there are several 

advantages of microwave drying, such as reduction of drying time, lower energy consumption, 

high-quality product, etc. (Wang et al., 2007). 

Vacuum drying is usually completed heat conduction, to transfer heat to food material. As the 

saturated vapour partial pressure of water corresponds to a certain saturation temperature, the 

greater the vacuum degree, the lower the saturation temperature of the water, also, the easier 

to evaporate moisture and dry the product (Giri and Prasad, 2007). At the same time, vacuum 

conditions generate the pressure difference between inside and outside of the food, thus, 

accelerating vapour transfer. Practically, vacuum drying is usually combined with other 

drying technologies, for instance freeze drying (Menlik et al., 2010). 

Microwave-vacuum drying combines the advantages of the both technologies, which Giri and 

Prasad (2007) concluded that ‘the low temperature and fast mass transfer conferred by 

vacuum combined with rapid energy transfer by microwave heating generates very rapid, low 

temperature drying and thus it has the potential to improve energy efficiency and product 

quality’. 

 

Application of microwave-vacuum drying 

Microwave-vacuum drying is a rapid, highly efficient and low temperature drying method, 

with the first application of microwave-vacuum drying reported in the 1970s, and it has been 

successfully applied for several food materials (Cui et al., 2004). 

Drouzas and Schubert (1996) dried banana slices with microwave-vacuum drying. The dried 

product displayed good taste, flavour and rehydration characteristics, and there was no qua.iry 

difference between freeze drying and microwave-vacuum drying slices could be observed. 

Bondaruk et al. (2007) reported that microwave-vacuum dried potatoes presented better 

colour change and less loss of starch and sugar, compared to convection dried potatoes. 

 

Drying kinetics of microwave-vacuum drying 

The mathematical modelling of drying process is one of the important aspects of drying 
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technology. It could be used to predict the drying rate and efficiency under a range of 

conditions, which could also determine the best quality of end product and reduce the drying 

time (Kaleta et al., 2013). Normally, three categories of mathematical models are proposed to 

describe the drying behaviour of food products, i.e., theoretical, semi-theoretical and 

empirical models (Kaleta et al., 2013). 

Semi-theoretical and empirical models are easy to use, based on experiment results. However, 

there are still few applications and the models are only valid in a limited range of drying 

conditions (Kaleta et al., 2013). In general, the semi-theoretical models are based on the 

solution of Fick’s second law by simplification, while the empirical models are the expression 

of relationship between average moisture content and drying time (Kaleta et al., 2013). The 

change in moisture during drying is normally expressed as moisture ratio (MR), defined as: 

MR 	   (1) 

where, M is the moisture content (db) at time t; Me is the equilibrium moisture content (db); 

M0 is the initial moisture content (db). 

According to some studies, among various models, Lewis (Newton) model, Eq. (2), Page 

model, Eq. (3), and Henderson and Pabis model, Eq. (4), are the most frequently used to 

model the drying of different food products. Other models, e.g., the Modified Page model, the 

Logarithmic model, and the Two-term exponential model, can also be fitted to some 

experimental conditions (Kaleta et al., 2013; Giri and Prasad, 2007; Wang et al., 2007). 

MR exp	 kt    (2) 

MR exp	 k    (3) 

MR a ∙ exp kt b ∙ exp gt c ∙ exp	 ht    (4) 

where, k, n, a, b, c, g and h are the model constants; t is drying time in min. The correlation 

coefficient (r), root mean square error (RMSE) and chi-square (χ2) between modelled MR and 

experimental data are used to determine the model’s performance (Kaleta et al., 2013; Giri 

and Prasad, 2007; Wang et al., 2007). 

Giri and Prasad (2007) tested and compared the validity of two different models (i.e., the 

Lewis model, Eq. (2) and Page model, Eq. (3)) to mushroom treated by microwave-vacuum. 

As a result, Giri and Prasad (2007) reported that both the Lewis and Page model could 

describe the microwave-vacuum drying data adequately. An exponential model was also 

successfully applied for beetroots dehydration by combination of convective and 

vacuum-microwave methods, by Figiel in 2009. 

 

Proposal and expected results 

As the experimental work is on-going, only proposal and expected results are shown here. 

Apple samples are pre-treated, sliced and dried with 1 min microwave pulses followed by 3 

min breaks. The weight of samples is recorded at every 12 min; the variables chosen for 

microwave-vacuum drying experiments are microwave power density (Q), system pressure (P) 

and thickness of the slices (T). The Lewis model, Page model and Henderson and Pabis 

model will be tested for their validity to describe the microwave-vacuum drying of apple 

slices. 

The relative contributions of these variables to the drying characteristics are expected to be 

obtained, as well as a drying equation for each level. 
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Conclusion 

Drying is an important process for preservation of apple and other food products. Nowadays, 

different drying technologies have been applied for apple and apple products. This paper 

reviews an innovative drying technology (microwave-vacuum drying) and its drying kinetics. 

Although it has been successfully applied for some food materials, its utilization feasibility 

for apple drying and its drying kinetics should be considered and studied. 
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POWER ULTRASOUND ASSISTED EXTRACTION OF ALGAL BIOACTIVES  

S. Kadam and C.P. O’Donnell 
School of Biosystems Engineering, University College Dublin, Belfield, Dublin 4, Ireland. 
 

Abstract  

Marine algae are a rich source of bioactives. Bioactives are particularly sensitive to extraction 
techniques based on heat or solvent use. In addition, these techniques are time consuming and energy 
intensive. This study investigates the potential of a novel technology namely power ultrasound for the 
extraction of phenolic compounds from algae. The effect of power ultrasound extraction will be 
assessed by analysing total phenolic content and antioxidant activity. Preliminary results indicate that  
power ultrasound will enhance extraction of bioactives from algae. 

Introduction 

The sea is habitat to half of the global biodiversity and is the largest remaining reservoir of bioactive 
compounds (Aneiros and Garateix, 2004). Marine algae are generally described as unicellular or 
multicellular, macroscopic and benthic marine plants. Based on their external appearances, marine 
algae can be categorised into different groups, namely, Rhodophyceae (red algae), Chlorophyceae 
(green algae), Phaeophyceae (brown algae) and Cyanophyceae (blue green algae). The colour of 
marine algae is attributed to pigments such as phycobiliproteins for red, chlorophyll for green and 
pheophyta for brown algae (Mohamed et al., 2012). 

There is increasing awareness of foods as a source of functional health ingredients. Marine algae by 
virtue of their abundant availability in the marine ecosystem have the potential to become excellent 
sources of bioactive compounds such as dietary fibre, omega-3 fatty acids, carotenoids, vitamins and 
minerals. The bioactive potential of different marine algae has been extensively reviewed in the 
literature (Gupta and Abu-Ghannam, 2011, Holdt and Kraan, 2011, Kadam and Prabhasankar, 2010, 
Li et al., 2011, Lordan et al., 2011, Mohamed et al., 2012, Vo and Kim, 2012, Wijesinghe and Jeon, 
2012). 

Bioactives are sensitive to extraction techniques based on heat or solvent use. In addition, these 
techniques are time consuming and energy intensive (Puri et al., 2012). It is necessary to identify and 
develop new efficient extraction processes to utilise the bioactives present in marine algae. Marine 
algae researchers have been working on the development of novel techniques that are more efficient 
in terms of yield, time, cost and in addition are environmentally friendly. Extraction technologies such 
as power ultrasound assisted extraction (UAE) have been successfully used in food and 
pharmaceutical applications for extraction of bioactive compounds. The Objevctive of this study is 
to investigate the potential of a novel technology namely power ultrasound for the extraction of 
phenolic compounds from algae. 

Ultrasound extraction 

Ultrasound waves are high frequency sound waves above the hearing capacities of humans i.e. above 
20 kHz. Unlike electromagnetic waves, they are mechanical waves, which pass through solid, gas and 
liquid media. These waves propagate by rarefactions and compression. These expansions cause 
negative pressure in the liquid. If the pressure exceeds the tensile strength of the liquid then formation 
of vapour bubbles occurs. These vapour bubbles undergo implosive collapse in strong ultrasound 
fields which is known as cavitation (Luque-Garcı́a and Luque de Castro, 2003). The implosion of 
cavitation bubbles generate macro-turbulence, high-velocity inter-particle collisions, and perturbation 
in micro-porous particles of the biomass (Shirsath et al., 2012). Cavitation near liquid–solid interfaces 
directs a fast moving stream of liquid through the cavity at the surface. Impingement by these micro-
jets results in surface peeling, erosion, and particle breakdown facilitating release of bioactives from 
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the biological matrix. This effect increases the efficiency of extraction by increasing mass transfer by 
eddy and internal diffusion mechanisms (Vilkhu et al., 2011).  

UAE technology for bioactives has been employed from lab scale level to large-scale industry 
operations i.e. full scale commercialised extraction applications (Chemat et al., 2011). Studies 
investigated the effects of UAE combined with other novel technologies have also been carried out 
(Vilkhu et al., 2008). Klejdus et al. (2010) developed a hyphenated technique using UAE-SFE 
followed by fast chromatography with tandem mass chromatography for extraction of isoflavones 
from algae. In their study UAE was employed as a pre-treatment using an ultrasonic bath or 
ultrasound probe instrument. For longer treatment times the probe instrument was shown to be more 
efficient. Cravotto et al. (2008) studied a combination of UAE and MAE, to extract vegetable oil rich 
in docosahexaenoic acid (DHA) from marine microalgae. The disruption of the tough algal cell wall 
with ultrasound improved the extraction yield to 25.9% compared to 4.8% using Soxhlet. Dominguez-
Gonzalez et al. (2005) investigated trace elements in Atlantic marine algae using inductive coupled 
plasma optical emission spectroscopy (ICP-OES). It was found that ultrasound at 17 kHz, temperature 
of 65 °C, and pre-treatment time of 10 min were the optimum conditions for extraction. Table 1 
outlines the main reported applications of UAE for bioactives from marine algae. 

Table 1. Reported applications of ultrasound assisted extraction for bioactives from marine algae 

Marine algae 
Bioactive 
compound 

Conditions Reference 

Sargassum muticum, Sargassum 
vulgare, Hypnea spinella, 
Porphyra sp., Undaria 
pinnatifida, Chondrus crispus and 
Halopytis incurvus 

Isoflavones Sonication treatment 
time 30 min  

(Klejdus et al., 2010) 

Porphyra and Palmaria (red 
marine algae) and Undaria 
pinnatifida, Himanthalia 
elongata, and Laminaria 
ochroleuca (brown marine algae) 

Minerals Frequency of 17 
kHz, temperature of 
65 °C 

(Domínguez-González 
et al., 2005) 

 

Materials and methods: 

Ultrasound Treatment: 

Seaweed samples of 50 g were placed in a 400 ml beaker and 200 ml of distilled water at 25 °C was 
added. A 1.5 kW ultrasonic processor (VC 1500, Sonics and Materials Inc., Newtown, USA) 
operating at 20 kHz with a 19 m diameter probe was used for sonication. The energy input was 
controlled by setting the amplitude of the sonicator probe. Extrinsic parameters of ultrasound 
amplitude (24.4, 42.7 and 61.0 μm) and processing time (3 and 10 min) were varied with pulse 
durations of 5 s on and 5 s off. The ultrasound probe was submerged to a depth of 25 mm in the 
sample. Samples were filtered and centrifuged to obtain the clear extracts. 

Total Phenolics: 

0.5 ml extract was mixed with 0.5 ml of Folin–Ciocalteau reagent (prediluted at a ratio of 1:10) and 
0.5 ml of sodium bicarbonate (7.5%, w/v) was added to the mixture. It was made up 10 ml by adding 
distilled water. After standing for 60 min at room temperature, the absorbance was measured at 765 
nm. Results were expressed as μg gallic acid equivalents/g sample. 
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VACUUM COOLING TO IRISH JUMBO SAUSAGES 
 
Chao-Hui Feng, Liana Drummond, Zhi-Hang Zhang, Da-Wen Sun 
School of Biosystems Engineering, University College Dublin, Belfield, Dublin 4, Ireland. 
 
Abstract  

The effects of vacuum cooling (VC) and immersion vacuum cooling (IVC) on cooling and 
quality parameters of Irish Jumbo sausages was investigated in the current experiments. 
Cooling time, mass loss, final achievable sausage core temperature, quality properties 
(hardness, gumminess and springiness, water holding capacity), core colour, and the evolution 
of sausage appearance with different storage times were analysed. Results showed that it was 
difficult for vacuum cooled sausages to reach core temperature below 4 oC. In addition, the 
cooling time to 10.4 oC core temperature (final achievable temperature) for vacuum cooled 
sausages was 72.6 min longer than that of IVC samples. In regard to mass loss, product mass 
loss after VC (7.38%) was significantly higher than that after IVC (1.67%) (P<0.05). 
Accordingly, moisture content of VC samples (52.20%) was significantly lower than that of 
IVC products (55.02%) (P<0.05). However, there were no significant differences in relation 
to instrumental texture, colour and water holding capacity (WHC) (P>0.05). As for 
appearance changes with time, the images displayed that the initial shrunk and uneven 
sausage surface after VC and IVC changed to a smoother surface appearance with time. 
Conclusions can be drawn that it is more suitable to employ immersion vacuum cooling than 
vacuum cooling to cool these products. 

Introduction 

Vacuum cooling is an efficient cooling method which can achieve cooling in a short time 
(Feng et al., 2012). Apart from its rapid cooling rate compared to conventional cooling 
methods like air blast cooling and immersion cooling, it is also regarded as a hygienic (Zheng 
and Sun, 2004) and low energy consumption technology (Thompson and Singh, 2008). 
Nevertheless, only a small number of foodstuffs are commercially cooled by vacuum cooling 
as a result of its higher mass loss and essential porous products requirement (McDonald and 
Sun, 2001).      
Immersion vacuum cooling is a novel modified vacuum cooling system which aims at 
reducing the cooling loss while maintaining a high cooling rate. Several literature sources 
have previously addressed its application to unpacked and unwrapped meat products such as 
chicken breast (Schmidt et al., 2010), beef (Houska et al., 2003) and large cooked pork ham 
(Cheng and Sun, 2006). Scarcely had research on VC or IVC of sausage been explored. 
Fresh sausages are very perishable products and it is fundamentally important to chill as 
quickly as possible after cooking to maintain its safety. Based on its rapid cooling rate, both 
vacuum cooling and immersion vacuum cooling show potential for application to chill cooked 
sausages.  
 
The objective of the current work was thus to experimentally study the feasibility of 
using IVC and VC to cool cooked sausages and the two different cooling methods were 
compared afterwards.    
 
Materials and Methods 

Samples preparation 
Regular Irish jumbo sausages (natural-hog casing) were purchased from a local butcher 
(Fenelons Butchers, Stillorgan, Co. Dublin, Ireland). Every four linked sections composed an 
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experimental unit. The average diameter, length and weight of each section were 3.05 cm, 
9.39 cm and 71.80 g, respectively.  
 
Cooking and cooling procedures 
A convective oven (setting at 83 oC, Model FCV6, Zanussi, Italy) was employed to steam 
cook each sample unit until core temperature reached 72 oC (for 2 minutes). Afterwards, 
sausages were cooled by either vacuum cooling or immersion vacuum cooling. Samples were 
placed on a shelf in vacuum chamber for VC while samples for IVC were put in a transparent 
5000 ml beaker and covered completely with hot water (80 oC). Two wired mesh were 
employed to hold the sample submerged. A special lid, suspended a certain distance above the 
beaker, was used to restrict splashing without preventing generated steam to escape. The 
pressure drop was carefully adjusted manually by the main and bleeding valves, to prevent 
bursting of sausage casing during VC and IVC processing and also to avoid vigorous water 
boiling during IVC. The final chamber pressure was maintained at approximately 7 mbar to 
avoid freezing. 6 repetitions were conducted for each cooling method and afterwards all 
samples were vacuum packaged and stored in a cold room (4 oC) for further analysis.  
 
Data acquisition during cooking and cooling 
A thermocouple (T-Type, Radionics, Ireland) was used to monitor the core temperature of a 
sausage in each test during cooking and cooling procedure as well as the water temperature 
during IVC cooling. Chamber pressure was measured by a pressure transducer (750B, MKS, 
Germany) during the cooling procedures. Pressure and temperature data were recorded by a 
data acquisition system (SCXI 1000, National Instrument, USA), controlled by Labview (v4.1, 
National Instruments) with 1s acquisition interval.   
  
Mass loss and physico-chemical properties analysis 
Mass loss was calculated by the proportions of weight differences (before cooking and after 
cooling) and raw weight. 
Five sausage cores (height = 20 mm, diameter = 25mm), obtained from each natural-casing 
cooled sausage sections, represented the whole unit of sample for texture profile (TPA) and 
colour analysis. Before TPA, a tristimulus colorimeter (Chroma CR 300; Minolta Ltd, Osaka, 
Japan) was applied to detect the colour of each unit sample. For textural profile analysis, 
sausage cores were compressed twice using a 500 N load cell (5 cm/min crosshead speed) 
fixed to an Instron universal testing machine (Model No. 5544; Instron Corporation, High 
Wycombe, UK) with a 50% compression rate. The parameters of hardness, cohesiveness, 
springiness, chewiness and gumminess were utilized for the evaluation of the overall texture.  
WHC was determined by a modified centrifuge method: 5 g sausage cores (acquired from 
central sausage using a 16.5 mm diameter meat borer) were wrapped with dry cheesecloth and 
centrifuged at speed of 9000 × g for 10 min (4 oC, Sorvall Model Superspeed RC2 – B, Du 
Pont Instruments, USA). The WHC was calculated using the equation: 

                                                                                                         (1) 

where Ma and Mb are the weight after and before centrifugation, respective. The average of 
three replications was used to represent each sample.  
Sausage moisture content was determined by drying the batter content in an oven at 105 oC 
overnight in triplicate.  
The evolution of product appearance was assessed by images, captured by camera 
immediately after cooling, after 4 days storage in vacuum packages in a cold room (4 oC), and 
after continuous exposure at room temperature for 3 hours. 

Statistical analysis  
The experimental data was analysed by one-way ANOVA program. Software SPSS (v11.5, 
USA) was used in the statistical analysis. 
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Results and Discussion 

Cooling profile of sausages for different cooling methods  
The cooling and quality parameters for each cooling method are shown in Table 1. It was 
discovered that the final temperature for VC samples could only reach 10.4 oC while the final 
achievable temperature for IVC samples was 4.3 oC. Pressure reduction rate between the two 
methods were statistically insignificantly (P>0.05), however, IVC average cooling time to 
10.4 oC (23.1 min) was only a quarter of that of VC cooling time (95.7 min) and it took only 
another 18.5 minutes for IVC samples to achieve a final temperature below 4 oC. The visible 
formation of a lipid layer on the batter surface and the drying out of the casing towards the 
end of vacuum cooling would be responsible for the extremely long cooling time and high 
final temperature for VC samples. Vacuum cooling is mainly based on water evaporation 
(McDonald and Sun, 2001), and hence led to the drying out of the products, especially at the 
surface. During the later stage of VC, the generated solid lipid layer at low temperature and 
the dying of the casing became a hindrance for water evaporation, resulting in a decrease of 
cooling rate and impeding further temperature drop. Unlike vacuum cooling, food products 
cooled by IVC experienced not only water evaporation but also thermal conduction and 
convection. It was demonstrated that the conduction and convection played an increasing role 
in the later stage of IVC (Cheng and Sun, 2006). Analysing the experimental data indicated 
that the surrounding water temperature dropped much quicker than that of sausages. A 
temperature difference (23.2 oC) was generated between sausage core and surrounding liquid, 
promoting heat transfer. Further investigation revealed that water temperature gently 
increased after 18 minutes (total cooling time 41.6 min, from 72 to 4.3 oC), which validated 
the heat exchange between the chilled water and sausages.   
Regarding mass loss of sausages, a significant difference was observed between the two 
cooling treatments (P<0.05). High cooling loss for VC samples could be explained by the 
significant water evaporation, which was consistent with previous experimental findings 
(Desmond et al., 2000). In relation to samples cooled by IVC, the lower mass loss was 
probably due to the maintenance of a moist product surface, resulted from the presence of the 
chilling water around.   
  

Table 1: Parameters for immersion vacuum cooling and vacuum cooling of sausages 
Parameters IVC VC 

Mass loss (%) 1.67a 7.38b 
Pressure reduction rate*(mbar/min) 72.72a 90.89a 
Cooling rate (oC/min)** 1.66a 0.66b 
Cooling time To 10.4 oC 23.1a 95.7b 

To 4.3 oC 41.6 ---- 
TPA Hardness (N) 42.78a 45.22a 

Springiness (%) 5.47a 5.68a 
Cohesion 0.29a 0.29a 
Gumminess (N) 12.49a 12.85a 
Chewiness (N·mm) 69.83a 73.58a 

Water Holding Capacity (%) 92.38a 92.11a 
Moisture (%) 55.02a 52.20b 
CIE colour L* 67.17a 67.48a 

a* 7.23a 7.56a 
b* 7.58a 7.40a 

Note: * from 994.4 to 6.8 mbar; ** from 72.2 oC (Ti) to 10.4 (VC) (Tf) and 4.3 oC (IVC)(Tf). Means with different 
letters with a row are significantly different (P<0.05). L*: lightness; a*: red/green; b*: yellow/blue 
 
Physical and chemical profile of sausages 
Table 1 also specifies the physico-chemical properties of sausages cooled by IVC and VC. No 
significant differences (P>0.05) were observed in all physical properties which included TPA 
properties, water holding capacity and objective colour. The only differences detected were in 
moisture content, where moisture content of IVC samples was significantly higher than that 
of VC samples (P<0.05). This could be due to the already mentioned extensive water 
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evaporation during VC processing. For IVC, the moist environment compensates the water 
loss with the evaporative cooling principle and hence led to higher water content.  
Figure 1 depicts sausages with different cooling treatments captured immediately after 
cooling, 4 days after vacuum package storage in a 4 oC cold room and after subsequent 
exposure at 25 oC for 3 hours. It can be evidently noticed that the visual surface of sausages 
changed from rather rough after cooling (either by vacuum or immersion vacuum cooling) to 
comparatively smoothly after 96 hours storage. This is likely due to the elastic and 
hygroscopic characteristics of the natural casing.  

Figure. 1: Comparison of sausage cooled by vacuum cooling and immersion vacuum cooling  
Note: (a) (d) immediately after cooling; (b) (e) vacuum pack after 4 days cold room storage (4 oC); (c) (f) vacuum 
package sample after 3 hours exposure (25 oC) of the same 4 days cold room storage (4 oC)  

 
Conclusions 

It was found that it is more feasible to employ immersion vacuum cooling to chill cooked 
sausages than VC. Results illustrated that IVC did not present some negative effects which 
usually occur to VC samples and it showed the shorter cooling time and lower cooling loss 
achievable in comparison to VC samples. In regard to the visual appearance evolution, the 
surface of both VC and IVC samples was improved with storage time.  
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Abstract 

 
The influences of different factors, including extraction time, extraction temperature, 
solvent-to-solid ratio and solvent composition, on the extraction yields of total phenolics and 
total anthocyanins during ultrasound-assisted extraction from wine lees were investigated in 
this paper. An ultrasound bath system with the frequency of 40 kHz was used and the acoustic 
energy density during extraction was identified to 48 W/L. The extraction yields increased 
markedly in the first 10 min of sonication. In the meantime, the extractions yields increased 
along with the increase of extraction temperature and solvent-to-solid ratio in the current 
experimental range. Furthermore, it was found that 50% aqueous ethanol was most effective 
to extract phenolic compounds from wine lees samples. The experimental range of each factor 
determined for further optimization of the extraction process included 20-40 min for 
extraction time, 40-60 oC for extraction temperature, 30:1-50:1 for solvent-to-solid ratio and 
40-60% for ethanol concentration. 
 
Introduction 

 
Wine lees are a kind of by-products derived from the wine-making process, which are mainly 
composed of yeasts, inorganic compounds, phenolic compounds and tartaric esters 
(Pérez-Serradilla and Castro, 2011). In most cases, wine lees can be used during wine aging, 
aiming at improving the quality of wine (Tao et al., 2013a). On the other hand, wine lees can 
be considered as the raw materials for the extraction of phenolic compounds. As a group of 
biologically active compounds, phenolic compounds are well-known for their 
health-beneficial properties ascribed to their antioxidant and antiradical activities (Heim et al., 
2002). 
Ultrasound is regarded as a promising technology for the extraction of phenolic compounds 
from solid materials due to its beneficial properties, involving high extraction efficiency, high 
reproducibility, low solvent consumption, easy-operating, low cost and low pollution to 
environment (Tao and Sun, 2013b). However, the feasibility of using ultrasound for the 
extraction of phenolic compounds from wine lees has not yet been explored.  
 
The objective of this article is to investigate the effects of different factors, including 
extraction time, extraction temperature, solvent-to-solid ratio and solvent composition 
on the extraction yields of total phenolics and total anthocyanins during the 
ultrasound-assisted extraction process from wine lees.  
 
Materials and methods 

 

Wine lees 
Wine lees were kindly donated by Château Pouget (Margaux, France), which were obtained 
through raking after the alcoholic fermentation of a mixture of grape varieties (Cabernet 
Sauvignon 60%, Merlot 30%, Cabernet Franc 10%). Our preliminary study found that the 
extracts from these wine lees samples exhibited strong antioxidant capacity in vitro (data not 
shown). The solid phase of wine lees was first dried in an oven at 40 °C for 48 h, and then 
milled in a mortar manually. The powdered samples were sieved to select particles smaller 
than 0.6-mm and stored at 4 °C until use. 
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Ultrasound-assisted extraction from wine lees 
An ultrasonic bath system (MC300, Elma Hans Schmidbauer GmbH & Co. KG, Singen, 
Germany) was used for extraction. Ultrasonic energy was delivered from the bottom to the 
water in the tank with a relatively constant frequency of 40 kHz. The water inside the bath 
was flowing through a circulator (LTD 6G, Grant, Cambridageshire, United Kingdom). Thus, 
the temperature during extraction could be controlled.  
Dried wine lees and aqueous ethanol solution (50 mL) were placed in an Erlenmeyer flask 
(250 mL). The flask containing the mixture was then immersed in the ultrasonic bath and 
fixed well in the same position during sonication. The calorimetric method was used to 
determine the actual power dissipated in this flask (Mason et al., 1992) and the acoustic 
energy density was calculated by dividing measured power with the volume of solution inside. 
In the current study, the acoustic energy density inside the aqueous ethanol solution was 
determined to be 48 W/L. Furthermore, the ultrasonic extraction was carried out continuously 
without any intervals. After extraction, the crude extracts were centrifuged at 12000 rpm for 
10 min. The supernatant was collected and stored in a dark room at 4 oC until analysis.  
 
Determination of total phenolics and total anthocyanins contents in the extracts 
The determinations of the total phenolis and total anthocyanins contents in the extracts were 
performed in a VWR UV-3100PC spectrophotometer (VWR International, Auckland, New 
Zealand). Total phenolics content was determined by the reaction with Folin-Ciocalteu 
reagent and the result was standardized against gallic acid and expressed as mg gallic acid 
equivalents per gram of the dried wine lees sample (Singleton and Rossi, 1965). Total 
anthocyanins content was determined using the method described by Ivanova et al. (2011) and 
the result was expressed as mg malvidin-3-glucoside equivalents per gram of the dried wine 
lees sample. All the samples were measured in triplicates.  
 
Experimental design 
The effects of different experimental factors on the extraction yields of total phenolics and 
total anthocyanins during sonication were studied by single-factor experimental design. The 
following factors were examined for their effects on the extraction yields: extraction time (5, 
10, 15, 30, 60 and 90 min), extraction temperature (20, 30, 40, 50, and 60 oC), solvent-to-solid 
ratio (50:1, 40:1, 30:1, 20:1, 10:1 and 8:1, mL/g) and ethanol concentration in the aqueous 
ethanol solution (10, 30, 50, 70 and 90%). The general ultrasonic conditions were shown as 
follows: an extraction time of 15 min, an extraction temperature of 40 oC, a solvent-to-solid 
ratio of 40:1 and an ethanol concentration of 50%. All the treatments were carried out in 
triplicates.  
 

Results and discussion  

 
There are several factors that can affect the extraction efficiency during ultrasound treatment, 
including both ultrasonic and non-ultrasonic factors (Tao and Sun, 2013b). In the current 
study, one ultrasonic factor, namely the ultrasonic duration (extraction time) and three 
non-ultrasonic factors, i.e., extraction temperature, solvent-to-solid ratio and solvent 
composition were taken into account. Figure 1 presents the influences of the aforementioned 
factors on the extraction yields of phenolics from wine lees.  
An almost instantaneous increase of the concentrations of phenolic compounds in the liquid 
phase was found after the wine lees particles were added into the solvent at t=0 (Figure 1a). 
This phenomenon is termed washing out, which mainly resulted from the rapid dissolution of 
the easily accessible components from the surface area of wine lees particles into solvent 
(Bucić-Kojić et al., 2013). In the next 10 min of sonication, the extraction yields of total 
phenolics and total anthocyanins increased markedly. The structure of the particles is 
supposed to be disrupted by ultrasonic cavitation at this stage and the diffusion process of 
inner phenolic compounds into exterior solvent was accelerated consequently. After that, the 
extraction yields increased slowly.  
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In the meantime, the extraction yield of total phenolics increased along with the increase of 
extraction temperature (Figure 1b). This phenomenon is reasonable since a high temperature 
can accelerate the softening and swelling of the raw materials, increase the solubility of 
extracted compounds (Tao and Sun, 2013b).  
Regarding the influence of solvent-to-solid ratio on extraction yields, it was found from 
Figure 1c that the extraction yields of total phenolics and total anthocyanins were the highest 
when the solvent-to-solid ratio was also highest in the current experimental range. This result 
was desired since a high solvent-to-solid ratio can facilitate the ultrasonic extraction process 
due to a high concentration gradient between the solid raw materials and the bulky solvent, 
which is the driving force during mass transfer (Tao and Sun, 2013b).  
In addition, the solvent used for extraction in this study is aqueous ethanol since ethanol is 
one of the most popular solvents used for extraction of phenolic compounds and it is also a 
safe solvent in the food industry. The effect of ethanol concentration on the extraction yield is 
illustrated in Figure 1d. As can be seen, the highest extraction yields of total phenolics and 
total anthocyanins were obtained when 50% aqueous ethanol was used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
In general, the aforementioned factors can affetc the extraction yields of total phenolics and 
total anthocyanins during sonication. It has been reported that a long ultrasonic duration and a 
high extraction temperature may result in the degradation of extracted compounds while a 
high temperature can also alter the characteristics of ultrasonic cavitation (Tao and Sun, 
2013b). Moreover, an extremely high level of solvent-to-solid ratio can increase cost for 
subsequent operations such as concentration and filtration of the extracts (Zhao et al., 2007). 
As a result, the levels of each factor selected for subsequent optimization were shown as 
follows: 20, 30, 40 min for extraction time; 40, 50, 60 oC for extraction temperature; 30:1, 
40:1, 50:1 for solvent-to-solid ratio and 40, 50, 60% for ethanol concentration in the aqueous 
ethanol solution.  
 

a 
b

d
c 

Figure 1. Influences of extraction time (a), extraction temperature (b), solvent to solid 
ration (c) and ethanol concentration (d) on the extraction yields of total phenolics and 
total anthocyanins.    : total phenolics;   : total anthocyanins. The error bars show 
± standard deviation values. 
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Conclusions 

 
The ultrasound-assisted extraction (40 kHz, 48 W/L) of phenolic compounds from wine lees 
was affected by four factors, including extraction time, extraction temperature, 
solvent-to-solid ratio and ethanol concentration in the aqueous ethanol solution. The current 
study was a screen study for determination of the approximate range of extraction-related 
variables, which can be used for modelling and optimizing the extraction process from wine 
lees in the next step. According to the results presented, as well as the negative influences of 
long ultrasonic duration, high temperature and high solvent-to-solid ratio on the extraction 
process, the experimental ranges of the four factors for further optimization were selected as 
follows: 20-40 min for extraction time, 40-60 oC for extraction temperature, 30:1-50:1 for 
solvent-to-solid ratio and 40-60% for ethanol concentration.  
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Abstract 

In recent years, innovative methods such as ultrasound assisted freezing have been developed 
in order to improve the freezing process. In the present study, ultrasound assisted immersion 
freezing process of potato spheres was evaluated using experimental and numerical 
approaches. Ultrasound (25 kHz, 890 W m-2) was irradiated (total time of 270 s during the 
phase change step) for different duty cycles (DCs) (0, 10, 30, 50, 70 and 100%). A finite 
volume based enthalpy method was used to model the solidification phenomenon and 
numerical simulation of temperature and liquid fraction profiles was carried out by using 
OpenFOAM® CFD software. The results showed that ultrasound irradiation could decrease 
the characteristic freezing time of potatoes. Since ultrasound irradiation increased the heat 
transfer coefficient but simultaneously generated heat at the surface of the samples, an 
optimum DC was needed for the shortest freezing time which occurred in the range of 30-70 
% DC. DCs higher than 70% increased the freezing time. DCs lower than 30% did not 
provide significant effects on the freezing time compared to the control sample. The 
numerical model predicted the characteristic freezing time in accordance with the 
experimental results. As the numerical simulations provided profiles of temperature and water 
fraction within potatoes frozen with or without ultrasound, the models can be used to study 
and control different operation situations, and to improve the understanding of the freezing 
process.  
 

Introduction 
 

Freezing has been one of the most preferred methods for preservation of food and biological 
materials for many years. However, this process is very cost bearing and the cost increases 
significantly with increase of the cooling capacity of the equipment. In addition to this, the 
quality of the product is directly related to the freezing rate. Therefore, the improvement of 
the freezing process and its investigation through experimental and numerical analysis has 
been a center of research for a long time. It has been shown that, the heat transfer process can 
be considerably improved at the presence of an acoustic field due to physical effects induced 
by the propagation of ultrasonic waves in the liquid. Freezing and cooling is among the 
processes assisted by the aid of ultrasound (Kiani et al., 2013). The studies have been 
performed in an experimental scale and further investigations are still needed to understand 
the process, which can be completed by simulation. During freezing of foods, accurate 
predictions of temperature distribution, enthalpy changes, phase ratios, process time and total 
energy requirement are very important. Among a range of approaches proposed for the 
numerical solution of phase change problem the enthalpy formulation provides the most 
accurate results and some improvements such as Kirchhoff transformation of variables or the 
definition of a mushy zone can be implemented (Fikiin, 1996; Pham, 2006).  
The aim of this research is to experimentally evaluate the ultrasound assisted freezing 
process of potato spheres and to compare the results with the numerical solution of the 
heat transfer phenomenon within samples.  
 

Materials and Methods 

Materials studied 
Potatoes (moisture = 80 %, protein = 2 %, carbohydrate = 17 %, ash = 1 %, and freezing point 
= 271.15 K) were purchased from local supermarkets and were cut to make spheres with 0.02 
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diameter measured using a calliper. Thermo-physical properties of potatoes were estimated 
based on their chemical composition according to the literature (Heldman and Lund, 2006; 
McKellar et al., 2009; Otero et al., 2006; Rahman, 2008). The temperature dependent amount 
of ice was estimated using the following equation:  
 

(1)

 

where xice, xwt, xwb, Tfw, Tf0 and T are ice fraction, total water fraction, bound water fraction, 
initial freezing temperature of water, initial freezing temperature of food and T temperature.  
 
Experimental setup 
The ultrasonic cooling equipment has been described in our previous studies (Kiani et al., 
2012, 2013). The apparatus operated at the sound frequency of 25 kHz and the intensity of 
890 W m-2. The temperature of the cooling medium (ethylene glycol and water 1:1 in volume) 
was set to 253.15 K by using a low temperature circulator (FP50, Julabo, Seelbach, 
Germany). Temperatures of the samples and the cooling medium were recorded T-type 
thermocouples (Radionics, Dublin, Ireland). The initial temperature of the sphere was set at 
293.15 K. 
 
Numerical model using the latent heat source term 
For ultrasound assisted freezing, the energy equation can be written based on the enthalpy as:  
 

 

(2)

 

 

(3)

 

 

(4)

 

(5)

 

 
(6)

 
where cvol, k, Sp, SUS, H and QUS are volumetric specific heat (J m-3 K-1), thermal conductivity 
(Wm-1 K-1), source term caused by phase change (J m-3 s-1), enthalpy (J kg-1) and source term 
caused by ultrasound irradiation (J m-3 s-1), respectively. Subscribes ice and w represent water 
and ice, respectively. In our previous study (Kiani et al., 2012), a lumped heat transfer 
equation was developed, using a copper sphere, to calculate the convective heat transfer 
coefficient. The method was used in this study and the values of h were employed in the 
numerical modeling procedure. The phase change model described above was implemented 
into the open source computational fluid dynamics (CFD) software OpenFOAM® (1.6-ext, 
OpenCFD, UK) was used in this study.   
 
Experimental design and statistical analysis 
Ultrasound was irradiated for different duty cycles (10-100%). The numerical results were 
compared with the experimental data. Statistical analysis were carried out using Minitab 
software (Version 16, Minitab, PA, USA) if applicable.  
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Results and Discussion 

 Effect of different duty cycles of ultrasound irradiation on the freezing time of potatoes: 
experimental and numerical results 
Figure 1 exhibits the experimental and numerical temperature curves indicating good 
agreement of numerical and experimental results. Figure 2 illustrates the effect of different 
duty cycles on the characteristic freezing time of frozen potatoes. Statistical analysis of the 
experimental data revealed that except 10% duty cycle, all other treatments (DC from 30 to 
100 %) decreased the characteristic freezing time, significantly. The mean comparison test of 
the treated samples showed p values less than 0.05 for 30 % and 100 % duty cycles while the 
p value for 50 and 70 % were less than 0.01 (more than 99% confidence). Therefore, there 
should be an optimum point for achieving the lowest freezing time, which would fall between 
30 and 70% duty cycles. However 30% duty cycle that consumed the lowest energy for the 
process would be an optimum treatment.  
 

 
Figure 1. Freezing curves of frozen potatoes using immersion freezing method. 

 
 

 
 

Figure 2. Effect of duty cycle on the characteristic freezing time (a) and characteristic 
freezing time reduction percentage (b) of ultrasound assisted frozen potatoes. 

 
Numerical estimation of water fraction within frozen potatoes 
Changes in the water fraction at different positions during freezing of potato spheres are 
shown in Figure 3. Water fraction varied from 0.8 for unfrozen samples to 0.08 for frozen 
samples. Water fraction was remained at 0.8 for around 5 s, 160 s, 260 s and 360 s for 
positions of 0.0099 m, 0.006 m, 0.004 m, and the center, respectively. Then the water fraction 
started to decrease with freezing time, which showed the initiation of freezing at each point. 
Ultrasound assisted frozen potato samples exhibited a faster phase change. In positions closer 
to the surface, the deviation of phase change curve for the ultrasound assisted sample 
occurred sooner. In Figure 3b, contours of water fraction are displayed. The contours show 
that for time steps occurring in the chilling stage, water fractions showed small changes. 
When phase change started, a freezing front was developed with freezing time until the whole 
sample was frozen.  

a b 
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Figure 3. Numerical water fraction curves at different positions (m) during freezing of 
potatoes (a) and water fraction contours for different times during freezing of potatoes with or 
without the aid of ultrasound obtained using numerical simulation (b). 
 
Conclusions 

The results of this study showed that ultrasound irradiation could decrease the characteristic 
freezing time of potatoes. Since ultrasound irradiation increased the heat transfer coefficient 
but simultaneously generated heat at the surface of the samples, an optimum DC existed for 
the shortest freezing time, which occurred in the range of 30-70 % DC. Further increase in 
DC increased the freezing time and reduction in DCs did not provide significant effects on the 
freezing time. The numerical model predicted the characteristic freezing time in accordance 
with the experimental results. Numerical estimations provided accurate results. In addition, 
the simulations provided profiles of temperature and water fraction within potatoes frozen 
with or without ultrasound, thus improving the understanding of the ultrasound assisted 
freezing process. The model can be used to study and control different operation situations.  
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Abstract 

Drying characteristics of some fruits and meats under different microwave vacuum drying 
conditions will be studied systematically. Based on knowledge of moisture and temperature at 
different drying stages, an optimal drying method will be constructed by adjusting operation 
parameters (microwave power density, vacuum level) accordingly at every drying stage.  The 
quality of the dried product (moisture content, texture, water activity, rehydration capacity) 
will be monitored and the use of pre-treatments, such as ultrasound, to maximize heat and 
mass transfer efficiency, decrease energy usage and improve product quality, will be 
evaluated. 

 
Introduction 

Microwave vacuum drying (MWVD) was developed in the late 1980s and combines two 
techniques (microwave drying and vacuum drying). Microwave drying offers a rapid and 
heating-efficient dehydration solution, but often causes local overheating and structural 
damage. Vacuum drying is characterized by low processing temperatures and is ideal for 
materials that could be damaged or changed if exposed to high temperatures, but requires long 
drying periods and high energy consumption. Microwave vacuum drying combines 
microwave drying and vacuum drying’s advantages and offset their disadvantages, realizing a 
rapid drying procedure at lower temperatures, and as a result, yields dried products of high 
quality.  

 
Early research on microwave vacuum drying began at University of Wisconsin and 
University of California in America, University of British Columbia in Canada, University of 
Karlsruhe in Germany, Queen’s University in England and National University of Sciences 
And Technology in Greece (Kiranoudis et al., 1997). In summary, the focus of research on 
microwave in the past thirty years can be divided into three main fields: 1) Mechanisms of 
microwave vacuum drying, including heat and mass transfer and mathematical models of 
drying process; 2) Techniques of microwave vacuum drying, including equipment instalment, 
operation parameters’ determination, and energy consummation’s calculation; and 3) 
Application of microwave vacuum drying to several food materials (banana, carrot, potato, 
kiwifruit, etc.), including studies on final product quality (nutrition, colour, taste, texture and 
etc.). 
 
In this research, our objective is to maximize power utilization and reduce energy 
consumption during microwave vacuum drying. 
 
Compared to other drying technologies (hot air, vacuum, microwave, freeze- and osmotic-
drying), MWVD offers three main advantages.:1) High drying rate, leading to reduced drying 
time; 2) High quality of final product in relation to nutrient retention, fast rehydration, and 
excellent texture; 3) Ideal for automatic process control and contamination free production. 
Firstly, microwave vacuum drying accelerates the drying process due to microwave’s 
penetration properties, which result in a temperature gradient directed towards the surface 
which accelerate mass transfer (i.e. temperatures inside are higher than on the outside giving 
rise to a high partial pressure that drives the evaporating water to the surface). In the research 
of Therdthai & Zhou, microwave vacuum drying of mint leaves to 10% moisture content dry 
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basis, reduced drying time by as much as 85-90% compared with hot air drying (Therdthai 
and Zhou, 2009). Lin et. al. also found that, to dry carrot slices from an original moisture 
content of 91.4% (dry basis) to 10%, the processing period was 33 min when adopting the 
microwave vacuum drying method, while 8h for hot air drying and 72h for freeze drying (Lin 
et. al., 1998). Secondly, Microwave vacuum drying, as a low temperature drying method, can 
maintain nutritional content and flavor of food. Microwave vacuum drying can also eliminate 
surface hardening, causing good rehydration properties. In the research of Lin et. al., the 
percentage losses of β-carotene and vitamin C of carrots were 19.2% and 62%, respectively, 
for traditional hot air drying, but reduced to 3.2% and 21%, respectively, for microwave 
vacuum drying (Lin et. al., 1998). Yousif et. al. found that rehydration rates of MWVD 
products almost equalled that of freeze dried products (Yousif et. al., 2000). It is worth noting 
that microwave vacuum drying is reported to provide a unique and enjoyable crunchy texture. 
Zhang et. al. found that the pressure during drying increased the puffing and crispness of carp, 
resulting in a desirable consumed snack (Zhang et. al., 2007). Thirdly, microwave vacuum 
drying units can be easily fitted into existing facilities, can be easily controlled, and will not 
introduce any pollutant to targeted foods, thus it can result in continuous, automatic and clean 
production. 
 
Despite the fact that a number of published research studies have shown numerous advantages 
of MWVD technology, its application for industrial drying is still limited. There are two main 
obstacles for its widespread use: The first is the difficulty in providing uniformity of drying in 
the product, caused by temperature unevenness during drying, and the other one is related 
with its high cost of installation and maintenance of equipment system. Process running costs 
can be estimated by consumption of 1.6 KWh per 1kg of evaporated water. Thus, microwave 
vacuum drying is not an economical way to dry raw food materials which typically have a 90-
95% moisture content. To accelerate the drying process, and thus achieving a reduced energy 
consumption, scientists have tried ultrasound pre-treatment and the resulting effect was 
proven successful. In the research of Toosia et. al. (2003), kiwifruit was immersed in water to 
which ultrasound was applied, and then dehydrated by vacuum drying. The authors found that 
water diffusivity increased by almost 1000%, compared with that of single vacuum drying. 
The theoretical explanation might rely on the fact that ultrasonic waves can cause a rapid 
series of compressions and expansions, which can create microscopic channels that reduce the 
diffusion boundary layer and increase the mass transfer. Thus, the drying process is expected 
to become faster, resulting in lower energy consumption.  
 
It is worth mentioning that: the first obstacle to wide industrial application of microwave 
vacuum drying, un-even heating, is an intrinsic drawback of microwave drying. It can be 
partly due to the uneven distribution of microwave energy inside the oven, and partly 
attributed to possible fluctuations of the applied electromagnetic field caused by inevitable 
exterior factors of targeted food. The problem is hard to be eliminated completely but can be 
alleviated by a usage of stirrer fans and turntables and recommend standing times.   
 
Therefore, our proposed research will focus on the second problem. The objective of the 
current work is to maximize power utilization and reduce energy consumption during 
microwave vacuum drying. 
 
Materials and Methods 

Microwave vacuum dryer 

 
A laboratory scale microwave vacuum drying system will be set up to carry out drying 
experiments (Figure 1). The system consists of a vacuum desiccator in a microwave oven, 
connected to a vacuum pump through a drying column filled with silica gel. A valve will 
control the pressure inside. Fibre optics monitor the food’s temperature during drying. The 
temperature and pressure data will be acquired by a data logger and recorded into a computer 
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for further analysis. 
 
Operation parameters with different levels will be tested to determine how these process 
parameters affect energy consumption and the quality of dried product (moisture content, 
texture, water activity, rehydration capacity). Different values of operation parameters used in 
preliminary research are listed in Table 1. 
 

 
Figure 1. Schematic figure of microwave vacuum dryer 

 
Table 1. Process parameters and value ranges 

Parameters Frequency Microwave Power (W) Vacuum (mbars) Food Load (g) Shape & Thickness MW Power Density(W/g) Power Mode 

Range 2.45 GHz 100 to 1000 200 to 20 100 to 500 Rings/Slices/Cubes 1 to 3 Continuous/ Intermittent 

 
Ultrasound pre-treatment 
 
Ultrasonic pre-treatment will be used to alter the tissue microstructure of targeted food to 
accelerate drying and reduce energy cost, following the procedure from Toosia et. al. (2003). 
Targeted food will be immersed in water to which ultrasound is applied as pretreatment before 
vacuum drying. Various levels of treatment time will be adopted (0, 10, 20, 30, 40, 50, and 60 
min) to discern how ultrasound treatment time affects the total microwave vacuum drying 
time. The optimal treatment time will be determined to maximize energy efficiency. Drying 
curves will also be obtained and fitted to a diffusion model to determine effective water 
diffusivities as reported in the research of Toosia et. al. (2003). The higher the effective water 
diffusivity, the faster the drying process, thus the lower energy consumption. Toosia et. al. 
(2003) found ultrasound pretreatment could greatly accelerate vacuum drying.  
 
Drying kinetics  
 
Weight, moisture content, and water activity of the targeted materials are to be traced during 
the whole microwave vacuum drying process. The data will be used in the future for the 
modeling of the microwave-vacuum-drying process, which can help not only analyze the 
transport mechanisms, but also predict appropriate operating conditions to maximise energy 
efficiency.  
 
The main challenge is that when materials are under microwave radiation, they often undergo 
physical and structural transformations that affect their dielectric properties. Sharp 
transformations lead to a significant change in dielectric properties and cause difficulties in 
modeling and controlling microwave vacuum drying. Thus, changes on the dielectric 
properties are also to be traced during drying process.  
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Conclusions 

A highly reduced drying time can be expected after ultrasound pre-treatment due to a great 
increase in the value of water diffusivity. Moisture content, water activity and permittivity of 
targeted materials are changing during microwave vacuum drying. Processing parameters, 
such as microwave power and vacuum level, should be adjusted accordingly to reduce energy 
consumption and improve product quality. To optimise the drying process and help establish 
equipment geometry and process conditions, the modeling of a microwave-vacuum-drying 
process should be constructed.  
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Abstract 

A study on volume and weight  utilisation  from 118 trucks carrying pulpwood of Sitka spruce (Picea 
sitchensis) showed that 100% of the trucks presented volume underutilization, with an average of 19.4 
m3 (30%) equating to € 514 lost revenue per trip. In contrast, 65% of trucks were incurring in 
penalties by being overweighed. In this study, wood basic density at different Moisture Content (MC) 
was used to estimate the weight of the load to be carried on 5 types of truck configurations 
(Conditions). Stack/solid volume conversion factors allowed to determine the truck's maximum solid 
volume capacity, and based on the Legal Maximum Payload it was established the trucks' maximum 
volume that can be loaded with wood at different MC. 

 
Introduction 

Roundwood volume will increase from 3.79 million m3 in 2011 to 6.41 million m3 in 2028, with 1.75 
million m3 of wood destined for energy production (Phillips, 2011). This situation will increase at the 
same time the logistics involved in the wood supply chain. Devlin et al. (2008) stated that road 
transportation is and will remain the most important mode of timber transport in Ireland. 

In the scenario of woody biomass destined for fuel, the cost of road transport has being the main 
factor limiting the expansion of the bioenergy sector since secondary transport can be responsible for 
20% to 40% of the supply chain costs (Weintraub et al., 1996, Murphy, 2003, Rönnqvist, 2003, 
Andersson et al., 2008).  
 
One way to improve the truck transportation of fuelwood is by maximizing the delivered load in terms 
of weight and dimensions, but all European countries impose haulage regulations related to the 
restriction on dimensions and weight of the trucks. Ireland sets a maximum of 42,000 kg for trucks 
with 5 axles and 44,000 kg for trucks with 6 axles (Irish Forest Industry Chain, 2007).  Truck's weight 
is monitored at weighbridges and overloaded trucks incur penalties, normally of a financial nature or 
ban on delivering timber for a specified period of time. 
 
Overweight trucks can cause problems such as deterioration of roads, short vehicle life, vehicle 
maneuver difficulty and safety issues (Yang et al., 2008). Regulation on the trucks weight and 
dimensions highlights the challenge facing truck operators of placing enough material on a truck (and 
trailer) of fixed dimensions. According to Angus-Hankin et al. (1995) to carry less than the legal 
maximum weight is incurring opportunity costs. 

 
The objective if this study was to determine pulpwood maximum load volumes on trucks 
constrained by legal weight limits through a better management of moisture content. 

 
Materials and Methods  
 
Utilization of truck's volume and weight 
Pictures of 118 trucks loaded with pulpwood of Sitka Spruce (Picea sitchensis) were taken entering 
the weighbridge at Medite Ltd. Co. Tipperary. The images were processed with Adobe Photoshop 
CS5 Extended® software in order to determine the volume of the loads on the trucks. The load 
volume was then compared its tuck's volume capacity.   
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Stack/solid volume conversion factor 
A stack/solid volume conversion factor was estimated in order to determine the actual truck's solid 
volume capacity to carry Sitka spruce pulpwood. This stack volume was measured on 44 out of the 
118 trucks  through image processing and following the Standard Procedures for the Measurement of 
Round Timber for Sale Purposes in Ireland (COFORD, 1999). 

 
Density with MC variation and determination of the load's weight 
Sitka spruce basic density was used to estimate the amount of wood to be loaded in the trucks. The 
density of wood at different MC was calculated in this study using Equation 1 (Forest Products 
Laboratory, 2010). 
 

                                   )100/1(* MCdbDb         (kg/m3)                                      (1) 

Where 	is density of wood as a function of Moisture Content (MC),  is the basic density of the 
wood and MCdb is the moisture content (dry basis) of the wood. 
 
By calculating the wood density at different MC (  ) the amount of wood (load) to fill the two truck's 
solid volume (  ) capacities were estimated (Equation 2). 
 
                                                 ∗         (kg)                                                           (2) 

 
Legal Maximum Payload 
To identify if the amount of wood loaded on the trucks was under the legal weight limit, the average 
Legal Maximum Payload was calculated (Equation 3), where LMP is the Legal Maximum Payload, 
LGVW is the legal gross vehicle weight, and Tw is the average truck weight.  

 
                                                    LMP = LGVW - x̄ Tw         (kg)                                     (3) 

 
Trucks were grouped into five conditions based on their configuration, volume capacity, LMP and 
number of axles which determine the legal weight limit (Table 1). 

 
Table 1: Description of Conditions with LMP with 95% confidence intervals expressed as a 

percentage of the mean 

Condition Truck configuration 
Truck vol. 

type  
GVW 
(kg) 

LMP (kg) 

C 1 Rigid + Trailer with crane T2 44,000 24,504 (± 0.99%) 

C 2 Truck articulated no crane 
T1 44,000 28,753 (± 1.46%) 
T2 44,000 27,967 (± 0.95%) 

C 3 Truck articulated with crane T1 44,000 25,856 (± 1.53%) 

C 4 Truck articulated no crane 
T1 42,000 27,598 (± 0.99%) 
T2 42,000 27,293 (± 2.60%) 

C 5 Truck articulated with crane T1 42,000 24,815 (± 1.62%) 
 

 
Results 
 
Utilization of load volume and weight 
Comparison between the stack volume measured and the truck's volume capacity showed that 100% 
of the trucks underutilized their volume capacity with an average 30% (19.4 m3). In Ireland, at an 
average price of pulpwood of € 26.5 per m3 implies €514.1 lost revenue per trip. In contrast, 65% of 
the 100 trucks were overloaded with an average of 2,809 kg.  
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Stack/solid volume conversion factor 
The Sitka spruce pulpwood stack/solid volume conversion factor presented an average of 0.66 ± 0.013 
at 95% confidence level. An overall factor of 0.66 means that 1m3 of wood stacked in the trucks 
equals to 0.66 m3 of solid wood volume. In terms of the volume capacity of the trucks, this factor 
indicates that of 100% truck capacity 66% will be loaded with wood and 34% consists on spaces 
between the logs. 

 
Density with MC variation and load determination 
The estimated basic density of Sitka spruce for this study presented a mean value of 377 ± 22 kg/m3 
(at 95% confidence level), providing the basis for calculating the density of wood at different MC and 
the weight of the load to fill the solid volume capacity of the trucks.  
 
 
Legal Maximum Payload  
The Legal Maximum Payload varied depending on the number of axles on the truck and on the 
materials used on the construction of the trucks which affect the tare weight. Trucks in C1, C3 and C5 
present a higher LMP than trucks from C2 and C4 due to the presence of crane on the truck which 
increases the tare weight on an average of 2,000 kg (Table 2).  
 
Table 2: Estimation of the Legal Maximum Payload for each condition with 95% confidence intervals 

of the mean 
 

 
 
 
 

Load's volume and weight optimization 
Assessing the weight of wood at different MC, the truck's solid volume capacity and the LMP resulted 
in the determining of the maximum MC of wood at which the trucks can be fully loaded, also the 
percentage of the truck to be loaded with wood at different MC (Table 3). 
 

 
  
 

 
Condition Truck type GVW (kg) 

Tare weight 
(kg) 

LMP (kg) 
Confidence 

intervals 
C1 T2 44,000 19,496  24,504  ± 242 

C2 
T1 44,000 15,247  28,753 ± 420 
T2 44,000 16,033  27,967 ± 265 

C3 T1 44,000 18,144  25,856 ± 300 

C4 
T2 42,000 14,402  27,598 ± 274 
T1 42,000 14,707  27,293 ± 714 

C5 T1 42,000 17,185  24,815 ± 402 

 

 Maximum MC% at  

Condition 
100%  

truck vol. 
90% 

 truck 
vol. 

80% 
truck vol.

70%  
truck vol. 

60%  
truck vol. 

55% 
 truck 

vol. 

45% 
truck 
vol.

C1-T2 29 36 43 50 57 61 68 
C2-T1 55 59 64 68 72   
C2-T2 38 44 50 56 63 66 72 
C3-T1 50 55 60 65 70 - - 
C4-T1 53 58 62 67 72   
C4-T2 37 43 49 55 62 65 71 
C5-T1 48 53 58 63 68 71 - 
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Discussion 

The results show potential in improving one aspect of the wood for energy supply chain by having a 
better management of the content of the wood in the field.  Nevertheless further studies should be 
carried related to the basic density variability for Sitka spruce in Ireland and the variability of Legal 
Maximum Payload for different truck configurations. There is also a strong need for a more accurate 
moisture content prediction and monitoring method at the forest. The benefits seen between the 
configurations considered in this paper can be extrapolated upon by assessing the benefits of allowing 
larger vehicle configuration into the biomass supply chain.  

 
A desired scenario for this study consists of truck hauliers been able to determine the moisture content 
(moisture meters) when loading the trucks. Weights of wood for specific species at different moisture 
content could be tabulated helping the hauler to determine  the percentage (or side bar heights) of their 
trucks to be loaded; thus providing confidence to the hauliers that their load is under the maximum 
legal weight restrictions and to also eliminate the worry of breaking the law. 
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Abstract 

 
The agri-food sector in Ireland contributes a value of €24 billion to the national economy. 
This generates 6.3% of gross value added and provides 7.7% of national employment. The 
Food Harvest 2020 strategy proposes ambitious plans to expand the Irish agricultural 
economy over the coming years. Global warming and changing weather patterns could pose a 
threat to this aggressive expansion. A guaranteed supply of fresh hydroponically grown 
fodder, 365 days a year, could be a component to support this development.  
 
Introduction 

 
A combination of fertile soils, temperate climate and an abundant rainfall are the ingredients 
that give Ireland a natural advantage when it comes to agriculture. Ireland’s temperate 
maritime climate is due mainly to its proximity to the Atlantic Ocean and the presence of the 
Gulf Stream. This type of climate is particularly suited for the natural growth of ryegrass, an 
excellent and inexpensive feed for livestock (Teagasc, 2013).  
 
Agricultural systems in Ireland and across the world have developed under relatively stable 
climatic conditions. While different regions will be impacted on differently, the projections 
are that increasing global temperatures, changes in rainfall patterns, extreme events like 
floods, droughts and heat waves, etc. will put pressure on the worldwide capacity to produce 
food. For agriculture, adaptation to climate change is vital to ensure continued growth 
(Olesen, 2006) Hydroponic techniques offer an option to achieve better than normal farm 
production, immune to natural weather variations, as well as offering an organic and more 
nutritive solution (Sinsinwar and Teja, 2012).  
 
The future for Irish agriculture looks positive.  The Food Harvest 2020 strategy proposes 
ambitious plans to expand from producing enough food for an estimated 36 million people in 
2011 to a staggering 50 million people by 2020 (DAFM, 2010). Areas that support this bright 
future are: 

 Growing global population 
 New increasingly affluent markets opening up in Asia 
 Falling supplies of key commodities such as dairy and meat within the EU 

 
The objective of this study is to assess the viability of introducing hydroponic fodder 
systems into Irish agriculture. 
 
Materials and Methods 

 
There have been a number of studies on hydroponic fodder systems carried out in the past; 
however these studies have produced mixed findings and are not directly related to the Irish 
agricultural sector. Therefore this study will predominantly focus on desktop research and a 
range of interviews with leading professionals. The proposed methods are as follows: 
 

1. Literature Review 
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2. Informal Interviews: Face-to-face and/or by telephone (where direct contact is not 

possible) with key representatives from the following groups of agricultural research 
institutions and large scale agri-producers 
 Meat Industry 
 Teagasc 
 Established producers in the UK who are currently growing hydroponic fodder 

for agricultural purposes 
 Nutritionists 

 
3. Analyse the advantages and disadvantages of the information gathered from the 

literature review and the informal interviews under the following terms: 
 Nutritional 
 Economic 
 Infrastructure 
 Labour 
Compare this information with current conventional feeding processes in Ireland. 

 
4. Identify issues and opportunities for further research 

 
5. Peer review the results with large scale agricultural producers, nutritionists and 

average size farmers.  
 
Results and Discussion 

 
This study is still the process of being completed and there have been no definitive results at 
this point in time. There are however many findings in already completed research that may 
reflect the results of this study once completed. 
 
The successful introduction of hydroponic systems into Irish agriculture is hinging on the 
economic feasibility of the system. The initial capital investment in building a permanent on-
site structure appears to be too costly in previous studies and the outcome of this study is 
predicted to be much the same. 
 
Investing this capital funding into a moveable structure, for example a 20 foot container, 
could prove a more viable option. This would allow more flexibility, for instance the structure 
could be moved from one farm to another, depending on the fodder situation in that particular 
period. The structure could also be rented out to farmers who are going through fodder 
shortages. This method would increase the awareness of this system of fodder production, 
without the high investment costs. 
 
Previous studies showing yields of 6-10kg of fodder from 1kg of grain placed inside 
hydroponic systems for seven days have been replicated many times. These figures seem 
extraordinarily high but these increases are due to the introduction of water (Chamberlain, L, 
2007). The majority of studies also show a reduction in dry matter weight compared to the 
initial grain. This data conflicts with other research, where higher than expected performance 
in steer bulls over 48 days has been recorded (Tudor, 2003). Further research and interviews 
with nutritionists is needed to produce more accurate data. 
 
Past studies have revealed that mould is a common problem that increases labour and costs, 
reduces animal performance and sometimes results in stock deaths (Sneath, 2005) Other 
studies have shown that by incorporating a cleaning procedure using a chlorine based product 
can minimise instances of mould considerably (Bridgewood, 2003). Further research into the 
energy costs associated with hydroponic fodder systems will help determine the possibility of 
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combining renewable energy systems (RES) into the structure. Possible RES include 
photovoltaic panels and wind turbines. Introducing RES will increase the capital costs but 
may reduce costs over time. 
 
The expected hydroponic facility design will be within a moveable container type structure. 
This type of structure can be stacked on top of one another where space is minimal, can be 
transported when required in other locations and can be sold on if they are not needed. The 
design will also implement energy and water saving technologies where visible, eg solar, 
wind and rain water harvesting. Further studies and the calculation of results will give a more 
coherent view on the viability of such a system in Irish agriculture. 
 
Conclusions 

 
Fodder that is grown under hydroponic conditions has shown huge potential in countries that 
encounter extreme weather conditions. Ireland has optimal weather conditions and has 
traditionally grown natural fodder with ease. Lately Ireland has experienced colder winters 
and wetter summers. These changes in weather conditions, which are possibly linked with 
climate change, are causing increased difficulty in agriculture. Hydroponic fodder systems are 
worth looking into as a possible solution to help ease pressures on sourcing fodder in Ireland. 
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Abstract 

The wind energy industry has been growing at a huge rate since the early 1990s, with a total of 
121,188 MW installed capacity at the end of 2008.  This is due to increasing focus on sustainable 
development, renewable energy generation and its popularity as a clean energy source.  There is one 
vital consideration that has not been studied and that is how sustainable are these wind farms?  This 
paper will discuss the factors to be reviewed with regards the sustainability of wind energy systems.  
The three main dimensions of sustainability will be examined to determine just how sustainable wind 
energy really is.   

Introduction 

The wind energy potential on earth is huge and has the potential to supply 100% of global demand.  
Virtually every country has sites with average wind speeds of more than 5 m/s measured at a height of 
10 m, which are sufficient for development (Sesto and Casale, 1998).  This type of energy is an 
alternative to the original conventional energy generation types such as coal fired or gas power 
stations.  Wind energy is being used as an alternative to these due to the little impact it is seen to have 
on the environment and due to them not releasing and emissions during operation, unlike their 
conventional counterparts. 

In modern times wind energy has been adopted by the global community as a truly viable and 
sustainable method of generating energy and the industry is growing throughout the world.  At the end 
of 2011, the Global Wind Energy Council (GWEC) released a statement that about 41 Gigawatts of 
new wind power were installed globally in 2011 bringing the total to about 238 Gigawatts.  This was 
an increase of about 21% this year alone which demonstrated that the industry is growing at a rapid 
rate (Burgess, 2012).  The leaders in this global wind energy scramble are the EU with giants China 
and the US following closely behind.  The whole world is investing in this technology.  The main 
drive for this new industry is the attempt of every nation to have a positive impact on their emissions 
and try and reduce the global carbon footprint.   

The aim of this research is to examine how sustainable wind energy actually is, and to try and come to 
a conclusion on whether the route of installing wind turbines to power the world is the correct one to 
take.  Four main aspects that are seen to be of importance when deciding if wind energy is truly 
sustainable are being examined.  These four aspects are: economics of the technology, environmental 
impacts of the technology, social impact or impact on humans and finally future developments 
regarding any technological advances that are being made to make the technology more sustainable 
(Beauchemin et al., 2004).  The first three of the factors make up what is known as ‘triple bottom line’ 
which refers to the three vital components necessary to have true sustainability.  This ‘triple bottom 
line’ of sustainability is represented graphically below in Figure 1.  

The objective of this study was to define a framework with which to determine the sustainability 
of wind energy. 

Materials and Method 

A desk-based research study is focused on documented information in journals, on databases and from 
commercial sources.  There are several important steps that need to be followed in order to carry out 
the study correctly.  Firstly a detailed literature review will be completed on information regarding 
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projects that have already been carried out across the world so that an information base can be built 
regarding existing projects and factors that describe their sustainability. Following this the pros and 
cons of each project will be examined to find an overall group of main factors that cover the whole 
wind energy industry.  These will be based around the different aspects that were mentioned earlier 
that have an effect on the viability of wind turbines with regard how sustainable they are.   

 

 

Figure 1. The concept of the ‘triple bottom line’ that defines sustainability 
 

Typical considerations will be: 

Social impact 

 Loss or creation of jobs 
 NIMBY:  

NIMBY, which to a certain extent can be considered normal, is related to social perception of 
risk, to the complex process of attribution of causes, and to perceived inequity. It addresses the 
issue of life quality in terms of the potential alteration of people's well-being that generates self-
defence behaviour (Pol et al., 2006).   

Environmental impact 

 Pollution  
 Noise pollution 
 Waste material 

Economic impact 

 Payback time 
 Cost of materials 
 Life span of systems 

 Carbon dispolacement 

Future technological advances 

 Cheaper materials 
 Less pollution 
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 Less noise 

All of the different issues listed above will be used to define in great detail to the sustainability of the 
systems.  This will be done by devising a scoring system where each of the main important aspects 
will be given a score based on the impacts they have on the wind turbines in reducing their 
sustainability, or making them less sustainable.  This then in the end will result in conclusions on 
whether wind energy systems are truly sustainable.  This scoring system may be based on existing 
methods or may need to be created specifically for the task of completing this study.   

Results and Discussion 

It is expected that many flaws will be found in the different wind energy systems and that such 
systems will be found not to be truly sustainable but the main thing that will be found is that they are 
becoming more efficient and sustainable at a rapid rate.  One of the main concerns with wind energy 
is the intermittent energy periods.  Sometimes the wind does not blow which would then result in no 
energy being produced.  At this point the energy then has to been drawn from the grid which provides 
energy generated mostly by the burning of fossil fuels which is completely unsustainable.  The fact of 
this happening then possibly makes the wind turbines somewhat unsustainable as they cannot fully 
meet requirements.  Future developments is something that may also play a big part here as batteries 
and energy storage facilities are being produced and created to make it possible to store large amounts 
of wind energy.  All of these issues are expected to make up the main aspects in the final report. 

Conclusion 

There are three main elements of true sustainability.  As stated above many flaws in the wind energy 
systems are expected to be found.  This is due to many reasons but will all related back to the fact that 
the wind energy systems do not fit firmly in the centre of the sustainability diagram. 

One key factor that should have a positive impact on making wind energy more sustainable is the fact 
that many developments are taking place in this.  The main things that would need to be tackled 
would be the fact that wind energy is an intermittent energy source.  This hopefully should change 
with new developments such as large scale batteries that are capable of storing energy for use at a 
later time.  This is vital as this would mean that as wind blows the energy could be used, and excess 
energy stored for times when the wind is not blowing.  This would definitely be a huge step further 
towards true sustainability. Work is being carried out on such technologies all over the world 
including in South Dakota, USA where the first large scale operation of transferring wind energy to 
battery storage is taking place.  This study is at an early stage and results will be reported later this 
year.  
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Abstract 

With an increased focus on Ireland meeting its targets set out in the EU Renewable Energy 
Directive 2009, there is set to be a massive increase in the widespread deployment of 
renewable energy systems over the coming years. This deployment of renewable energy will 
include various technology types which are capable of generating energy via natural resources 
available in Ireland today. This paper aims to evaluate the different renewable energy systems 
available in Ireland and identify the best course of action for meeting its overall energy targets 
by 2020. All possible scenarios for meeting the Renewable Energy Directive targets will be 
modelled using the HOMER Energy modelling software, RETScreen clean project analysis 
software and EnergyPLAN advanced energy system analysis software. This dissertation will 
include all sectors under the renewable energy sector including electricity, heating and 
transport.  

Introduction 

Since the introduction of the EU Renewable Energy Directive in 2009, there has been a 
sufficient increase in the use of renewable energy technologies for generating energy on the 
island of Ireland. As of 2011 in the Republic of Ireland, the share of electricity generated via 
renewable energy sources was 17.6%, heat generated via renewable energy sources was 5% 
and transport via renewable energy sources, primarily biofuels, was 3.6% (SEAI, 2011). 
Initial targets indicated in the EU Renewable Energy Directive 2009, state that 16% of the 
Republic of Ireland’s gross final consumption of energy should be generated from renewable 
energy sources by 2020. Further updates to the 2020 targets were released in the National 
Renewable Energy Action Plan for the Republic of Ireland (2010), which state 40% of 
electricity consumed, heating and cooling requirements of 12% and 10% of transport 
requirements for the country should all be provided by renewable energy sources.  

In relation to renewable energy targets for Northern Ireland, the Department of Enterprise, 
Trade and Investment (2010) indicated a target of 40% of electricity generation, a 10% target 
of heating and cooling and a transport target of 10% to be provided by renewable energy 
sources by 2020. As of 2011, preliminary figures released indicated a figure of 14% of the 
gross electricity demand was provided by renewable energy sources (Energy Ireland, 2012). 
Further studies by the Department of Enterprise, Trade and Investment (2012) also indicated 
that renewable energy sources provided 1.7% of total heat generation in Northern Ireland. 

As shown above, the island of Ireland is still a considerable distance behind meeting its 
targets regarding renewable energy generation and meeting its gross energy consumption 
targets by 2020.  

The objective of this dissertation is to assess the possible options available to Ireland in 
meeting its renewable energy targets using comparative analysis via a number of energy 
software programmes available on the market today. 
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Materials and Methods 

The main component of this analysis is to establish both the most cost effective and energy 
efficient renewable energy technologies that can be implemented to meet the relevant targets 
discussed above by 2020. To establish a solution for the future energy needs, a selection of 
energy simulation programmes, discussed above, will be utilised in building software models 
detailing the island’s current energy needs. The projected increases and decreases in energy 
demand for the next seven years up until 2020 will also be evaluated as part of the energy 
simulation model. Once the current energy demand for the island is established, all of the 
existing large scale renewable energy systems will be built into the model and their relevant 
energy production capabilities accounted for.  

Once analysis on both the existing energy demand and existing renewable energy systems are 
completed, research on the implementation of expanding the renewable energy network will 
begin. The use of the energy software programmes will be primarily used for the addition of 
wind power, hydropower, ocean power and solar thermal technologies.  

In terms of wind power, all existing large scale wind farms throughout the country will be 
accounted for. Once this analysis is complete, it will be necessary to identify further possible 
locations for the deployment of large scale wind farms capable of generating sufficient 
amounts of electricity. This research will be completed in conjunction with the Best Practice 
Guidelines for the Irish Wind Energy Industry (2012) published by the IWEA and further 
supplemented by Wind Atlas maps provided by the SEAI (2012). The SEAI Wind Atlas maps 
provide a digital resource of wind speeds, electricity transmission and distribution networks 
for a number of locations around the country. Once a number of proposed sites have been 
selected, they will be built in the selected energy software programmes discussed above. Once 
built, the energy software analysis can evaluate both the technical and economic factors of 
installing the proposed wind turbine systems around the country. The software programmes 
also provide comparative studies on the cost and feasibility of different scenarios 
implementing renewable energy technologies. It is expected that wind power will play a key 
part in meeting the 2020 targets. This is due to its vast abundance, particularly on the west 
coast of the island and an already installed capacity of approximately 1,738 MW in the 
Republic of Ireland alone (IWEA, 2013). The current installed capacity and location of wind 
farms in the country can be seen in Figure 1 below.  

 
Figure 1. Wind Farms Installed in Ireland (IWEA, 2013) 
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The use of hydropower for generating renewable energy will also be evaluated. Although 
there is only a small number of large scale hydropower facilities for generating electricity in 
operation today, the facilities at Ardnacrusha (Installed capacity 85 MW) being the most 
prominent, the use of hydropower could be significant. Hydropower has a significantly high 
energy efficiency rate, especially when compared to other renewable energy technologies. 
However, detailed site studies and substantial site requirements for installing large 
hydropower facilities are required. As part of this dissertation, possible site locations for 
generating sufficient energy via hydro power will be evaluated.  

Although, only a new technology in research and development stages, the use of ocean energy 
for generating electricity is set to increase over the coming years. With estimated resources of 
320,000 MW in Europe alone, particularly on the west coast of Ireland (Department of 
Communications, Marine and Natural Resources, 2005), there is massive potential for the 
development of ocean energy technologies for providing electricity. A number of 
development sites have been created, particularly on the west coast of Ireland, to evaluate 
how effective this technology can be. However, with a target of 500 MW of marine energy to 
be installed by 2020 (SEAI, 2012), the quick deployment of wave and tidal systems for 
generating electricity will be necessary. The analysis within this dissertation will account for 
the current potential along the west coast of the country in identifying possible sites for ocean 
technologies.  

The use of solar thermal technologies will also be expected to contribute significantly towards 
meeting the respective heating targets of 12% and 10% for both the Republic of Ireland and 
Northern Ireland. The use of solar thermal technologies has not been implemented on a large 
scale basis due to the country’s poor insolation levels, however on standalone domestic and 
commercial buildings, solar thermal systems may be mounted on the building roof. The 
dissertation will evaluate the current installed capacity in the country and the further 
requirements necessary to meet the targets discussed above.  

Additional energy requirements to ensure transport targets are met by 2020 will also be 
evaluated. This will be completed by evaluation of the current transport market and what 
needs to be done to successfully integrate renewable energy transport on a wide scale basis. 

A comparative analysis regarding the energy software programmes in identifying the best 
available software appropriate for use in this scenario will also be completed as part of the 
dissertation. 

Results and Discussion 
 
The results for this dissertation are expected to place an emphasis on further widespread 
installation of wind turbines across the island to help meet the Renewable Energy Directive 
targets. This is due to the existing widespread use of this technology already in the country 
which has indicated its capabilities at generating large amounts of electricity successfully. 
Suitable site locations may be discovered when using the indicated energy software above for 
further development of wind farms. 
 
Further analysis is expected to confirm that although hydro power is an energy efficient 
method of generating electricity, due to large site requirements and substantial costs with 
installing the technology, it may not be a feasible option in widespread installation. However, 
it may be possible to identify smaller sites capable of generating electricity via hydro power. 
Locating smaller sites capable of generating electricity via hydro power would be easier when 
compared to large site requirements. This would also mean lower costs and less exploratory 
studies required into the surrounding landscape. 
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In terms of ocean energy, it is expected that substantial natural resources will be identified 
along the west coast. However due to the ongoing research and development of the 
technology and its relative infancy, it may encounter problems in terms of the technology 
operation and high costs. The 2020 target of 500MW via ocean energy will be ideally met so 
this may enhance the research and development aspect of this technology.  
 
Due to the intermittent nature and poor insolation levels of solar energy within the Republic 
of Ireland, the use of solar thermal energy for meeting the country’s heating requirements by 
2020 may not be feasible. Alternative methods of heat generation may be required such as 
combined heat and power and geothermal energy may be investigated. 
 
In terms of renewable energy transport, further research into the biofuels technology may be 
investigated if there is not a substantial amount of electricity being generated to provide the 
electric car industry with enough power to meet its targets and still meet the 40% of 
electricity via renewable energy sources by 2020.  
 
The results of this dissertation will provide the best possible path for meeting the Renewable 
Energy Directive targets by 2020. This will be in terms of economic, social and 
environmental factors. The results will also place a particular emphasis on the review of the 
energy modelling software programmes used as part of the analysis and will identify the best 
possible solution and relevant software to be used. 
 
Conclusions 
 
The respective Irish Governments need to act fast in order for the overall Renewable Energy 
Directive targets to be met in all sectors. To do this, quick and effective methods of renewable 
energy generation need to be integrated to the Electrical Grid on a national scale. Due to the 
island’s vast abundance of natural resources, this may be done in a number of ways. However 
there are varying costs and issues with each technology type. 
 
This dissertation is expected to provide results which document the best course of action for 
the near future and identify the key barriers in relation to renewable energy integration on a 
wide scale level. 
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Abstract 

Complex agricultural production systems with many agricultural inputs are recognised as 
potentially having a harmful and damaging impact on the environment, including negative 
impacts on water quality, greenhouse gas emissions and on climate change. The most 
common crops grown in Ireland are food crops including; wheat, barley, oats and potatoes. 
The production of energy crops, such as willow, miscanthus and rapeseed oil, has increased 
due to rising oil prices, supply shortage and the current EU Energy Crop Scheme and Non-
Food Setaside Scheme which was introduced in 2008. There is a significant difference in the 
production system for both food and fuel crops. It remains unclear, in the Irish production 
setting, whether the production of food or fuel crops carries equal risk with regard to potential 
environmental pollution. Hence, this study aims to determine the impacts on water quality 
from a food crop and a fuel crop production system. This study uses a qualitative risk 
assessment approach, taking into account agricultural inputs, management practices, pesticide 
properties, site conditions and crop type. The qualitative model framework is presented in this 
paper and will assist in determining the effects of each production system on water quality. 

Introduction 

According to Browne et al. (2011), Irelands energy forecasts for 2020 are set to reach its 
overall target of renewable energy systems (RES) of 16% and also renewable energy supply 
in transport (RES-T) of 10%. The biomass to energy market is in a position to contribute to 
this, however, the intensive use of herbicides, artificial fertilisers, fungicides and pesticides in 
production practices is a growing cause for concern (Tilman et al., 2002). Agriculture is 
understood to contribute to water pollution which comprises of leaching of pesticides and 
nutrients. NO3 can transfer from agricultural areas in overland flow and subsurface flow, and 
can also occur by volatilisation into the atmosphere. Diffuse agricultural sources remain the 
main threat to the quality of Ireland’s water. According to Curley and McDonnell (2009), 
pollution from agriculture needs to be tackled if our waters are to remain uncontaminated 
from contaminants such as nitrogen. Nitrogen within soils develops as organic or inorganic 
nitrogen. Atmospheric nitrogen, ammonium, nitrate, nitrite and nitrous oxide are forms of 
inorganic nitrogen. Agricultural pollutants can be treated to meet drinking water standards 
using engineered solutions, although as the costs are significant, in both economic and 
environmental terms, control of these pollutants at source is desirable and a range of 
management techniques are available that aim to achieve this (Kay et al., 2009). Measures to 
improve water quality are being implemented in order to achieve the targets of the Water 
Framework Directive. (EPA, 2013).  

The objective of this study is to develop a framework model to determine the 
environmental impact of the production of food crops and the production of fuel crops. 

Materials and Methods 

A qualitative risk assessment approach will be carried out to determine the effects of each 
production system on the surface water quality. The qualitative framework model developed 
for this study can be seen in Figure 1. 
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Figure 1. A framework model showing the main agricultural inputs, the production process 

and the impacts on surface water quality. 
 

Production Process (Energy Crops and Food Crops) 

The production process for both energy crops and food crops include; (a) cultivation phase 
where herbicide fertilisers are applied, (b) sowing phase where herbicide fungicides are 
applied and finally, (c) growth phase which includes the application of herbicide fertilisers as 
shown as inputs in the framework model shown in Figure 1. 

Food Crops 

The potato crop is the most common food crop grown in Ireland. According to the 
Department of Agriculture, Food & the Marine, barley represents the biggest food crop grown 
in Ireland as shown in Table 1; Wheat covered approximately 94,000 hectares and finally 
21,400 hectares of Oats. The production of each food crop (tonnes) can be seen in Table 3. 
The chosen food crop for this study is the production of potato crops. 

Energy Crops 

The growth of energy crops in Ireland has increased over the past number of years, including 
miscanthus, willow and rapeseed oil. Rapeseed oil is the leading energy crop produced in 
Ireland generating over 50,000 tonnes in 2011 (Table 4). The amount of miscanthus being 
grown is significantly smaller with 4,044 tonnes produced in 2011 and just 8,580 tonnes of 
willow produced. The area covered by the production of energy crops is shown in Table 2. 
The chosen energy crop for this study is the production of willow crops. 

 

Table 1. Growth of Food Crops in Ireland (CSO, 2012) 

Crop 2011 
Wheat 94,200 hectares 
Oats 21,400 hectares 

Barley 180,600 hectares 
Potatoes 10400 hectares 
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Table 2. Growth of Energy Crops in Ireland (Teagasc, 2011) 
Crop 2011 

Miscanthus 337 hectares 
Willow 660 hectares 

Rapeseed Oil 12,400 hectares 
 
 

Table 3. Production of Food Crops in Ireland (CSO, 2012) 
Crop 2011 

Wheat 929,000 tonnes 
Oats 168,000 tonnes 

Barley 1,412,000 tonnes 
Potatoes 356,000 tonnes 

 
Table 4. Production of Energy Crops in Ireland (Teagasc, 2011) 

Crop 2011 
Miscanthus 4,044 tonnes 

Willow 8,580 tonnes 
Rapeseed Oil 56,000 tonnes 

 

The three main factors which influence the surrounding environment are; the soil 
characteristics, crop type and distribution of fertilisers.  

Qualitative Approach 

The qualitative risk assessment will take into account the physical properties of the site 
including; soil type, land use, topography, temperature, precipitation and water table depth 
which can be seen in Figure 1. Inputs associated with the production of each system can be 
seen in Figure 1, these inputs include crop type (Willow, Potatoes), root depth, dates of 
planting and harvesting, management practices (Fertilisers, herbicides, pesticides, and 
application rates). Throughout the production of both the food crop and fuel crop, the 
agricultural applications will be considered and the impacts will be rated (very high, high, 
medium, low) and are shown in Table 5 below, the crop production with most impact on 
surface water quality will be determined. The pesticide property inputs such as application 
rates will be combined with soil conditions at a specific time, for example, the amount of 
rainfall in a day, the characteristics of the soil and the water table depth.  

 

Table 5. Weighting of Factors 
Very High Risk >15 
High Risk 10<15 
Moderate Risk 6<9 
Low Risk <5 
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Results and Discussion 

An assessment will be carried out in relation to the agricultural inputs deployed in the 
production of both food crops and energy crops. The qualitative risk assessment will 
determine whether food crops have a bigger impact on surface water quality due to nutrient 
management over energy crops. The qualitative framework model is presented in Figure 1 
and is currently being set up in excel. 

Conclusions 

The production of energy crops in Ireland is on the increase due to rising oil prices, shortage 
of supply and climate change. Changing land use from the production of food crops to the 
production of fuel crops may have a significant impact on the surrounding environment as 
agricultural inputs of both systems are significantly different. The development of a 
qualitative risk assessment will determine which production system is having a greater impact 
and this will help in reducing the risk to the environment and surface water quality in the 
future.  
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Abstract 

Ireland currently has one of the largest dependencies on fossil fuels in Europe and geothermal 
energy has the potential to reduce this dependency when used in conjunction with a range of 
other renewable energy sources. Geothermal energy is derived from the Earth’s core and can 
be harnessed from shallow or deep sources depending on the geothermal characteristics at a 
site’s location. An important factor in a site’s viability for geothermal energy extraction is the 
underground rock’s thermal conductivity (TC). To evaluate a sample’s TC, rock samples of a 
specific dimension and consistency must be extracted. Acquiring these rock samples from 
bore-hole drillings requires the use of costly and time consuming machinery, and there is also 
the risk of samples being unsuitable for testing due to stress damage caused by the extraction. 
This study will determine if it is possible to evaluate a rock sample’s TC by: grinding a 
sample into a fine powder, suspending the powder in a chosen liquid and then determining the 
samples TC using the divided bar apparatus and/or pulsed needle probe. Rock samples with 
their TC previously established from other studies will be used as a benchmark and will be 
sourced from recent borehole drillings conducted on UCD grounds. A variety of liquids will 
be used to determine which is most suitable. The liquid will have an effect on the TC results 
and therefore a method to calculate and compensate for this effect will be need to be 
developed.  
 

Introduction  

Ireland’s reliance on imported fossil fuels has become a growing concern over recent years. A 
lack of indigenous fossil fuel resources and renewable energy installations has resulted in 
Ireland being exposed to the volatility of international fuel prices. Along with concerns about 
greenhouse gas emissions associated with fossil fuel combustion, this has resulted in the Irish 
government evaluating Irelands renewable energy resources (Rourke et al., 2009). 
Geothermal energy can be harnessed from deep or shallow sources. Studies have shown that 
there is potential for shallow geothermal energy in several locations throughout Ireland, 
including UCD (Hemmingway and Long, 2011). The suitability of a site for geothermal 
energy depends on a number of factors including: ground water chemistry, gas chemistry and 
thermal conductivity (Barbier, 2002). 
 
This study specifically investigates the thermal conductivity of rock samples. The two most 
common tools to determine a sample’s TC are: the divided bar apparatus and the pulsed 
needle probe. The divided bar apparatus determines the TC of a cylindrical cell of rock 
sample by measuring the time taken for heat to pass between a hot copper plate, through the 
rock sample into the adjacent cold copper plate (Sass et al., 1971). A pulsed needle probe is a 
6 inch needle that is placed into a drilled rock sample, emits a pulse of heat into the 
surrounding rock and measures the decrease in heat within the probe as a function of time to 
determine the TC (Lewis et al., 1993).  
 
The objective of this study is to determine if the thermal conductivity of rock samples 
can be determined by grinding samples into a fine powder, suspending them in a liquid 
and then testing the samples with two TC analytical tools: the divided bar apparatus 
and the pulsed needle probe. 
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Materials and Methods 

 
Study Design 
A fine rock container will be constructed (See figure 1) for use in the UCD divided bar 
apparatus ensuring that the lids fit securely to make the container water tight. The empty 
container will then be placed in the divided bar apparatus and tested several times to 
determine its thermal conductivity. Once its conductivity is confirmed, it can then be used 
with grounded fine rock samples in liquid. The container will be filled with as much fine rock 
as possible then topped up with water, the weight of the fines and the water added will be 
recorded. With the top lid of the container removed, it will be placed in a desiccator under 
vacuum for 12 hours. The container will be removed and additional water will be added if 
required, noting all relevant weights. The container will have the water tight lid returned and 
then will be tested in the divided bar apparatus. The thermal conductivity will be calculated, 
based on the difference between the empty and full container. 
 

  
Figure 1. Fine rock container 

 
Rock Samples 
Rock samples with a known TC will be crushed into a fine powder and analysed in this study. 
This will allow for any results recorded to be compared against baseline TC data. A current 
study being conducted in UCD is investigating the TC of rock core samples taken from 
several UCD locations; these samples include granite and limestone and will be the first 
samples tested in this experiment. 
 
Liquid Suspension Choice 
A liquid will be chosen based on its base TC and known chemical properties, with as minimal 
an effect on the rock samples known TC as possible. At this early stage in the study the two 
liquids that will be initially utilized are: Water and Glycerol. 
 
Fine Powder Container 
A container will be constructed using the available machinery from the UCD Civil, Structural 
& Environmental Engineering complex. It will consist of a plastic cylinder (3-5 mm thick 
Perspex or similar plastic) and two copper lids which will fit neatly into the divided bar 
apparatus. The container will need to allow the sample suspensions to be added and removed 
without the possibility of leaks occurring when the TC tests are being conducted in the 
divided bar apparatus. An early diagram of a suitable container can be seen in figure 1. In 
future, another container will be designed to allow for the use of the pulsed needle probe; 
however no designs are currently available. 
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Thermal Conductivity Tools 
There are two available TC testing apparatus available in the UCD Civil, Structural & 
Environmental Engineering complex: The divided bar apparatus and the pulsed needle probe 
(Lewis et al., 1993). Both will be used to confirm any results attained, as the two devices have 
been shown to give similar results regarding identical rock samples (Clarke et al., 2008). 
 

Results and Discussion 

As experimental work is ongoing, only the expected results will be discussed in this section.  
The results are expected to show that it is possible to determine the TC of the rock sample 
suspended in liquid using the proposed method. The results will demonstrate which liquid is 
the most effective for suspending fine rock samples, while having minimal effect on the rock 
sample’s TC results. 
 
It is anticipated that through simple statistical analysis, the effect that the liquid suspension 
has on the rocks samples TC results can be compensated for. The results will also 
demonstrate that following compensation for the liquid suspensions TC effects, the TC of any 
rock samples tested will match the results obtained for rock samples using traditional 
methods. The results are also expected to show that using a similar container design as that 
proposed in Figure 1, both the divided bar apparatus and pulsed needle probe will record 
similar results when testing samples suspended in a liquid suspensions. 
 
Conclusions 
The expected conclusion of this report is that it is indeed possible to accurately determine the 
TC of rock samples in liquid using the methods outlined. This will be an important finding as 
determining a rock samples TC using traditional methods is currently an expensive and time 
consuming task. The method outlined in this report would make it possible to analyse almost 
any rock fragment despite its shape or size, making determining a rock samples TC 
substantially easier. 
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Abstract 

This study examines the feasibility of the installation of multi-step transformers onto public lighting. 
The project will comprise the implementation of one of these devices in the Dun-Laoghire Rathdown 
County Council area. Data collected from this will be used to calculate the carbon and monetary 
savings generated. 

Introduction 

In the current economic climate, and the strong movement towards reducing carbon emissions, many 
methods are being used in order to reduce both economic and carbon costs. The implementation of a 
smart lighting system, especially for groups such as county councils who have a large amount of 
lighting for their districts, has the potential to be a very practical move, as it addresses both cost and 
carbon issues. Public lighting in Ireland costs councils as much as €50 million per year, accounts for 
between 15-35% of their electricity usage, and emits 110,000 tonnes of CO2 every year (SEAI, 2011). 
Lighting control systems are potentially a very pragmatic way to comply with the directive on energy 
end-use efficiency and energy services, article 5 which states: ‘Member States shall ensure that 
energy efficiency improvement measures are taken by the public sector,…cost-effective measures 
which generate the largest energy savings in the shortest span of time.’ (European Parliament, 2006).  

Multi-step voltage controller systems can give substantial savings, and work with existing lighting 
systems, thus reducing cost and length of time needed to install. This system has been implemented in 
a few areas around the country so far. Examples of this system in operation are Carragh Road, Naas, 
Co. Kildare (system is currently in use, and has achieved 22% cost savings (SEAI, 2011)) and 
Farranfore, Co. Kerry (achieved an 18% energy saving). The Farranfore system was not kept installed 
on the site, as the lux levels were deemed insufficient. This is an example of the main challenge for 
this energy saving system: finding the site with the right conditions to facilitate its installation.  

Examination of the effects will come under the three broad categories usually referred to as the ‘triple 
bottom line’; Environmental, Economic & Social effects. Examination of supplemental technologies 
and their potential for further improvement regarding the three categories above will also be 
undertaken. This could include, but is not limited to, the implementation of motion sensors, 
piezoelectric sensor tiles and grey prediction models. 

The aim of this study is to assess the feasibility of the installation of multi-step voltage 
transformers throughout the Dun Laoghaire-Rathdown area, examining their economic, 
environmental and social impacts. 

Materials  

Lux Meter 
This device will be used to map out the different lux readings and the light distribution around the 
site. This is useful to examine how much saving is possible, while keeping the whole site above the 
threshold of safe lighting levels, which will be assessed in terms of the specific situation of the site. 
The lux meter model is the Minolta T10 luminance meter.  
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HID ‘LightSaver’  
This is the control unit that regulates the voltage that is put through the lighting system, and will be 
physically installed on the selected site (Figure 1). This will be used to generate data on how much 
energy and carbon is being saved by its implementation. The installed device consists of 2 elements, 
the HID ‘LightSaver’ control unit itself, and a power board which does the physical transformation. A 
3G data card is also included in order to collect the data from the device remotely.     

 

 

Figure 1. Equipment used on site 

Methods 

Discussions are on-going with the lead lighting engineer, Mr Eamonn Mc Govern, about which site 
would be suitable for use in this project. Many factors have to be considered before choosing a 
suitable site, in order to prevent the installation being unsuccessful due to insufficient savings or lux 
levels, for example. The following are items being considered: 

Light element type  
This is the most important factor to consider when installing such a device. For the system to work as 
efficiently as possible, lighting elements that use high voltage are the most desirable. This is because 
when considering the formula: P= V x I, the higher the voltage, the greater the level of control the 
module has over the amount of power running through the filament. 

Environmental conditions 
 This relates to the environmental conditions experienced on site. The main issue to be focussed on is 
the current quality of the site lighting, and the effect the installation of the controller has. The lux 
levels, the colour rendering properties, and the uniformity of the lit area of the site are the main 
factors dictating this (Secured By Design, 2010), and problems with these need to be identified before 
continuing with the installation. Depending on the circumstances of the final site, light pollution may 
also be identified and measurements will be taken on the effects of this.  

Usage patterns 
The amount and type of use on the site will be examined, in order to assess the requirements of the 
lighting. Some circumstances need high lux values, even distributions, and / or high colour rendering 
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qualities for health and safety considerations, and some sites may actually benefit from lights being 
dimmer in order to deter loiterers or anti-social behaviour (Secured By Design, 2010). 

Metering 
Approximately 98% of the lights throughout the country are unmetered (SEAI, 2011). In Dun 
Laoghaire-Rathdown, the figure has been quoted at 10%. This creates a potential issue with the 
amount of sites that can be chosen from, as the unmetered sites will not yield any monetary savings 
for the council immediately. While it is possible for installation on an unmetered site, and after it is 
demonstrated that savings will be made to switch the site to a metered system, a barrier still exists, as 
some councils may not be willing to undertake the extra administrative and installation workload 
involved in getting a meter in from their electricity supplier. 

The county council involved in the project is Dun-Laoghire Rathdown. This Council was chosen due 
to the fact that there is currently one of these systems in use on Rathmichael Road, Rathmichael, Co. 
Dublin, which is under the Council’s jurisdiction. This will give two data sources for analysis, instead 
of one. This will give data that can be used to compare the two sites, and will facilitate analysis of 
how the different circumstances affect the savings made, and better facilitate a more in depth analysis 
of how well a large scale implementation of this system would perform. 

The site currently being examined is on a straight stretch of the Enniskerry Road, just south of 
Kilternan. It has a set of 20 lights which have been put forward as a potential site to implement one of 
the ‘Lightsaver’ devices. This site is an ideal location to examine the local effects of light pollution, 
due to its isolated location and lack of any external light sources. This will reduce external 
interference from other light sources, upon the light pollution data collected and will show how 
implementing this kind of system on a large scale in other similarly situated sites could reduce the 
levels of light pollution in the countryside surrounding the city, while also producing carbon and 
money saving data. 

The methods for examining the effects under the 3 headings described earlier will be as follows: 
1) Environmental: The amount of carbon saved will be examined, based on the reduced energy 

use from Ireland’s grid mix and offset against initial carbon cost for the installation of the 
energy saving device. 

2) Economic: This will be done by means of examining the collected energy savings data and 
calculating the difference in the bills with and without the system. Again, this is offset against 
the initial cost, giving a return on investment time frame also. 

3) Social: This will be examined by means of monitoring site use pattern changes during dark 
hours, and recording complaints/ comments received by the public to the Council. 

Results and Discussion 

The results from the two existing sites in the Dun Laoghire-Rathdown area, are expected to return 
savings in terms of money and also carbon cost. The examination of the changes for the site after the 
light installation has been put in place will be used to inform the potential effects for other similar 
sites that this type of system would have. This will be discussed under  the 3 headings as outlined, in 
order to get an overview of the effect,  and be used to help illustrate how viable this option is as a 
technology for adoption by councils etc. 

Conclusions 

This project, using data from two sites in the Dun Laoghire-Rathdown area will be used to form a 
conclusion regarding the viability of the implementation of multi-step transformers for county 
councils, examining the 3 main factors they are likely to affect. 
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Abstract 

This thesis will investigate the advantages and disadvantages of the anaerobic digestion of a range of 
feed-stocks available within the Tralee bay area. The various feed-stocks will be identified and 
quantified in order to establish the viability of anaerobic digestion technologies in the area. The feed-
stocks will include grass - fresh cut and silage, food waste, farm yard wastes such as bedding, slurry 
and the organic content of municipal solid wastes. Once identified the representative samples will be 
taken of each type of feed-stock and will be tested and compared to one another in a bench scale 
anaerobic digester. The bench scale anaerobic digester will be a FerMac 200 Vessel using a 
continuously stirred batch reactor technique.  

 
Introduction 

Anaerobic Digestion (AD) is a biological process that takes place naturally when bacteria break down 
organic matter in environments with or without oxygen (Molino et al., 2012). When this process is 
controlled it produces gasses such as methane which can be captured and used a fuel. This fuel can be 
used to generate electricity and heat in a power plant or sold as a gas. The fuel produced by anaerobic 
digestion is known as biogas and it contains circa 60% methane (CH4) and 40% carbon dioxide (CO2) 
(Molino et al., 2012). A breakdown of the typical makeup of Biogas is listed in Table 1, (SEAI, 
2010).  
 

Table 1. Typical makeup of biogas (SEAI, 2010) 
Component  Chemical symbol  Concentration 
Methane  CH4  50 – 75%-vol. 
Carbon dioxide  CO2  25 – 45%-vol. 
Water vapour  H2O  2 - 7%-vol. 
Oxygen  O2 < 2 %-vol. 
Nitrogen  N2  < 2 %-vol. 
Ammonia NH3  < 1 %-vol. 
Hydrogen  H2  < 1%-vol. 
Hydrogen sulphide  H2S  20–20.000 ppm 
ppm: Parts per million; %-vol.: Volumetric percentage 

 
The objective of this thesis is to investigate the various feed stocks available in the Tralee bay 
area and carry out a number of tests to determine their digestibility. 
 
Materials and Methods 
 
Importance of anaerobic digestion 
The process of anaerobic digestion involves taking in organic material and decomposing it under 
controlled conditions (anaerobically: without oxygen) to produce gasses: biogas. Capturing this gas is 
very important for the environment in order to minimise greenhouse gas emissions. Almost all types 
of organic material can be used in an anaerobic digester facility. The disposal of municipal solid waste 
in landfill produces significant quantities of landfill gas as a result of the anaerobic decomposition of 
organic materials. Landfill gas can contain up to 65 percent methane by volume. Methane (CH4) is a 
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greenhouse gas with a global warming potential (GWP) twenty-one times that of carbon dioxide 
(CO2)’’(EPA, 2010).  An Anaerobic Digestion facility would divert a large amount of organic waste 
from landfill and by doing so; reduce the amount of gases emitted to the atmosphere.   
 
The anaerobic digestion process 
The Anaerobic digestion process involves the use of microorganisms to break down organic matter in 
a controlled environment to facilitate the capture of gases such as methane (Molino et al., 2012). The 
Anaerobic process can be split up into 4 main stages with different types of bacteria working 
simultaneously to produce the major end product, Biogas. Biogas can be used on site to generate heat 
and electricity in a combined heat and power unit or it can be upgraded to natural gas to be injected 
into the gas grid or for use in motor vehicles etc. (SEAI, 2010). In addition to biogas the anaerobic 
digestion process also produces a valuable digestate which is rich in nutrients and can be spread on 
land as a bio-fertiliser. The four stages are hydrolysis, acidogenesis, acetogenesis and 
methanogenesis, (Zizhou and Purchase, 2012). The anaerobic process can be maintained at a range of 
temperatures, psychrophilic conditions 12–16oc, mesophilic conditions 35–37 oc or thermophilic 
conditions 55–60 oc. There are advantages and disadvantages for maintaining the anaerobic digestion 
process at each of these temperatures. The residence time for the organic material in psychrophilic 
conditions can be longer while maintaining thermophilic conditions can be unstable and requires the 
addition of a heat source (Molino et al., 2012). 
  
Anaerobic digester technologies 
There are a number of different technologies and methods used in Anaerobic Digesters. The main aim 
of these systems is to ensure adequate contact of the active biomass with the organic material within 
the digester to promote digestion of the organic matter to produce Biogas and Digestate. The 
following are examples of designs of anaerobic digesters. 
• Anaerobic hybrid reactor (AHR) 
• Anaerobic sequencing batch reactor (ASBR) 
• Continuously stirred tank reactors (CSTR) 
• Expanded granular sludge bed (EGSB) 
• Fixed film reactors (FFR) 
• Fluidised bed reactors (FBR) 
• Up-flow anaerobic sludge blanket (UASB). 
(Zizhou and Purchase, 2012) 
 
This project 
A review of the National Waste Report (EPA, 2010) was carried out to assess the quantities of organic 
and biodegradable waste generated in the Tralee Bay area per annum.  The report showed the amount 
of waste collected in separate kerbside collection of household organic waste from brown bins 
amounted to 405 tonnes in 2009 increasing to 497 tonnes in 2010 from both local authority and 
private sector collections in Kerry, (EPA, 2010). Also 304 tonnes of organic waste was recovered 
from the landfill operating in North Kerry in 2010; a proportion of this waste may be suitable for 
inclusion in an anaerobic digestion system, (EPA, 2010).  
 
Farmyard manure or slurry is needed for most anaerobic digestion (AD) processes as it contains 
bacteria required to start the process. Farmyard manure can become a waste if a farmer has an 
abundance of it and not enough land to spread it on or could be restricted from spreading it due to 
restrictions. This is ideal for the AD system as it is needed to speed up the process. According to the 
central statistics office of Ireland there are 323,957 cows in Kerry (CSO, 2010). The supply of slurry 
to the AD facility should not be an issue but the location and size of the facility would impact this 
factor.  
 
Various feed-stocks will be identified specific to the Tralee bay region. Once these have been 
identified as viable sources of feed-stock, representative samples will be taken from each source. 
These samples will then be tested for biogas production rates, digestibility, Methane (NH4) production 
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and Carbon dioxide (CO2) production using the lab scale anaerobic digester where possible. This 
digester is called the FerMac 200 series.  
 
Results and Discussion  
 
Grass is abundant in Ireland with 91% of agricultural land under grass. Combined with this, Ireland 
has one of the highest grass yield in Europe and Kerry has some of the highest grass yields in Ireland 
(Smyth et al., 2011) Grass is suitable for anaerobic digestion as it can produce biogas in sufficient 
quantities, (Nizami et al., 2012). This means that Kerry has a large potential for the production of 
biogas through anaerobic digestion. According to the Central statistics office of Ireland Kerry had 
8,412 farms operating in 2010. On these farms a total of 283,736 ha of land is under silage, hay, 
pasture or rough grazing, (CSO, 2010). This is a significant resource of grass of which only a small 
proportion would be required to start up an anaerobic digestion (AD) system. A start-up of such a 
system would not have a serious impact on existing farming structures as the supply of grass to AD 
systems is almost identical to silage harvesting and the knowledge and understanding of such 
techniques is already there, (Smyth et al., 2011). Figures specific to the Tralee area will have to be 
calculated as this study progresses.  
 
Conclusions 
 
There are many types of feed stocks available for use with anaerobic digestion technology. The 
quantities and availability of these feed stocks are crucial to the successful operation of an anaerobic 
digestion facility. Tests will have to be carried out on the various feed stocks having identified the 
various feed stocks in the Tralee bay area. 
 
Acknowledgements 
 
The authors would like to thank Joe Sweeney and Kevin Bush for their assistance. 
 
References 
 
CSO (2010) Census of Agriculture. In: IRELAND (ed.). Ireland: Central Statistics Office. 
Earth, F. O. T. (2007) Anaerobic Digestion [Online]. London: Friends of the Earth. Available: 

http://www.foe.co.uk/resource/briefings/anaerobic_digestion.pdf [Accessed December 2012]. 
EPA (2010) National Waste Report. Ireland: Environmental Protection Agency. 
Molino, A., Nanna, F., Ding, Y., Bikson, B. & Braccio, G. (2012) 'Biomethane production by 

anaerobic digestion of organic waste'. Fuel 103, 1003-1009. 
Nizami, A. S., Orozco, A., Groom, E., Dieterich, B. & Murphy, J. D. (2012) 'How much gas can we 

get from grass?' Applied Energy, 92, 783-790. 
SEAI (2010) Anaerobic Digestion A case study - McDonnell Farms Biogas Limited, Shanagolden, 

Co. Limerick. Ireland. 
Smyth, B. M., Smyth, H. & Murphy, J. D. (2011) 'Determining the regional potential for a grass 

biomethane industry'. Applied Energy, 88, 2037-2049. 
Zizhou, N. & Purchase, B. S. (2012) 'The increasing role of anaerobic digestion as a source of energy'. 

Conference paper, Proceedings of the Annual Congress - South African Sugar Technologists' 
Association, 12. 

 
 

80



DEVELOPMENT OF A DIGITAL THREE DIMENSIONAL SUB-
SURFACE MAP OF THE UCD CAMPUS USING HISTORICAL 

GEOLOGICAL SITE INVESTIGATION RECORDS 
 
Eithne O’Flaherty and Phil Hemmingway 
UCD School of Biosystems Engineering, University College Dublin, Belfield, Dublin 4, Ireland  
 
Abstract 
 
Geothermal energy is an under developed renewable energy resource in Ireland but significant 
potential for the utilisation of this energy resource exists. Further research and funding is required to 
make geothermal energy a more established energy source in the country. A potential accompaniment 
to help the development of geothermal energy in Ireland is to present the potential geothermal areas 
using a sub-surface three dimensional map. The construction of a sub-surface 3D map of the 
University College Dublin campus using site investigation records was investigated for this thesis 
project. The development of the sub-surface 3D map could identify areas suitable for geothermal 
technologies on the campus and this could attract more investment into the technology. This project 
will also help the university to decrease site investigation costs and will also increase the time 
efficiency of construction planning on the campus.  
 
Introduction 
 
Geothermal energy is an attractive renewable energy resource which could help reduce Ireland’s 
reliance on fossil fuel based energy systems. Geothermal energy is an energy resource that is 
constantly available and in any weather conditions unlike wind and solar energy. 
 
Geothermal energy typically produces no Carbon Dioxide (CO2) emissions during its operation and 
there is a good geothermal resource in Ireland (Hurter and Schellschmidt, 2003). According to Jones 
et al. (2007) there is great potential for Ireland to develop geothermal technologies due to the 
country’s rainfall levels and temperate climate that gives dependable conditions for soil thermal 
conductivity, which is one of the key considerations when installing a geothermal energy system 
(Jones et al. 2007). According to Goodman et al. (2004) there is good potential in Ireland for the 
future development of geothermal energy for commercial applications. At the moment there is no 
electricity generation from geothermal resources in Ireland due the high construction costs associated 
with it (O’Rourke et al., 2009).   
 
University College Dublin has been involved in the research and development of geothermal energy 
in Ireland and researching installation of geothermal technologies on the UCD campus. A previous 
study on deep geothermal exploitation (4-5km in depth) on the UCD campus demonstrated there 
would be a high risk and cost required for this type of exploitation. It was decided by the university to 
look into shallow geothermal exploitation as the risks and costs are not as high as deep geothermal 
exploitation (Hemmingway and Long, 2011). Currently there is no sub-surface 3D map that shows 
areas of geothermal potential on the UCD campus. By building a 3D subsurface map this would be a 
useful tool for future construction projects on the campus and could aid on deciding the most suitable 
areas to install a geothermal technologies within the building foundations at the beginning of any 
construction project.  
 
The objective of this study is to construct a 3D sub-surface map of the UCD campus showing 
areas of geothermal potential and to act as a useful tool for future construction projects on the 
UCD campus. 
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Materials and Methods 
 
This project will not involve doing experimental lab work, this is a desk study and it will involve 
building the 3D map using appropriate software and site investigation records. The appropriate Office 
Risk Assessment will be put in place for this desk study. 
 
Site investigation records  
According to Jones et al. (1986) when building a sub-surface map the two main factors that need to be 
considered are data and the interpretation of the data made by the person building the map. Therefore 
in order to construct the sub-surface 3D map, site investigation records are the main source of data 
used for the map’s construction. The School of Civil, Structural and Environmental Engineering in 
UCD has provided site investigation records that have been done previous to any building 
construction on the campus. Additional records from the Geological Survey of Ireland will be used to 
provide further information on the sub-surface of the campus. Figure 1 shows an image of the UCD 
campus using the Geological Survey of Ireland on-line mapping tool and the boreholes present on the 
campus can be seen. The site investigation records can give valuable geological details on the sub-
surface of the campus. The data found in the site investigation records will be evaluated appropriately 
and used to construct the map. These records can give information on the different soil types and the 
depths at which they are present at.  
 
A challenge that has been identified with using the site investigation (SI) records is the correct and 
accurate interpretation of the records. From reviewing the SI records it can be seen that the records 
may describe the same sub-surface feature but use different ways and terms of describing the feature. 
This may cause confusion and incoherence throughout the data evaluation. With this in mind a soil 
classification method will be used to help categorise the subsurface geology appropriately and to keep 
the records coherent throughout the 3D map. 
 
When the site investigation records are being interpreted it is important that the data is consistent and 
it is referring to the same Ordnance Datum (OD) reference between each site investigation. An OD 
reference is used by the ordnance survey to determine altitudes on maps. There are two OD reference 
points that can be seen in the site investigation records. The most recent OD reference point is the 
mean sea level of the tide gauge in Malin Head Co. Donegal. The second OD reference point is the 
low water mark of the spring tide in Poolbeg, Co.Dublin.  If the site investigation records use different 
reference points it is important to calculate or use the same reference point throughout the data 
collection as not to cause any inconsistency with the data. For this project the Malin Head OD will be 
referred to and calculated to instead of the Poolbeg OD. The Poolbeg OD is 2.7 metres lower than the 
Malin Head OD. Site investigation records that refer to the Poolbeg OD will be calculated to the 
Malin Head OD. 
 
Software 
The software that will be used to construct the 3D map is called ‘Surfer’. After the evaluation of all 
the site investigation records has been done, ‘Surfer’ can be used to build the 3D map using the data 
found in the records. The data from the site investigation records will be stored on Microsoft Excel. 
The steps required to construct the sub-surface 3D map using the ‘Surfer’ software are shown in 
figure 2.  
 
Firstly a XYZ data file is created, this is a file that has three columns where the data can be entered. 
Column one and two will contain the X and Y values and the third column Z will contain the values 
that are assigned to the XY values.  
 
Next a grid file is required to create a contour map or a wireframe map. The grid data command 
consists of three columns X, Y and Z and it is used to create the grid file. Once a grid file is created it 
can be used to build a contour or wireframe map. A contour map shows areas of equal height/depth 
and can be created using the contour map command that is based on the grid file. A wireframe map is 
a 3D illustration of the grid file and it is created using wire frame command. 
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Results and Discussion 
 
As the collection and data evaluation of the site investigation records are on-going the expected 
results are discussed. The mapping of geothermal areas is a relatively new area in Ireland and 
therefore there are limited previous examples available in the country. There is literature available that 
show the convenience of building a sub-surface 3D map for learning and locating areas for 
geothermal energy exploration. Calcagno et al. (2012) built a 3-D sub-surface map to help identify 
and learn about the sub-surface of the geothermal province of Bouillante, French West Indies. The 3-
D map was able to give a better understanding of the sub-surface geology. The predicted results of the 
UCD 3D sub-surface map are that areas suitable for geothermal technologies will be indentified and 
the map will act as a useful accessory for any future construction projects on the campus. 
 
Conclusions 
 
The construction of a sub-surface 3D map can be a valuable tool to help develop geothermal energy in 
Ireland. If the appropriate data and data interpretation is collected and constructed into a 3D sub-
surface map it will demonstrate valuable and practical data. The map will potentially identify areas 
suitable for geothermal utilisation on the UCD campus and could make geothermal energy an 
attractive technology to install for current and future buildings on the campus. The map will also help 
cut costs and time on unnecessary site investigations on the UCD campus for future construction 
projects. 
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Abstract 
  
In Ireland, food waste is the main component of the waste stream as measured by weight. Most of the 
food waste produced in Ireland is disposed of in landfill, this is associated with increasing costs 
associated with waste disposal and energy supply thus creating government and public concerns 
associated with environmental impact and greenhouse gas emission. Anaerobic Digestion technology 
will be utilised to evaluate the composition of food wastes generated in restaurants. Food wastes of 
interest are chicken, meat, white cabbage, potato flakes and blending melted pork lard. This study will 
explore which types of food wastes to stimulate protein, cellulose, carbohydrates and lipids. The 
methane production and time for soluble chemical oxygen demand and volatile fatty acids will be 
conducted in every batch system using the FerMac 200 Anaerobic Digestion Vessel. The methane 
yield is expected to be approximately 0.40 m3 CH4/kg VS (excess of carbohydrates) and 0.49 m3 
CH4/kg VS (excess of lipids). Overall, significant changes in process performance are expected with 
larger anaerobic digestion facilities and wide variations in lipid inputs.  
 
Introduction 
 
In Ireland, food waste is the main component of the waste stream, Ireland produces greater than 
400,000 tonnes of food waste each year (Ireland EPA, 2010). Most of the food waste produced in 
Ireland is disposed of in landfill, this is associated with a negative environmental impact and 
greenhouse gas emissions. There is a current requirement for renewable, cleaner and more green 
sources of energy and energy recovery from food waste is becoming a more economically viable 
practice (Han and Shin, 2004; Holm-Nielsen et al, 2009).  
 
Due to the relatively high moisture content of food waste, bioconversion technologies such as 
anaerobic digestion are more preferable and suitable compared to thermo chemical conversion 
technologies, such as gasification and combustion.  
 
Several factors affect the performance of anaerobic digestion processes, feed stock characteristics, 
anaerobic digestion reactor design and operation conditions (Fischer et al, 1986; Hawkes, 1980).  
Depending on the sources, food wastes can be highly variable. In the literature, some characteristic 
types of food wastes that have been explored, indicating carbon to nitrogen ratio (C/N) of 14.7- 36.4, 
moisture content of 74- 90% and volatile solids to total solids ratio (VS/TS) of 80-90% (Steffen et al, 
1998; Miller and Clesceri, 2003). 
 
The objective of present study is to evaluate energy recovered from food wastes and to 
determine how this energy may be used as a valuable source of renewable energy.  
 
Materials and Methods 
 
Characterisation of food waste 
In University College Dublin, synthetic restaurant waste represents a significant portion of waste 
which includes chicken, meat, potato flakes, white cabbage, salad and blended lard of pork; all of 
which simulate protein, carbohydrates, cellulose and lipids to different degrees. The food waste from 
the main restaurant in University College Dublin will be used as a composite sample each week for 
seven days at a time. The particle size of the food waste will be between 1-3 mm and stored at 
temperature of 4oC during the 5 working days (Monday to Friday). 
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Inoculum 
Granular sludge will be required as inoculum from an up flow anaerobic sludge blanket reactor. The 
solid content of the inoculum could be around 100 mg VS/g of sludge with VS/TS of 65%.  
Batch experiments and analytical methods 
Preliminary batch experiments will be conducted in the FerMac 200 Anaerobic Digestion Vessel, in 
order to verify the suitability of the different types of food waste. Standard methods as described by 
(APHA et al, 1989) will be used to determine the COD, TS and VS. 
 
Results and Discussion 
 
The biodegradability of organic waste is indicated by methane yield or biogas and percentage of 
volatile solids to total solids that are destroyed in the anaerobic digestion process. The biogas yields of 
several types of food wastes have been found to be 277, 485, 294 and 472 mL/g VS for mixed food 
wastes, cooked meat, boiled rice, and fresh cabbage respectively, which correspond to 73%, 82%, 
72% and 86% of the stoichiometric biogas yield, respectively.  
 

Table 1. Characterisation of the synthetic restaurant waste (Neves et al, 2008).  
Gwwa, Mass of raw restaurant waste expressed in grams per wet weight. 

TKN, Total Kjeldahl Nitrogen. 

 
In this study, an increased methane yield is expected with increasing the hydraulic retention time, this 
will be more than that yielded in previous studies; 196 mL CH4 /g COD added (Neves et al, 2008 and 
0.489 m3 /kg VS for the organic fraction of municipal solid waste for the city of Barcelona (Mata- 
Alvarez, 2003). 
 

Table 2. Require time to achieve 50% and 85% of the theoretical methane potential, final methane 
yield and volatile solids reduction (Neves et al, 2008). 
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Figure 1. The methane production versus time in the assay with excess of protein (○), cellulose (∆), 

lipids (□), carbohydrates (×) and the assay of equal COD quantity (◊) (Neves et al, 2008). 
 
 
Conclusion  

The degradation of the restaurant waste under methanogenic conditions in batch system depends on 
waste composition. The lowest accumulation of volatile fatty acids is associated with an excess of 
carbohydrates. In previous studies, 50% of the theoretical methane potential was achieved after 3 days 
along with 85% biodegradability, this required 30 days of hydraulic retention time. Overall, 
significant changes in process performance are expected with larger anaerobic digestion facility and 
wide variations in lipid inputs. 
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NUCLEAR ENERGY FEASIBILITY STUDY: A CASE STUDY OF 
IRELAND 

 
Mark Ruane, Nicholas Holden 
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Abstract 
 
Great emphasis has been focused on the environment worldwide with the growing concerns over 
global warming and dwindling resources of fossil fuels, focus is turning to renewable technologies 
(wind, solar, hydro, biomass, etc...) and nuclear energy. With this in mind the European Union is 
setting proactive targets for each of its member states such as the 20-20-20 targets which propose a 
"20% reduction in EU greenhouse gas emissions from 1990 levels, raising the share of EU energy 
consumption produced from renewable resources to 20% and a 20% improvement in the EU's energy 
efficiency." In Ireland the renewable sector has been highlighted as the ideal method of reducing 
emissions and reducing its reliance on imported fuels giving both economic and environmental 
incentive to support this plan of action. Nuclear power is a clean energy technology which has been 
left out of the debate due to it being perceived in a negative light by the public. This report will 
examine multiple nuclear energy technology systems and a review of the environmental impacts 
associated with the life cycle of a nuclear energy system will be compared to the systems (coal, 
natural gas, renewables) already in place.  
 
Introduction 
 
Ireland is an island located to the north-west of continental Europe with some of the highest potential 
for the development of wind and tidal energy in the world. These technologies have been getting large 
funding from the government for their development and deployment through grants and policy 
incentives. These technologies have the inherent problem that they produce intermittent levels of 
energy which is unpredictable in the long term and cannot be relied upon for a continuous supply of 
energy to meet the demand throughout the year. This is why coal, natural gas, oil and peat plants are 
employed to fill in the rest of the grids demand. This study will look at whether nuclear power would 
be suitable to replace these fossil fuels and if the result would have a beneficial impact to Ireland.     
Carnsore Point was proposed in 1968 in response to the energy crisis at the time. The plans were 
halted after a series of campaigns from environmental groups were launched to protest its 
construction. No proposal for a nuclear power plant has been made since but in April 2006 a 
government commissioned report by ForFás (Ireland's policy advisory board for enterprise, trade, 
science, technology and innovation) noted nuclear energy should be reconsidered to "secure its long-
run energy security" (Forfás, 2006; WNA, 2013). Approximately 87% of Irelands gas comes from 
interconnectors in the United Kingdom (Bord Gáis, 2013). This means if there is an issue with the 
United Kingdom's supply or with the interconnectors themselves, Ireland could potentially be unable 
to meet the demands and have to import more electricity from the interconnected grid. This leads to 
higher gas prices and higher electricity import prices which is an unsustainable position for Ireland.  
The International Atomic Energy Agency (IAEA) is the organisation which helps countries set up 
their nuclear energy programs. The IAEA report to the UN General Assembly and security council. 
Nuclear energy can be a reliable, clean and safe alternative to fossil fuels. There is a wide range of 
countries which could supply the nuclear fuels and Ireland could have the potential to export excess 
electricity bringing money into the economy. The planning and development of a nuclear power plant 
takes approximately 10 - 15 years to complete (IAEA, 2011). This study focuses on nuclear fission 
although the current advancements of fusion will be covered in depth in the literature review.  
 
The objective of this study is to determine the potential nuclear technology, scale of plant and 
optimum location to meet Ireland's energy needs. 
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Procedure 
 
This report will deal with the legislation, the regulation of a facility, the national grid and the need to 
develop the infrastructure to accommodate a nuclear energy facility. The energy output, site details 
and fuel source will be determined by the reactor technology chosen. The location will need to be 
away from densely populated areas, have access to a grid connection which can take a substantial 
energy load and be in proximity to a main road for easy of transport of materials.     
 
The waste management facility would have to be decided upon. The options are on site, off site and 
exportation. On-site waste management of nuclear wastes would deal with the wastes after it is 
removed from the reactor on the same grounds as the reactor which would minimise risk. Off-site 
waste management would need to facilitate the safe transport of the waste to ensure minimum risk to 
drivers while it is being transferred from reactor to the treatment facility. The other option is to export 
the waste to a facility such as Sellafield which would incorporate the need for international 
agreements as well as the pre-existing conditions that are in place for the off-site facility.  
 
A life cycle analysis will also be carried out to assess the environmental feasibility of nuclear energy 
compared to other popular energy systems both renewable and fossil fuels. Using the International 
Atomic Energy Agency (IAEA) guidelines a system map will be designed to help visualise the 
process and aid in the planning of the study. 
 
Results and Discussion 
 
A report from the Sustainable Energy Authority of Ireland (SEAI) noted the primary energy demand 
in 2008 to be 16.3 Mtoe and is projected to grow to 17 Mtoe by 2020. That breaks down to 1,436 
Ktoe of coal, 8,964 Ktoe of oil, 4,491 Ktoe of gas, 845 Ktoe of peat with the remainder in renewables 
and energy imports in 2008 and 705 Ktoe of coal, 9,952 Ktoe of oil, 8 4,947 Ktoe of gas, 174 Ktoe of 
peat projected to be used in 2020 (SEAI. 2009). 
 
This report shows there is a lot of potential to reduce the burden of Irelands fossil fuel dependency 
with a cleaner, more energy dense nuclear alternative. The results are expected to show that the 
integration of nuclear energy into Ireland will improve the infrastructure, will reduce risk of fuel 
shortages and sudden price hikes. It will also demonstrate the health benefits associated with replacing 
the fossil fuels power plants for the general population. It is expected that Ireland will turn from a 
mass imported of fuels to an exporter of electricity which will in turn, benefit the economy.  
 
Other benefits that will result from starting a nuclear program will be the development of knowledge 
and skills amongst the people empowering a new area of research and expertise that was not existent 
in Ireland before.  
 
Conclusion 
 
There is a high level of public concern associated with nuclear energy especially taking into account 
the recent Fukushima incident. This could cause great difficulty and expense getting any nuclear 
project past the first stages of development.  
 
This report is expected to show that nuclear power is an ideal technology to synergise with renewable 
energy sources and to replace fossil fuels in an Irish scenario. It has the potential to reduce the cost of 
energy, reduce emissions and be able step up to the world stage in another area of research.   
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Abstract 
 
An Anaerobic Digestion System’s methane production yield depends greatly on the extent of 
which optimum growth conditions are provided to each of its comprising microbial 
communities. The speed and accuracy with which sensory data can be obtained and deduced 
with regards the reactor’s environment dictates the speed and accuracy automated adjustments 
to specific reactor parameters can be made. It has been well documented that the 
concentration of Volatile Fatty Acids (VFA) and their ratio of existence to one another has the 
greatest impact on a reactor’s performance and it is to this end that the development of a 
whole cell biological sensor that can accurately and rapidly detect Acetate and Propionate 
concentrations within leachate samples extracted from the Hydrolytic Phase of a Two-Phase 
Anaerobic Digestor was investigated. 
 
Introduction 
 
Ireland has huge potential for the implementation of fully automated on-farm Anaerobic 
Digestion Systems as there are a multitude of organic substrates that these reactors can be 
operated on. Crop residues, manure and perennial grass silage are ideal substrates as they are 
readily available on-farm and have little or no fossil fuel input requirements with regards 
production or transportation. Rising fossil fuel costs which have increased the overhead costs 
of both running farm machinery and purchasing of fossil fuel produced ammonia/nitrogen 
based fertilisers, coupled with the fact that 91% of Irish agricultural land is already under 
grass, makes the cost-benefit implementation of an on-farm Anaerobic Digestion System 
more appealing (Nizami and Murphy, 2010). Farmers could not only generate “green” 
electricity for sale to the grid or for their own use but could sell or reuse the reactor processes 
digestate (end product) as a viable ammonia/nitrogen based organic fertiliser (Andersson et 
al., 2002). A consistency that exists with regards various Anaerobic Digestor deployments is 
that increasing its methane yield per reactor volume size is only achievable if its monitoring 
and control mechanisms are also increased. The highest methane production yields per 
bioreactor volume size are achieved when a reactor’s organic loading rate (OLR) is 
maximised and its Hydraulic Retention Time (HRT) minimised, this is accelerated if the 
various microbial communities that comprise a reactor’s environment are provided with their 
respective optimal growth conditions (Vandevivere et al., 2003).  
 
The various microbial communities that an anaerobic digestor comprises of can be divided 
between the Methanogenic or Hydrolytic bacterial groups. The two microbial groupings 
operate within their own very distinctive operational parameters and to exploit this 
phenomenon Two-Phase Anaerobic digestors coupled to digestor specific monitoring and 
control systems have been developed (Miyamoto, 1997; Vandevivere et al., 2003).  
 
The objective of this project is to identify a robust, long lasting biological sensor that 
will provide real time sensory data regarding the physical and chemical composition of 
leachate exiting the hydrolytic stage of a Two-Phase Anaerobic Digestor.  
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In a perfect system 100% of the inputted Organic Substrate would be converted to Acetate 
which would in turn be passed to the Acetate only utilising methanogens. Unfortunately due 
to various preventable inhibitory conditions that arise within unsupervised Hydrolytic-Phase 
vessels, other VFAs in conjunction with Acetate are produced (Miyamoto, 1997; Andersson 
et al., 2002). The accumulation of the Propionate VFA is synonymous with the inhibition of 
the acetate producing pathways within specific acetogens and it is to this end that the 
proposed biological sensor will be capable of independently measuring both the Acetate and 
Propionate VFA concentrations, thus enabling real time inhibitory preventions to be made 
(Andersson et al., 2002).  
 
Two prominent methods for the detection of overall Volatile Fatty Acid concentrations within 
physically extracted and centrifuged leachate samples are titration (Dr Lange Cuvette Test®) 
and enzymatic assays (Zeravik et al., 2010; Rajashekhara et al., 2006). These assays which 
are expensive and have very short operational windows are incapable of accurately 
identifying individual VFA concentrations and as such are unsuitable for the purposes of 
monitoring and control where individual VFA components and their ratio to one another are 
required. Due to the similarity of the chemical structures individual VFAs have to one 
another, GC is the only apparatus capable of identifying the individual VFA constituents 
samples may comprise of (Rajashekhara et al., 2006). Due to its expense, size and as like 
titration and enzymatic assays requirement for the centrifugation and filtration of samples, it 
is also unsuitable for use within automated monitoring and control systems. 
 
The proposed Biological Sensor will be based on Whole Cell Biological Oxygen Demand 
(BOD) Sensors which are already in operation (Hikuma et al., 1981; Liu and Mattiasson, 
2002). These sensors map the oxygen usage readings a genetically engineered yeast strain has 
for a BOD containing test sample, to an estimated BOD concentration for that sample. These 
sensors have been reported as being quite robust, cheap and with operational times in excess 
of 3 months. The update frequency of such sensors ranges from 8 – 30 minutes and the 
sample provided does not require centrifugation (Liu and Mattiasson, 2002). The sensor has 
been reported as producing Concentration reading as low as 100mg/L (Liu and Mattiasson, 
2002) which when considering a leachate sample’s Acetate and Propionate concentrations are 
in the range of 8900mg/L and 4500mg/L (Andersson et al., 2002) respectively suggests that 
an equivalent Propionate and Acetate version would be an ideal sensor for the automated 
control of a Two Phase Anaerobic Digestion System.  
 
The proposed sensor will use a 2-Methylcitrate pathway possessing wild type microbe and a 
corresponding mutant strain. The mutant strain’s ability to use propionate via its only 
propionate utilising 2-methlycitrate and Citrate pathways (Horswill et al., 1999; Textor et al., 
1997; Man et al., 1995) will have been removed and when its O2 uptake is correlated against 
that of the wild type strain, the independent concentrations of the two VFAs are proposed to 
be identifiable. 
 
Materials and Methods 
 
Selection of a microbial strain 
Numerous microbial strains will be reviewed and selected for further experimental studies 
based on their ability to utilise both acetate and propionate as their sole and combined carbon 
sources. There are a number of microbial species that can oxidize acetate and propionate by 
their respective Citrate and 2-Methylcitrate pathways (Liu and Mattiasson, 2002) but only 
those strains that do so at a high enough rate of reaction will be maintained for the second part 
of this experiment, which is the genetic manipulation of said pathways. 
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Conclusions 
 
To date there does not exist affordable robust sensory equipment capable of providing an 
automated real time analysis for a leachate sample’s VFA composition. The provision of such 
a sensor would allow for the implementation of an automated maintenance and control system 
that would provide both microbial communities (phases) of a Two-Phase anaerobic Digestor 
with their respective optimal operational parameters, thus maximising the reactor’s methane 
yield per reactor volume output. 
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Abstract 
 
Raw material composition of biomass pellets such as gross calorific value (GCV) and moisture 
content (MC) are crucial to ensure the optimistation of an energy conversion process. The 
potential of hyperspectral imaging, combined with chemometrics, to predict MC and GCV of 
biomass pellets of pine and energy grass blends was assessed using the near infrared region 
from 900 – 1700 nm. Partial least squares regression validation models for the prediction of CV 
over a range from 16.39 – 19.38 MJ kg-1 yielded a coefficient of determination (R2) of 0.94 and 
a root mean square error of cross validation (RMSECV) of 0.23MJ kg-1. The developed MC 
model achieved an R2 value of 0.91 with an RMSECV of 0.52% with a range of 6.16 – 13.83%. 
These results were achieved using multiple biomass varieties. The results indicate that 
hyperspectral imaging could be used to determine certain quality parameters of biomass pellets. 
 
Introduction  
 
The migration of energy systems from fossil fuel based to renewable forms of energy is 
greatly needed in order to limit climatic changes which may be caused by non-neutral CO2 
emissions (Lestander and Rhen, 2005). The use of biomass pellets as a feedstock for energy 
production is one alternative. The majority of pellets produced globally utilise wood chips as 
a feedstock (Allison et al., 2009). Due to realistic harvest yields and recovery rates, wood as a 
feedstock may not meet the growing demand for pellets (Nolan et al., 2010). Alternative 
sources of feedstocks including energy crops and herbaceous energy grasses are of potential 
for the production of alternative pellets. Raw material composition significantly influences 
the quality of the pellets combustion, emissions and efficiency (Nolan et al., 2010). 
 
Raw material composition of biomass pellets such as gross calorific value (GCV) and 
moisture content (MC) are crucial to ensure the optimistation of an energy conversion 
process. MC is an important parameter during combustion as levels that are outside an 
optimum value can impede the ignition of the material leading to inefficiencies. GCV is a 
measure of the chemical energy bound in a feedstock; this energy is released during 
combustion, it is considered the most important property of solid biofuels. The prediction of 
these parameters in a rapid and non-destructive manner would allow for reduced variability of 
biomass products while simultaneously increasing conversion efficiency.  
 
Hyperspectral imaging is a rapid, non-destructive and reagent-less analytical technique 
employed widely in diverse fields including agriculture (Monteiro et al., 2007) and food 
(Barbin et al., 2012; Gowen et al., 2009). Hyperspectral imaging combines aspects of 
conventional imaging and spectroscopy providing both spatial and spectral information of a 
sample (Gowen et al., 2009). The information is gathered in two spatial dimensions and a 
spectral dimension in the form of a hypercube. Each pixel of the image contains an entire 
spectrum, thus hyperspectral images are rich in information. Hyperspectral imaging in the 
near infrared region is a possible method of predicting quality parameters of biomass pellets. 
 
The objective of this study was to determine the CV and the MC of biomass pellet 
blends containing pine and herbaceous energy grasses using hyperspectral imaging. 

95



Materials and Methods 
 
Biomass pellet production 
Pellet blends (n = 15) were produced from biomass (Reed Canary Grass (RCG), Miscanthus 
(M), Tall Fescue (TF), Pine1 (P1) and Pine2 (P2)) obtained from the Teagasc Crops Research 
Centre (Oakpark, Co. Carlow). The pellets were produced using a Greenforce MZLP 250 kg 
hour-1 pellet mill in Lyons Research Farm, Co. Dublin. The pelletising process involved 
movement through a 5 kW hammer mill with an 8 mm screen. The material was then forced 
through a 6 mm die to form the cylindrical pellets. A portion of the pellet samples were 
ground to a particle size of 1 mm for use in the laboratory analysis. The samples were stored 
in air tight containers prior to analysis. 
 

Table 1. Composition of the biomass pellet samples 
Sample Component 1 

(g 100g-1) 
Component 2 
(g 100g-1) 

Sample Component 1 
(g 100g-1) 

Component 2 
(g 100g-1) 

RCG100 100 - M40P260 40 60 
RCG75P125 75 25 M20P280 20 80 
RCG50P150 50 50 P2100 100 - 
RCG25P175 25 75 TF100 100 - 
P1100 100 - TF75P125 75 25 
M100 100 - TF50P250 50 50 
M80P220 80 20 TF25P275 25 75 
M60P240 60 40    

 
Determination of quality indices 
MC and GCV were determined in triplicate according to Gillespie et al. (2013). 
 
Hyperspectral Imaging system 
The hyperspectral imaging system used is similar to that used by Gillespie et al. (2013). 
 
Data Analysis 
In this study spectral data for analysis was limited to the wavelength range of 950-1671 nm 
due to the high noise level, possibly due to decreased CCD detector sensitivity and low signal 
efficiency of the light source outside of this range. The hypercubes were obtained using the 
acquisition software SScanner (v1.4.5, DV Optics, Padua, Italy). For each sample, multiple 
hyperspectral line scans were taken and the mean reflectance spectra was taken over the entire 
area of the pellet sample. The average spectra for each of the 20 pellets of each variety were 
obtained using the region of interest (ROI) tool in the environment for visualizing images 
(ENVI) software (v4.4, Exelis Visual Information Solutions, Boulder, Colorado, USA). These 
pellet spectra were then used to obtain an overall mean spectra for each pellet blend (n = 15). 
The extracted spectra were then imported into the Unscrambler X software (v10.2, CAMO 
Software AS, Oslo, Norway) for further analysis. The spectra were subjected to a number of 
pre-treatments including first and second derivative steps and multiplicative scatter correction 
(MSC) prior to regression analysis. Partial least squares (PLS) calibration models were 
developed and validated using full cross validation, in order to predict the MC and GCV of 
the biomass pellets. A number of criteria were used to determine the accuracy of each 
calibration model developed including the coefficient of determination (R2) and root mean 
square error of cross validation (RMSECV). The practical utility of each model was 
determined using the range in error ratio (RER), which is calculated by dividing the range of 
the independent variable by the prediction error for that variable. The RER value standardises 
the RMSECV by relating it to the range of the reference data. 
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Results and Discussion 
 
Prediction of Calorific Value 
The CV of the biomass pellets was accurately predicted using hyperspectral imaging coupled 
with partial least squares regression with an R2 value of 0.94 and a root mean square error of 
cross validation of 0.23 MJ kg-1 (Figure 1a). The RMSECV, R2, RER (12.77) and RPD (4.14) 
values indicate that the developed model had an excellent fit with the data and could be used in 
any application. The first 3 loadings of the developed model are shown in Figure 1b. These 
loadings accounted for 97%, 2% and 0% of the spectral variance and 46%, 20% and 31% of the 
reference data variance, respectively. Important regions for the prediction of the GCV can be 
identified in Figure 1b. These regions include 1097nm, 1188nm, 1293nm, 1349nm, 1398nm, 
1454nm and 1482nm. These regions have been attribute to specific functional groups previously 
by Osborne and Fearn (1986). The region at 1097nm is related to the stretching of C-H and C-C 
bonds. The regions of the spectrum at 1188nm and 1349nm are related to the stretching of the 
C-H bonds of CH3. The regions at 1293nm and 1398nm are related to the stretching of CH and 
CH3, respectively. The regions identified at 1454nm and 1482 nm are related to the stretching of 
the O-H bonds of H2O and glucose, respectively.  

 
Figure 1. (a) Partial least squares regression validation plots of predicted versus actual calorific 

value (CV) and (b) PLS loadings plots for preferred models of CV. 
 
Prediction of Moisture Content 
The MC of the biomass pellets was also accurately predicted with an R2 value of 0.91 and an 
RMSECV of 0.52% (Figure 2a). The RER (14.77) and RPD (3.23) values indicate that as with 
GCV the model has a close fit with the data and could be used in any application. The first 3 
loadings of the developed model are shown in Figure 2b. These loadings accounted for 95%, 
2% and 1% of the spectral variance and 32%, 56% and 6% of the reference data, respectively. 
The regions of the spectrum that are important for the prediction of the MC of biomass pellets 
include 950nm, 1139nm, 1223nm, 1405nm, 1456nm, 1601nm and 1664nm.  

 
Figure 2. (a) Partial least squares regression validation plots of predicted versus actual moisture 
content (MC) and (b) PLS loadings plots for preferred models of MC. 
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The regions of the spectrum at 950nm, 1139nm, 1223nm, 1601nm and 1664nm are related to 
the stretching of C-H bonds of CH2, aromatics, CH, =CH2 and cis-RCH=CHR, respectively. 
The regions at 1405nm and 1456nm are related to the stretching of the O-H bonds of ROH and 
H2O, respectively. 
 
Conclusions 
 
Both the moisture content (MC) and the gross calorific value (GCV) of biomass pellets were 
successfully predicted using hyperspectral imaging. The results of this study were achieved 
using multiple biomass varieties. Due to the limited number of samples used in the study (n = 
15) further models with a greater number of samples should be developed to allow for more 
robust predictions of MC and GCV to be made. The results indicate that hyperspectral 
imaging could be used to determine quality parameters of biomass pellets in a non-destructive 
manner. 
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Abstract 
There is no doubt that world ecosystems are threatened by the climate change. Especially, 
coral reefs since they are very sensitive to temperature changes. Coral reefs are distributed 
globally in medium depth shallow waters. There is a lack of systems allowing middle shallow 
waters surveying. The proposed design is a kayak-based apparatus, able to take photos, record 
video, seabed 3D reconstruction, and take real coral reef samples. Once finished, the project 
will be extremely useful since the expected result is the creation of a worldwide 3D seabed 
reconstruction shared database. This would significantly facilitate researchers’ job. 
  
Introduction 
In recent decades a new path for sustainable development thinking is being introduced in 
order to preserve the environment. To keep following this path there is a need for new 
methods facilitating researchers’ work. This paper introduces the design of a system to 
monitor, map and take samples from the seafloor at medium depth shallow waters. The main 
goal of the project is to be serve as a tool to study, protect and facilitate research on coral 
reefs. Coral reefs are distributed around the world occupying a 0.01% (~51,000.02 km2) of the 
Earth’s surface and giving home to approximately 25% of marine species (Spalding and 
Grenfell 1997). These circumstances make the task of surveying harder, since actual systems 
are not designed to operate in medium depth shallow waters. Therefore, present methods are 
limited, expensive, potentially dangerous, and time consuming (Mora et al. 2011). Moreover, 
coral reefs are extremely sensible to climate change. Small climate changes can devastate 
large regions of coral reef populations as the case of Okinawa in 1998 where an increase in 
ocean temperatures of a few degrees destroyed most of the corals (Hogue and Jenkin, 2006). 
However, this sensibility to climate changes presented by coral reefs can be used to analyse 
fishing intensity, environmental impacts and rates of recovery if used with accurate 
information of the site (Shortis and Harvey 1998). 
 
In the first phase of the design, a literature review has been done in order to check previous 
designs for similar purposes. These earlier designs can be classified in three groups according 
to their main final use: Hydrographers, fish tracking and survey, and underwater vision 
systems. Hydrographers, are normally implemented on a kayak and focused onto very 
shallow waters, include a Global Positioning System (GPS) and an echo-sounder that through 
the adequate software reconstruct seabed cartography. However, do not use or include 
cameras for seabed imaging or 3D reconstruction (Hampson et al., 2011), (Biascoechea, 2011, 
(MacMahan, 2001a). Reviewed fish trackers are also mounted as kayak apparatus but, due to 
the lack of investigation in this part of the field, implemented systems are simple. Meyer and 
Holland (2001) developed a system using a GPS and a hydrophone that stored data for fish 

tracking. The objective of that project is to design and construct a low cost 
underwater video mapping system to reconstruct the seabed, get samples and 
share this information throughout the WWW. 
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On the other hand, Wang et al. (2007) used a kayak for dolphins’ survey with no hardware 
additions on it. Underwater vision systems have been usually designed to operate into either a 
Remotely Operated Vehicle (ROV) or an Autonomous Underwater System (AUV). These 
systems have been especially designed to record and map middle shallow waters using a 3D 
camera structure and an adequate software or algorithm. However, ROVs and AUVs are not 
designed with positioning systems (Bonin et al., 2011, Hogue and Jenkin, 2006, Wunsch and 
Richter, 1998)  
 

Table 1. Previous designs, literature review. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The target end point of this project is the creation of a system to study and control coral reefs 
and its evolution. Since coral reefs are largely extended around the world the system has to be 
easy to use, non-expert personnel required, cheap and simple. In A long-term vision, the aim 
of the project is to provide a tool that mixing cheap technology and the WWW constructs a 
worldwide coral reefs map with real photos and videos, and have the possibility to take 
samples if is needed. According to these premises, a kayak-based is being designed. The use 
of a kayak is due to its characteristics. A kayak is an eco-friendly water-craft with no 
emissions, easy to launch, relatively cheap (~$8,000), can go to places where motorized boats 
are banned, have less required personnel for its operation and less maintenance. However, it is 
not easy to fit all equipment into the boat maintaining a safe balance level and is slower than 
other methods. 
 
At that time, the team is testing different methods to develop the wanted system. There is not 
a completely defined system but this is evolving taking into account the wanted functions: 

- Underwater images and video with real-time displaying 
- 3D seabed reconstruction 
- Take coral samples and conserve them 

- Possibility to design a ROV as alternative (Data vs Costs ratio being considered) 
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Materials and Methods 
Kayak 
The kayak used is a Romany XL. This kayak type offers good manoeuvrability and stability. 
This is also comfortable for large sails, have 3 different isolated boxes that will be used to 
install cable connections and the storage system, and can withstand heavy loads. 
Underwater equipment structure 
A strap system is used to keep the underwater equipment stable. This consists of an auto-
adjustable strap placed behind the navigator to facilitate assembling and disassembling. At 
that moment, the structure has three different configurations that in the future are expected to 
be deployed together. (1) The first configuration includes a GoPro Hero 2 camera taking 
photos or filming the seabed. To increase the area filmed by the camera this is focussed to a 
“V” structure of mirrors. This system takes images from both sites (left and right) of the 
seabed. In order to enhance photo/video quality the camera will be housed to reduce 
interferences created by water. (2) The second configuration is a 3D stereo-configuration 
structure. This will be developed using 2 GoPro Hero 2 underwater cameras and the structure 
presented by Shortis and Harvey (1998).  This configuration will reconstruct an accurate 
seabed 3D map (Shortis and Harvey, 1998). (3) The last configuration includes a net structure 
to take samples from coral. This is placed underneath the kayak descending to take samples.  
Depth measurement 
To increase the accuracy of the data extracted by using the different configurations explained 
before, an echosounder will be installed (Hampson et al., 2011). An echosounder will provide 
depth information; will be storing data during the route which will be inserted onto the videos 
and 3D reconstruction.  
Control and visualization  
In order to control the previously described configurations and visualize camera images while 
sailing a control and visualization system is currently being designed. Two possibilities are 
being studied. These are either a laptop or a tablet. Images will be there displayed by using a 
real time visualization software. On the other hand, Arduino electronics and software will be 
used for its simplicity to control the three structure configurations.  
Positioning   
As has been seen in previous designs the use of a GPS will be very useful to place the images 
in a map. Therefore, a GPS will be used storing data of the kayak route for a later map 
reconstruction (Hampson et al. 2011, Meyer and Holland, 2001).  
Data storage  
The data storage system will be defined after the control system because a laptop can be used 
to store data (MacMahan, 2001b). However, if another system is used to control and cannot 
store data, a data logger or a hard disk would be used for this purpose (Hampson et al., 2011), 
(Bonin et al., 2011). 
 
Results and Discussion 
As experimental work is on-going, only known results are explained. 
Strap System 
Some problems and uncomfortable situations for the navigator have been found during the 
use of the system. Therefore, a new system is under development. This will allow the paddler 
to gear easily combining elements of ols systems. 
Net  
At first, drag method was going to be used. However, experts indicate that this was an issue 
so a number of solutions (attach to waist, under boat strap system, two boats to tow) have 
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been contemplated. Finally, under boat using strap system appears to be an efficient net 
system. 
 
Conclusions 
After the first phase of the project, the literature review, the conclusion that can be extracted 
is that the project is feasible, and, moreover, is feasible at a low-cost. However, there is a long 
way to go. Particularly, the conclusions from the results obtained are that instability and 
navigator comfort have to be considered in each part of the project. This leads to a very 
accurate equipment distribution needed along the kayak. 
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Abstract 

Taxonomy is known as the science of naming, describing and classifying organisms. This 
includes all the plants, animals and microorganisms of the world, which in turn can be a very 
long process.  To view these specimens under the standard light microscope, it is restricted to 
a 2 dimensional image which gives one perspective on a 3 dimensional organism.  In viewing 
an organism using this microscope, the samples are mounted on a cover slip and a 2D image 
is obtained. If a 3D image is needed, the sample needs to be manually moved to get an overall 
image, which takes a lot of time and effort.  It is hoped by the end of this project a stage will 
be designed that will allow 3D imaging of specimens of varying sizes to be viewed using 
microscopy without having to physically move the specimens.  The samples will be encased 
in a clear resin and inserted into the stage of the microscope.  The movement of the samples 
will be controlled by a remote on the outer side of the microscope, which will allow the 
viewer to move the sample horizontally, laterally and vertically.  This allows for an overall 
better image of the sample and is also less time consuming. All data that is viewed under this 
microscopy and identified will be stored in a database which will be available to other users. 

 
Introduction 

In 1735 Carl Linnaeus published his first edition of Systema Naturae where he tried to 
classify all the plants and animals in the world at that time.  In 1778 Linnaeus died, having 
published 12 editions of his book, showing that the job was never finished and he was 
constantly updating his findings.  This job of taxonomy has proven to be very tedious and a 
simpler, much quicker method is needed. Biologists have divided the living world into groups 
of organisms, which they have arranged in a series of levels, or a taxonomic hierarchy (table 
1), with the species as its essential element. The levels of the taxonomic hierarchy are given 
names, or taxonomic ranks with any species sharing similar features being grouped into a 
genus, genera sharing traits into a family, families are put into orders, orders into classes, 
classes into Phyla (animals) or Divisions (plants), up to the broadest level of Kingdom (table 
1). All taxa at the same level or rank belong to the same taxonomic category. Assigning 
names to these groupings is the part of taxonomy called nomenclature (Winston 1999). 
Winston states that there are millions of species still undescribed with an increasing amount 
of concern over whether we can discover them before they become extinct. Taxonomists 
themselves are considered by many to be an endangered Species.  Of the 1.4 million species 
known to science, about 300,000 are higher plants (bryophytes and tracheophytes), 70,000 are 
fungi, and 87,000 are protistans (algae and protozoans). That leaves more than a million 
species of animals, with insects, arachnids, mollusks, crustaceans, and vertebrates the largest 
groups.(Winston 1999). Two-dimensional (2D) optical imaging has been proven useful when 
identifying animalia, however there is a major interest in three-dimensional (3D) optical 
imaging due to its vast potential in applications such as image encryption, 3D display and 
object recognition.  With a new 3D imaging technology singular taxonomy testing can 
become faster and more efficient. 

 
 The objective of this study is to build a stage that would facilitate a 3 dimensional 
imaging platform for different sized specimens that are encapsulated in resin. 
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Table 1: Folk and Scientific Taxonomic Hierarchies 

 
Materials and Methods 
 
Selection of Resin  
 
Clear casting resin seemed to be the best resin to use as it is developed for the sole purpose of 
encapsulation or suspension of an object in transparent, glass like resin. Clear casting resin is 
engineered so that each time the resin dries it leaves a tacky surface for the next layer to be 
applied, which lasts for up to 7 days. When the desired thickness is reached, the final layer is 
polished and a layer of acrylic glass placed around the sphere to keep it protected and for long 
lasting resistance. An example of this can be seen in Fig. 1, where a wasp is encapsulated in 
the clear resin.  The cast volume of clear polyester resin is limited by the exotherm generated 
by the curing reaction which causes the resin to discolour to a yellow colour if the reaction is 
too rapid. The resin can become so hot that it can start to fume and then crack. It is very hard 
to get this right the first time and many experiments need to be carried out in order to get a 
first class result.  The desired result is a clear image of the embedded specimen with no resin 
discolouring and no internal cracks. The main difficulty is the theoretical calculation of the 
correct catalyst ratio. Every job requires a calculated guess at a sensible catalyst level.  The 
resin and moulds used for encapsulating objects must be free of water contamination. Objects 
preserved in formalin or 70% alcohol may be superficially dried and may then embed as 
opaque objects. It may be desirable to view the object as translucent in which case it must be 
completely dehydrated. All objects other than those such as insects, which may be dried 
completely, must be preserved because of the decomposition action of anaerobic bacteria after 
they have been preserved fresh. (Dalchem, 2013) 
 

 
Figure 1: A wasp is preserved in the encapsulated resin. A 3D image of this specimen can be 

obtained if it had the appropriate stage to be viewed under microscopy. 
 
 
 

104



 
Objects that are stored in Alcohol 
 
These are exoskeleton objects placed in 70% pure alcohol in order to preserve them, such as 
crayfish. The Dalchem website explains that the normal procedure is to continue up through 
the dehydrating alcohols to absolute, soaking in uncatalysed resin and then embedding. Many 
of the exoskeleton objects may be dried from the 70% alcohol and then treated as a dry 
object. 
 
Dry Objects 
 
These are dried specimens such as echinoderms, bones and insects. The problem here is 
eliminating trapped air in or around the object. The object should be soaked in uncatalysed 
resin and then embed. Catalysed casting resin may be injected into large empty body cavities. 
A vacuum desiccator may be utilised to carefully de-air these body cavities during the 
embedding process.(Dalchem, 2013) 
 
Size of Specimen 
 
The size of the specimen will have an impact on the hydraulic force needed to rotate the 
sphere in the desired direction in order to get the 3D image.  The weight of each sphere will 
vary according to the size of the specimen and the amount of resin used.  It is hoped that a 
stage will be developed that will allow the rotation of these different sized specimens to move 
freely without over spinning. 
 
 
Confocal Microscopy 
 
A confocal microscope creates sharp images of a specimen that would otherwise appear 
blurred when viewed with a conventional microscope. This is achieved by excluding most of 
the light from the specimen that is not from the microscope’s focal plane (Semwogerere and 
Weeks, 2005). Scientists use confocal microscopes to obtain a 2D and 3D image of a sample 
as the confocal microscope eliminates background light which gives a higher resolution and 
in turn a much sharper and clearer image. The principal advantage of confocal microscopy for 
biological imaging is that the optical arrangement has the effect of eliminating much of the 
out of focus light from detection, therefore improving the fidelity of focal sectioning (and 
hence the three- dimensional imaging properties), and increasing the contrast of the fine 
image detail (Shaw 2006). 
 
 
 
Results and Discussion 
 
As experimental work is on-going, only the expected results are discussed here.  It is hoped 
that a microscope stage will be built in order to fulfil microscopy imaging over a wide range 
and sizes of specimens.  It is hoped that lateral, vertical and horizontal imaging is achieved by 
a simple movement of a control, rather than taking the sample out and turning it in order to 
get a different view of the specimen. This can be done at this moment in time and it is a very 
time consuming process.  It is hoped that by building this stage, it will cut down on the time 
of sampling and also be less mechanically based.  All identified samples will be stored in a 
database which will be available to other users. There is an urgent need to explore species 
before some succumb to the biodiversity crisis. As Wheeler (2007) states, the time to test for 
most species is much longer than it might be. In diverse taxa, including most invertebrates, 
the ratio of species to taxon experts is so skewed that a species described today may not be 
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tested for decades to come.  It is hoped that by building this stage this will tackle this problem 
area with a much faster identification of specimens. 
 
Conclusions 
 
There are many thousands of species of invertebrates, some of which are constantly evolving 
and being identified, which makes the task of taxonomy a very long process.  Many studies 
are conducted here in Ireland and in Europe every year for many different reasons, however, 
according to Heron (2010) much of the information gathered from these studies is lost, 
remains unpublished, or the by-catch from these studies is rarely analysed or identified and 
instead is often discarded. There is a strong niche in the market for a microscopy product that 
will enable a specimen to be viewed in 3D, whilst allowing the data to be stored in a database. 
This stored data will allow users to identify specimens much more efficiently and in a much 
quicker time frame.  It is hoped that this database will grow to contain all taxonomy, which 
can be constantly updated with new identifications.  It will make the classifying of families 
and species much quicker and easier. 
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Abstract 

Near infrared (NIR) spectroscopy is a technology used in a wide range of industries in areas 
such as quality control and process management, as it is non destructive, rapid, inexpensive 
and is reagent free. NIR spectrometry has huge potential in the field of environmental 
monitoring of aqueous systems. In this study the state of the art multivariate analysis 
techniques, namely PLS regression will be applied to spectra gathered of water samples and 
filtrate of the samples gathered on glass fiber filters to develop calibration models for the 
prediction of the following water quality parameters: nitrogen, phosporus and E. coli. 
Comparisons  of both techniques with existing methods will be investegated. 
 

Introduction 

Maintaining a clean water supply is one of the key challenges facing humanity worldwide. In 
particular, fecal pathogen contamination (e.g. E. coli) of surface waters can result in illness 
and death, and accounts for the majority of water-quality impairments worldwide (Coffey et 
al., 2007). The Water Framework Directive (Directive 2000/60/EC) (WFD) is currently 
transforming the management of water resources (Jennings et al., 2009). Within the WFD, EU 
member states must aim to achieve good water quality status in all water sources by 2015 and 
ensure that status does not subsequently deteriorate. Meeting these obligations requires 
increased focus on water quality and detection. Existing detection of water contaminants 
requires intensive field monitoring and detection steps that inhibit integration to a streamlined 
system. Such time, labour and cost intensive methods limit the development of future 
catchment research. Currently, there is no time efficient method to analyze a water sample for 
selected contaminants. Integration of new technologies into a simple universal detection 
system would represent a significant advance in public health and water quality analysis. The 
work proposed will focus on the development of state of the art water quality detection 
techniques using NIR spectrometry to overcome contemporary detection methods. 
NIR spectroscopy is the study of the interaction of matter with light in the near infrared 
region of the electromagnetic spectra, from about 750 nm to 2500 nm. NIR spectroscopy 
utilizes the absorbance of overtones and combinations of vibrations from molecular 
absorption in the infrared region, which leads to the creation of near infrared spectra. A 
requirement for absorption to take place is the presence of bonds with a dipole moment, e.g. 
C-H, N-H and O-H, which are all abundant in organic matter (Osbourne and Fearn, 1988). 
Giving it great potential for environmental monitoring as it has the ability to provide 
information about the both physical and structural properties of biological materials. NIR 
spectra captured of biological materials contain significant amounts of information that is 
obscured by the overlapping nature of the specific absorption bands present. In order to assign 
individual features to specific chemical concentrations, chemometric techniques such as 
multivariate statistics and applied mathematics must be used. Chemometrics techniques, most 
commonly partial least square (PLS) regression is then used to create calibration models 
which presuppose a linear relationship between the spectral data and the concentration or 
other property value to be measured (Pasquini, 2003). 
The objective of this study is to determine the potential of Near Infrared (NIR) 
Spectroscopy for the prediction of river water loadings of nutrients (nitrogen, 
phosphorus) and indicator microorganisms (E. coli). 
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The use of NIR for water quality monitoring has huge potential as it requires no sample pre-
treatment and permits the simultaneous estimation of several parameters (Debakk et al., 
1999). NIR also has the potential to meet the increasing demand of extensive monitoring 
programmes for lower cost and instantaneous results, so its feasibility should be determined. 
 
 
Materials and Methods 

River Sampling 
Water samples were taken fortnightly from the river Boyne over a 24 week period from 
February 11 to July 29 in 2012. Sampling of the river was performed at Bellinter Bridge, 
located upstream of the town of Navan Co. Meath, this site was selected due to favourable 
sampling conditions and the presence of an EPA monitoring station, as it could supply 
supplementary river data. Every two weeks ten 250 ml grab samples were taken across the 
cross section of the river channel. Samples were stored at 4 oC during transport until analysis. 
 
Sample Filtration  
Seston of the river water was collected on Whatman GF/C filters (diameter 47 mm, pore size 
1.0 mm) by vacuum filtration from 200 ml of each water sample. The filters were then air 
dried and stored in dissector until NIR analysis. 
 
Reference Chemistry 
To create prediction models and for comparisons, contemporary methods were used to 
determine the most probable number of E. coli, the total nitrogen and total phosphorus 
concentrations. For the nitrogen and phosphorus measurement Hach Lange (Hachlange 
company, Loveland CO. USA) test kits were used. These kits involved the addition of a 
reagent then subsequent heated digestion phase, followed by evaluation with a 
spectrophotometer (Hach Lange Dr3900, Hachlange company, Loveland CO. USA). The 
microbiology analysis was performed by the Idexx Colilert 2000 method (Idexx Laboratories 
Inc. Westbrook, MA. USA). 
 

NIR Spectroscopy  
NIR spectra were captured of each of the water samples of both sample seston and of the 
sample in aqueous form. A hyperspectral imaging system (DV optics, Padua, Italy) in the 
Vis–NIR range (880–1620 nm) was employed in this study. The main components of this 
system are: objective lens, spectrograph, detector, acquisition system, moving table, and 
illumination via fiber optic line lights. For the capture of the seston spectra the dried filters 
were placed on a white tile and scanned. The average reflectance (R) spectrum from the total 
surface of each mushroom was calculated using MATLAB 7.0 (The Math Works, Inc. USA) 
To capture the spectra of the water sample in aqueous form 0.2 ml of sample was transferred 
on to a white tile using a pipette. A glass slip 22x22 mm (Chance Propper Ltd, Warley 
England) was then placed on top of droplet creating a thin water film between the tile and 
slip. This was then scanned to capture the NIR spectra. In each case three repetitions were 
completed. Hyperspectral images were obtained in the aforementioned wavelength range with 
a spectral resolution of 7 nm 
 
 
Data Processing and Analysis 
In order to overcome problems associated with radiation scattering two pre-treatments were 
completed on the spectral data using R program(R Development Core Team, 2007). Firstly 
multiplicative scatter correction (MSC) was applied to reduce the effect of different levels of 
total radiation intensity, due to differences in sample color or light scattering, (Geladi et al., 
1985). Secondly standard normal variant (SNV) was used to correct for variations in the 
spectral path length through the sample. 
Calibration models were created over wavelengths of 880 – 1620 nm using R software 
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program Both multiple linear regression (MLR) and principal component analysis/partial least 
squares regression (PCA/PLS) were applied to the spectral data to predict nitrogen, 
phosphorus and E. coli. Leave-one-out (LOO) cross validation was applied to the calibration 
set and root mean square error of prediction (RMSEP) was obtained by calculating the square 
root of the mean of the sum of squared differences between predicted and measured values of 
the calibration and test sets respectively. 
 
Results and Discussion 

It is expected that PLSR models will be created for predicting total nitrogen, total phosphorus 
and the most probable number of E. coli bacteria present in the water samples. Prediction 
models will be created from the spectral data gathered from both the seston and the aqueous 
samples. When estimating the performance of a model it is desirable to have the lowest 
possible RMSEP and number of principle components (PC) and an R2 value as close to 1 as 
possible. To date studies in this area have been limited, no research could be found that 
applies NIR spectroscopy directly to aqueous water sample for the prediction of the above 
parameters. However a small number of studies have investigated the potential of applying 
NIR to seston. Debakk et al. (1999) developed a prediction model for total phosphorus with 
an R2 value of 0.72. Similarly Malley et al. (1996) created models for nitrogen and 
phosphorus with R2 values of 0.852 and 0.869 respectively. These studies will provide a 
comparison for the models developed in this study.  
 
Conclusions 

NIR spectroscopy shows great potential for water quality monitoring in the environmental 
field. This study will outline the feasibility of applying NIR spectroscopy for monitoring 
water quality. In doing so the strengths and weaknesses of the technique will be highlighted 
aiding the development of this technology. Complementary, a comparison will be made to 
contemporary techniques giving further indication of performance. 
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Abstract 

Life cycle assessment (LCA) is a tool which can be used to assess the environmental 
sustainability of wood energy production from a holistic perspective. However, when 
comparing LCAs reported by different authors and sources for apparently similar bioenergy 
systems in terms of originating biomass source, there can be a wide range of results in both of 
energy balances and greenhouse gas emissions. These differences can be due to several 
factors; functional unit, system boundaries, allocation procedures, and management of raw 
materials. The aim of this paper was to investigate the wood industry in Sweden, particularly 
industry practices, to the situation in Ireland, with the emphasis on LCA of forest products for 
energy. The main objective was to explore the methodologies used for estimating the 
environmental impacts of forest cultivation, timber harvesting, and processing for energy use, 
with particular emphasis on life cycle assessment (LCA). Common issues in the application 
of LCA to forest products were to be identified and solutions to these issues proposed. 
 

Introduction 

Forestry is an important part of the national economy in Sweden, accounting for 10% of the 
world’s sawn timber, pulp and paper products (Forestry, 2009). Wood energy comprises an 
important part of the country’s fuel mix, contributing to approximately 25% of the final 
energy use in Sweden in 2008 (Agency, 2008). The majority of wood fuel is used by the 
forest industry, with the district heating sector representing another substantial user. 
 
In contrast, in Ireland biomass contributed only 1.4% to total primary energy requirements in 
2010. The majority of the solid biomass is used for thermal energy in the industrial sector 
where it is combusted directly for heat or used in combined heat and power units, while the 
rest is consumed in the residential and commercial sectors (Dennehy et al., 2012). 
 
Understanding the environmental impacts of timber production and processing has been an 
important focus of research over the last number of years. The Scandinavian countries have 
been particularly active in this area, carrying out life cycle analyses of a range of wood 
products from roundwood, to residue bundles and stumps (Berg and Lindholm, 2005, 
Eriksson, 2008, González-García et al., 2009, Lindholm, 2010, Michelsen et al., 2008, 
Wihersaari, 2005). In Ireland, aspects of timber production have been studied from an 
environmental point of view, mainly focussing on harvesting operations (Klvac et al., 2003). 
Consequently, there is a lack of research on environmental impacts of forestry production 
over the entire life cycle from seedling production, to harvesting, transport and processing.  
 
The objective of this project was to harmonize practices in the assessment of wood 
energy supply chains in Sweden, a world leader in forest energy, and Ireland, a country 
with a developing forest energy sector. 
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Materials and Methods 

The first step of the paper was to compare the Swedish forest industry to Ireland. This was 
carried out by gathering statistics on forestry in both countries in terms of; forest cover, tree 
species, productivity, rotation lengths, standing volume etc. The composition of the harvest in 
both countries was compared, along with the use of wood for energy. 
Different forest product chains and harvest technologies were identified; roundwood 
production, thinning, integrated roundwood production and energy wood harvesting, 
integrated roundwood production and residue harvesting. 
A review of LCA studies on forest energy production focusing on, but not limited to Sweden, 
was carried out. Common definitions of functional units were identified, along with the 
delineation of system boundaries. Common allocation methods were identified. Issues in 
LCA, particularly relating to the carbon cycle in bioenergy systems, were identified and 
explored. Appropriate categories for the environmental assessment of wood energy 
production were identified.  
 

Results and Discussion 

An analysis of the literature pertinent to estimating the environmental impacts of wood energy 
supply chains has yielded a number of important observations. 
 
Functional unit 
The functional unit of timber production systems vary depending on the end use of the 
material. In roundwood and pulpwood production systems where the wood is intended to 
industry use, the functional unit is normally defined as ‘1 cubic metre of solid (under or over 
bark) delivered to the gate of the end user’ (Berg and Lindholm, 2005, Michelsen et al., 2008, 
González-García et al., 2009, Valente et al., 2011). When the end use of the timber produced 
is for energy generation, the functional unit changes accordingly. In this case, the functional 
unit concerns the energy content of the material, as such it is then defined as ‘1 MJ or MWh 
of forest fuel’ (Wihersaari, 2005, Lindholm et al., 2011, Werhahn-Mees et al., 2011). 
Impact categories 
Common impact categories considered in LCAs of wood energy production include; global 
warming potential, acidification potential, eutrophication potential, photochemical oxidation 
formation, and energy use. 
System boundaries 
The boundaries of LCA studies on forestry production frequently differ, making it difficult to 
compare results between different studies. The choice of system boundary also influences the 
completeness of the study. Some studies start at forest management (including seedling 
production) (Berg and Lindholm, 2005, Michelsen et al., 2008), some are concerned only 
with harvesting (Klvac and Skoupy, 2009). It is recommended that the environmental system 
be included in any analysis (Heinimann, 2012), however this is only the case in few studies 
(Wihersaari, 2005, Lindholm et al., 2011). 
Another issue in LCA is the delineation of system boundaries to exclude the burdens 
associated with machinery production and forest road construction and maintenance. The 
energy embodied in the harvesting machinery can equal up to 40-50% of the direct process 
energy (Heinimann, 2012). In addition, Heinimann (2012) states approximately 60% of the 
overall environmental burdens of forestry production can be caused by road construction and 
maintenance, along with long-distance transport. As such, excluding these elements of the 
production chain from the system boundary could result in significantly underestimating the 
environmental impacts of wood energy systems. 
Allocation 
In systems involving the production of co-products, i.e. the production of roundwood and 
forest residues, the allocation of overall environmental burdens between the co-products is 
essential to the calculated outcome (Berg and Björheden, 2012). Two commonly used 
allocation methods in LCA of forest systems are mass and economic allocation. Whittaker 
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(2011), compared mass allocation to economic allocation in the production of roundwood, 
pulpwood, and forest residues. It was found that when allocated by mass, biomass receives a 
greater allocation of onsite energy requirements and GHG emissions compared to allocation 
by price. 
Carbon cycle 
The environmental system must be taken into consideration in life cycle analysis of wood 
energy systems. The environmental system includes the land and soil used in forest 
cultivation. Land use change and the carbon cycle are crucial aspects of bioenergy systems 
which require addressing when effectively and comprehensively estimating the environmental 
impacts of bioenergy systems. Many studies assume biomass ‘carbon neutrality’, or that the 
carbon taken in during biomass growth is equal to carbon emitted in combustion. This 
approach underestimates the impacts of bioenergy systems by failing to consider the effects of 
land use change and changes in carbon stock in the emission of greenhouse gases from 
biomass cultivation. 
 

 
  

Figure 1: Comparison of greenhouse gas emissions whether the carbon cycle is included or 
not 

 
Figure 1 shows the difference in calculated global warming potential if the carbon cycle is 
considered or not. The figure clearly shows that greenhouse gas emissions are clearly higher 
(over the short-term) if the carbon cycle is included. This is due to the fact that forest 
harvesting reduces the input of organic matter to the soil due to biomass removal in 
comparison to the reference scenario where the biomass is left to decompose in the forest. 
The graph also shows that the greenhouse gas emissions are time dependant, with the carbon 
content of the soil reaching a new equilibrium over time. 
The carbon cycle is a complex environmental mechanism which requires considerable effort 
to implement in LCA. The carbon stock change method can be used to incorporate the carbon 
cycle in LCA. The carbon stock change approach calculates the change in soil carbon due to 
land use change or management activities, divided by the plantation lifetime (or 20 years, 
whichever is sooner).  
Calculating the carbon stock change due to forestry operations requires the use of several 
models. A model is required to evaluate the soil organic carbon dynamics of the system. A 
forest growth model is required to estimate the biomass production.  
Important factors when assessing soil organic carbon stock change are the time horizon used, 
site productivity, harvest intensity and the bioenergy source (thinnings, logging residues, or 
stumps). 
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Conclusions 

The STSM has been a considerable success in achieving the aim of establishing a framework 
for the environmental assessment of wood energy production in Ireland, based on Swedish 
experiences. The findings of the STSM have led to the groundwork being laid for a full life 
cycle analysis of forestry production in Ireland. 
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Abstract 
 
Freshwater resources have come under increased pressure from a growing global population, 
climate change and increased food production. The agriculture sector accounts for 70% of 
the freshwater use in the world. With the abolition of milk quotas in 2015 throughout Europe 
and government strategies such as Food Harvest 2020 which aims for a 50% rise in milk 
production through sustainable expansion there will invariably be increased pressure on 
freshwater resources on both a national and international scale. The development of a Water 
Footprint of Irish milk production creates a link between farmers and consumers along the 
supply chain as well as making people aware of their impact on fresh water resources.  
 
Introduction 
 
In this study the water footprinting methodologies defined by Hoekstra et al. (2011) will be 
applied to the case of milk production in Ireland. The blue water footprint refers to 
consumption of blue water resources (surface and groundwater) along the supply chain of a 
product. The green water footprint refers to consumption of green water resources (rainwater 
in so far as it does not become run-off). The grey water footprint refers to pollution and is 
defined as the volume of freshwater that is required to assimilate the load of pollutants to a 
water quality standard that existed before the pollution event. 
Interest in the concept of developing water footprints in food production has grown in recent 
years. (Chapagain, 2003) published the most comprehensive assessments of farm animal and 
animal products water footprints which has since been repeated and adapted for other 
systems such as; animal feed production (De Fraiture, 2007, Peden, 2007), meat production 
(Zimmer, Galloway et al., 2007, Chatterton, 2010), Spanish tomato production (Chapagain, 
2009), skimmed milk, (Ridoutt et al., 2010), and Italian pizza and pasta production, (Aldaya 
and Hoekstra, 2010). 
The results of studies by Chapagain (2003, 2004) and Hoekstra and Hung (2005) estimated 
the water footprint of farm animals and animal products per country. They made crude 
assumptions regarding the composition and amount of concentrate feed inputs and utilised 
climatic averages of countries which could enhance errors over large countries for example 
climatic conditions can vary considerably over large distances.  
 
The objective of this study is to investigate the water footprint of Irish milk production 
from the cradle to the farm gate. 
 
To address the shortcomings of previous studies more emphasis will be placed on data 
collection from commercial farms in this study in order to reduce the number of assumptions 
required and hence reduce uncertainty in the results.  
 
Materials and Methods 
 
Data will be gathered from commercial farms for water use, electricity use, farm 
imports/exports and milk production. A combination of wireless data transfer and manual 
recording will be used. Farm imports including concentrate feed, fertilizer and fuel will be 
collected each month from each farm using a farmer survey. The production details for 
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concentrates and fertilizers can be sourced from the relevant industries. This will include 
linking the feed ingredients back to its country of origin, from which crop water 
requirements from various countries can be calculated. Milk output data will be sourced 
from Irish Cattle Breeding Federation (ICBF) records. Milk will be converted to a fat and 
protein corrected milk (FPCM) value to allow the results to be comparable with previous 
studies. 
Water & electricity meters have been installed on 25 Irish commercial farms since March 
2012. These meters will supply data on water & electricity used on an individual farm basis 
for livestock and dairy operations and the management of the entire farm network. This data 
can then be used to calculate an accurate water footprint of Irish milk production from the 
cradle to the farm gate as seen in Figure 1.     
The water required for pasture in Ireland will be measured by calculating the potential 
evapotranspiration (mm/day) over the growing period. Climatic data will be gathered from 
various climatic stations throughout the area covered by the 25 farms. This method makes 
for a more accurate water requirement of pasture growth from one area to another.                                                   
A model will be developed in Excel to calculate the water footprint per functional unit for 
each farm individually using inputs from the monthly survey and the wireless electricity 
monitoring system. Initially the approach will closely follow that of The Water Footprint 
Assessment Manual (2011). 
 
Results and Discussion 
 
This study is ongoing. Previous studies in this area (Chapagain, 2004) estimated that the 
average water footprint of milk is 1000 litres(L) water per litre of milk produced globally. 
The Water Footprint Network (Mekonnen and Hoekstra, 2012) allocates a water footprint of 
716 L water per litre of milk (1-6% fat) produced in Ireland of which, 633 L is green water, 
37 L is blue water and 46 L is grey water. These figures have been estimated from the Food 
and Agriculture Organisation (FAO) databases, CropWat and FAOSTAT, which are derived 
from averages of crop water requirements, climatic data, crop yields and international crop 
trade.  As a result the figures presented above may in fact be an over or under estimation of 
the true volume of water needed. The expected result of this research is to produce a water 
footprint figure of milk production which is unique to the Irish dairy sector. Upon 
completion this figure can be compared to a study by De Boer, which calculated the blue 
water footprint of Dutch milk production to be approximately 74 L water per litre of milk  
(De Boer et al., 2013). This study is the first of its kind, looking at site specific water 
footprints in the Netherlands, as opposed to the nationwide water footprints developed in the 
research by Chapagain(2004) and Mekonnen(2012).  
 

 
Figure 1: System boundaries and water consumption sources for the water footprinting of 
Irish dairy farming. Legend: ET = Evapotranspiration; E = Evaporation; WW = Waste 
Water; B= Blue Water; G= Green Water; Gr= Grey Water. 
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Conclusions 
 
The findings of this project will provide an opportunity to account for all water use in Irish 
milk production. The data collected will be used to develop a cradle to farm-gate water 
footprint. This detailed approach will give an understanding of how and where water is 
utilised on both monthly and seasonal time horizons, providing a unique water footprint to 
Irish milk production to facilitate more accurate decision making regarding Irelands Food 
Harvest 2020 targets. 
Not all production systems are alike, and the variability in water footprints between systems 
and products should be explored in future research. This approach could lead to strategic 
insights that enable the dairy sector to reduce its burden on freshwater. It may be more 
effective in addressing water scarcity and food security issues compared with simplistic 
recommendations that seek to avoid livestock products altogether. Finally, it is important to 
note that water footprinting focuses on a single issue, namely freshwater scarcity and is not 
an indicator of overall environmental sustainability. This water footprint will be incorporated 
into an overall sustainability model of Irish dairy systems being developed by Teagasc, 
ensuring that production strategies will consider all of the relevant environmental impacts as 
well as other social and economic concerns. 
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Abstract   
 
Intensive farming practices and human actions have disturbed the natural cycles of Nitrogen 
and Phosphorus production resulting in a decline in their availability in soils. The recycling of 
organic waste is one possible solution for resolving this issue. This paper outlines the 
objectives of a Consequential LCA study that will examine the benefit of recycling organic 
and agri-waste through pyrolysis, composting or anaerobic digestion so that nutrients can be 
made available for reuse in agricultural production. 
 
Introduction  
 
The Kyoto Protocol has put in place stringent limits on the amount of Greenhouse Gases 
(GHG) that may be emitted by a nation (UNFCC, 2010).  As a consequence reduction of 
GHG is being pursued as part of an aggressive approach to mitigate climate change. The 
IPCC (2001) highlight that this will need to be implemented whilst sustaining worldwide 
economic growth if it is to be feasible. Sectors where significant reductions can be realised 
include energy, transport and waste. Sanden and Karlstrom (2007) suggest that reduction in 
GHG can be achieved by the development and large-scale diffusion of a range of new 
technologies. However they identify that as different technologies are competing for limited 
investment it is important to analyse these technologies, not only from an economic 
perspective but also from an environmental and sustainability perspective. The European 
Union Waste Directive (2008) clearly sets out criteria for waste management so that it is 
diverted from landfill. The European Union’s policy states that waste should be dealt with in 
the following manner. This is known as the Waste Hierarchy: a) Prevention; b) Preparing for 
re-use; c) Recycling; d) Recovery; and e) Disposal. Currently there are multiple FP7 projects 
conducting research and development into the viability of pyrolysis on organic and agri waste 
as a treatment so that it can be recycled and used as fertiliser. In addition, composting and 
anaerobic digestion are also being analysed as alternate options. As stated above it is 
important that these technologies are analysed from an environmental perspective.  
 
Life Cycle Assessment (LCA) is a methodology that can be used to assess the performance of 
a system, accounting for its mass flows and energy balance that results in a product and its 
environmental impact. LCA is moreover becoming the preferred methodology to assess early 
stage technologies and strives to give a complete picture of the environmental impact (Sanden 
and Kalstrom, 2006). Process-based LCA can be classified into two types. The first kind of 
LCA aims to account for the environmental impact of a product. Sanden and Kalstrom (2006) 
highlight a number of names that have been used to describe this approach: ‘accounting’, 
‘descriptive’, ‘retrospective’ and ‘atributional’ LCA, with the latter being most commonly 
used. The second type aims to illustrate the consequences of change within a system and has 
been called ‘change orientated’, ‘prospective’ and ‘consequential’ LCA (CLCA), the latter 
being the most common term used. 

 
The objective of this study is to develop verified information that will allow appropriate 
decisions to be made when identifying optimum technical processes for specific food and 
other biological waste streams to achieve minimum environmental impact per unit cost. 
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Materials and Methods 
 
In order to carry out this research the following steps must be completed: 
 
 A review of the organic waste sector in Europe with a focus on Ireland and its current 

status.  
 

 A review of the nutrient recovery technologies found (composting, anaerobic 
digestion and pyrolysis) in Ireland and EU27 (European Union 27 countries). 
 

 ALCA (Attributional Life Cycle Assessment) modelling of each of the nutrient 
recovery technologies (composting, anaerobic digestion and pyrolysis). 

 
 Review of consequential decision options linking each technology to the wider 

consumer and waste management sectors. The CLCA models the consequences of 
decisions for waste management rather than estimating a static impact (ALCA is the 
methodology used to achieve this). CLCA allows a dynamic interrogation of the 
organic waste management system options that are possible in Ireland and EU27. 
 

 Definition of consequential interactions between waste supply, handling and 
treatment options for composting, anaerobic digestion and pyrolysis systems. 

 
 CLCA analysis of composting, anaerobic digestion and pyrolysis management 

scenarios for Ireland and EU27. Identification of relative environmental impact per 
unit of organic waste processed and nutrient returned to agricultural land.  

 
 
As prescribed by the ISO 14040 (1999) the four stages of LCA methodology will be followed 
in this study. 
 
Goal and Scope 
 
The goal of this study is to develop verified information that will allow appropriate decisions 
to be made when identifying optimum processes for specific food and other biological waste 
streams to achieve minimum environmental impact per unit cost.  
 
In LCA, the functional unit (FU) is the definition of the functional outputs of the product 
system. The main purpose of the functional unit is to provide a reference to which the inputs 
and outputs can be related too. Therefore the functional unit of the attributional LCAs that 
will be carried out for the composting, anaerobic digestion and pyrolysis systems will be 1 
tonne of waste. 
 
Possible FU that may be used in the CLCA is: per kg utilisable nutrient, another is, per kg 
nutrient made available. 
 
The reference flow will be over a 20-year period for the ALCA, whilst the CLCA will have a 
number of scenarios from 10-50 years based on projected waste amounts. 
 
Figure 1 below outlines the system boundary of the model and includes the three attributional 
LCAs for the technologies discussed above. The CLCA will encompass all aspects of waste 
management. This will include raw material acquisition, transport and collection of wastes, 
construction of technology infrastructure etc. 
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Figure 1. Model of system 
 
 
Life Cycle Inventory 
The LCA will be conducted using the software GaBi 6. The primary data (foreground) will be 
collected from various commercial organizations working in Europe. These data will be 
supplemented with background data from EcoInvent 3 and the inventory database supplied 
with GaBi. Some data gathered may be sensitive due to its commercial nature. In this scenario 
data will be averaged or hidden within system processes. 
 
Life Cycle Impact Assessment 
Global Warming Potential will be the primary impact category assessed. In addition, Ozone 
Depletion, Acidification, Eutrophication, Land Consumption and Fresh Water Consumption 
will be assessed. 
 
Interpretation 
Comparisons between the composting, anaerobic digestion and pyrolysis systems will be 
made in terms of the emissions, resource consumption and environmental impact per 
functional unit.  
 
Results and Discussion 
 
As this research is in its infancy and is novel in its approach there is very little similar 
research available to draw comparisons from making the results difficult to predict. However, 
it is expected that a benefit (gain) will be achieved from an environmental and economic 
perspective by the recycling of waste and its re-use as a fertiliser.  
 
Conclusion 
 
This study will facilitate the CLCA analysis of composting, anaerobic digestion and pyrolysis 
management scenarios for Ireland and EU27 and identify the relative environmental impact 
per unit of organic waste processed and nutrient returned to agricultural land. The CLCA will 
allow for dynamic interrogation of the organic waste management system options that are 
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possible in Ireland and EU27.  
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IRELAND’S FOODSHED AS A PRACTICAL MODEL TO PROMOTE 
SUSTAINABILITY 

 
Ali Musavi and Nicholas M. Holden 
UCD School of Biosystems Engineering, University College Dublin, Belfield, Dublin 4, Ireland 
 
Abstract 
 
Growing interest in local food has sparked debate about the merits of attempting to reduce the impact 
of food chains from production to consumption. One point of contention is the capacity of local or 
regional agri-food to meet the needs of local people. This research presents a method for mapping 
potential foodsheds. The first scenario considers land areas that could theoretically feed Ireland and a 
second scenario a geographical model to identify lower impact alternative foodsheds. The model will 
be applied to Ireland. Geographic information systems will be used to estimate the spatial distribution 
of food production capacity relative to the food needs of population centres. Overall, the model is 
expected to show the capacity of Ireland to provide its total food needs and the average food-distance 
between production to consumption. Thus, the study will address whether closer production is more 
environmental friendly and what is the potential for local food systems to reduce the distance food 
travels. Nevertheless, the foodshed model provides a successful tool for considering the geography, 
logistics and impact of food production and food consumption simultaneously and offers a good 
database for policy makers to enhance social resilience against future challenges. Such a tool could be 
valuable for examining the environmental impacts of different foodsheds.  
  
Introduction 
 
The Irish Department of Agriculture, Food and the Marine (DAFM) is planning for Ireland’s food 
sector to meet the needs of production and consumption of food in 2020 within a set of agri-food 
strategies to act smart, think green and achieve growth (DAFM, 2011). In addition, as consumers and 
authorities become more aware of the impacts of their consumption footprint on the environment and 
resources, it is necessary to find practical options to reduce the impacts of the food supply chain 
(Wilson, 2013; Ilbery and Maye, 2005; Cowell and Parkinson, 2003). Due to the complexity of social, 
economic, and environmental issues (Figure 1), achieving this goal requires an innovative, inclusive, 
and cross-disciplinary approach. In recent years, there has been an increasing amount of literature on 
sustainable agri-food planning and strategies; considering concepts such as Food Miles, Food 
Footprint and Foodshed.  
 
The objective of this work is to explore whether the foodshed concept can be used to better 
understand the sustainability of national food supply.  
 

 
Figure 1. Left; Component of community food system(Garrett and Feenstra, 1999), Right; 

Component of sustainable development as a basic issue (Cowell et al., 1999) 
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Methods 
 
In the same way that a watershed is a geographical area defining the flow of water to a river, and 
ultimately the sea, a foodshed is the geographical area that feeds a specific population. One of the 
priorities of this concept is to help people understand how food systems work and to draw their 
attention to agri-food resources. Foodshed analysis as a tool combines two concepts, food miles and 
food footprint, in a comprehensive model to estimate the actual or potential sources of food for a 
population and particularly the important factors of food movements. Two geographical principles 
have been considered in the framework of foodshed analysis; first, the flow of food from its origin to 
consumption and second the cost of producing and transporting such food (Peters et al., 2009b). 
 
For this work, Ireland will be taken as a mode. The concept of a foodshed may provide useful for 
conveying information in a graphical way for policy-makers to understand available alternatives in 
terms of agri-food sources, processes and policies in the context of sustainability. As Peter et al. 
(2009b) defines, a foodshed has been presented both as a tool for understanding the flow of food in 
the agri-food system and as a framework to find alternative agri-food systems. 

 
The basic framework for collecting data and analysis was presented by Peters et al. (2009a) (Figure 
2). Although this flow diagram does not take in account transport systems, it seems appropriate 
guideline to organize available data and evaluate expected results. To develop a foodshed model in 
terms of localization of food production, the first step is to assess the local capacity such as available 
land and yield potential (based on weather, topography and soil type). Data are available in annual 
reports of the Central Statistics Office Ireland (CSO) and National Farm Surveys. The second step is 
to quantify consumption and main food ingredients to evaluate distance from self-sufficiency the third 
step is to assess the maximum capacity of local land to produce required food ingredients.  
 

 
 

Figure 2. Simplified data flow diagram for the spatial model used the map potential local foodsheds 
(Peters et al., 2009a) 

 

To keep the study manageable the diet sub-model will focus on the main food ingredients in the 
typical Irish diet (IUNA, 2011). Contribution of food groups in terms of energy, fat, carbohydrate and 
protein intake have been considered to develop model of consumption diets. Each main food 
ingredient in Irish diet such as meat, dairy products, cereals, fruit and vegetable such as potato will be 
representing on a separate map. Data will be collected on the geographical origin of key foodstuffs 
and an assessment made of where else the equivalent nutrition could be sourced.  
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Results and Discussion 
 
It is expected that an estimate of land capacity for Ireland can be made and the foodshed model will 
estimate what Irish agricultural land can produce given the dietary assumptions inherent in the model. 
The results will estimate the national capacity to localize food resource. Geographical maps of 
foodsheds based on local and regional potentials will be used to represent future alternatives to deal 
with challenges (e.g. Figure 3). Possible pressures are increasing overseas prices, health risks or 
unacceptable environmental impacts.  The analysis will ascertain whether a foodshed offers a useful 
communication for the long term planning of national food strategy. 
 

 
Figure 3. How foodsheds provide a flexible map (left) and how it would shrink in face of future 

challenges (right) 
 
Conclusions 
 
This study represents a preliminary effort to model foodsheds scenarios and to assess their role in 
understanding sustainability of food supply.  
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DOES THE AMOUNT OF IMPORTED CONCENTRATE FEED ON TO 
DAIRY FARMS AFFECT SUSTAINABILITY? 

 
Paul Rice and Nicholas M. Holden 
UCD School of Biosystems Engineering, University College Dublin, Belfield, Dublin 4, Ireland 
 
Abstract 
 
Dairy farming can be regarded as a high risk business, subject to biological and weather uncertainty 
and also to external pressure in the form of changes in resource availability, market conditions, 
legislation and government policies. At farm level management of this risk necessitates constant 
learning and adaptation. The relatively recent globalization of food production and supply has led to 
longer supply chains leading to the creation of new risks and vulnerabilities. Going forward, dairy 
farming needs to be sustainable. Sustainable dairy/milk production requires farms that are 
economically viable, environmentally sound and socially acceptable. Also, the effects of dairy 
farming systems on animal health, animal welfare, and food safety, for example, have become 
important societal concerns. Farm level is where sustainable agriculture practices can contribute to or 
mitigate negative environmental outcomes and impacts. Studies have found a link between the 
amount of concentrate feed imported onto dairy farms and sustainability in terms of environment and 
economics, but little work has been done on the social implications of imported concentrate feed onto 
dairy farms, and how this relates to environmental and economic aspects. In the same way as a dairy 
enterprise having a low environmental impact not necessarily having a economically viable system of 
production and vice versa, a socially sustainable dairy enterprise may not necessarily indicate that that 
enterprise is either economically or environmentally viable. As the objective of this study was to 
investigate whether the quantity of imported feed onto dairy farms across Europe, affects the 
sustainability of each dairy enterprise with specific emphasis on social sustainability. This research 
will establish links between the three sustainability indicators with respect to the amount of 
concentrate feed imported onto dairy farms across Europe and develop a metric to determine the 
magnitude of social and associated environmental and economic sustainability. A model will be 
created that can be applied to any dairy enterprise across Europe. 

Introduction   
 
Agriculture is a high-risk business, subject not only to biological and weather uncertainty but also to 
changes in resource availability (scarcity or deterioration), market conditions and government 
policies. Managing risk is an on going chore and requires constant learning and adaptation. 
Globalization of food production and supply has created longer supply chains creating new risks and 
vulnerabilities. Based around the sustainability paradigm, sustainable agriculture can be defined as an 
approach that: “…. adopts productive, competitive and efficient production practices, while protecting 
and improving the natural environment and the global ecosystem, as well as the socio-economic 
conditions of local communities” (SAI, 2003). Farm level is where sustainable agriculture practices 
can contribute to or mitigate negative environmental outcomes and impacts. Farming is an economic 
activity, within legal land ownership boundaries. Measuring within the activity serves as a foundation 
that promotes several goals. These include better decision-making (lowering risks and costs), an early 
warning system for emerging issues, sustainability balanced with development, understanding impacts 
and allowing for corrective action, identifying limits and opportunities, continuous improvement, 
accountability and communication. It is not possible to manage that which is not measured. Farmers 
tend to have little incentive to collect data on results and impact indicators that have no specific value 
for them or are off-site, difficult to attribute to particular practices or farmers, or used primarily for 
controlling farmer activity. It was hypothesised that the amount of imported feed (primarily 
concentrate) onto a dairy farm reflects the sustainability of that dairy enterprise. 
 
The objective of this study was to investigate whether the quantity of imported feed onto dairy 
farms across Europe, affects the sustainability of each dairy enterprise.  
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Methods 
 
This study will be desk based. Data relating to an average dairy enterprise per dairy system, from a 
number of European countries, will be analysed. The analysis is defined temporally by over 1 year. 
The data will be sourced from various published sources. Data relating to farm characteristics and 
productivity, such as that in Table 1 (Thomassen, 2009) below, will be gathered. The genetic merit 
profile of the given dairy herds will also be studied as part of the farms productivity. 
 

Table 1. Farm parameters typically used to describe a dairy system in a life cycle context. 

 
 
Economic indicators will be used and expressed per kg fat and-protein-corrected milk (FPCM) or 
farm area (ha). Examples are gross farm income; net average income; disposable income and profit. 
These will be compared to national average industrial wages. Land area will be considered as both 
direct farm land and indirect land (that required growing the crops).  Environmental indicators to be 
used will be land use per kg FPCM, energy use per kg FPCM, global warming potential per kg 
FPCM, eutrophication and acidification potential per kg FPCM or per ha of land, as per Table 2 
below. The social indicators will be related if possible to: (1) social justice, (2) social capital, (3) 
culture, and (4) physical and psychological health. These are elements of social sustainability as 
defined by Dessein & Nevens (2005), cited in Van Calker (2007), where social sustainability 
encapsulates food safety, animal welfare and health, and landscape quality.  
 

Table 2. Environmental indicators typically used to characterise dairy farms in a life cycle context. 
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Results and Discussion 
 
A metric to represent sustainability must be identified and then compared to the amount of feed 
imported (perhaps scaled to on farm activity in some way). In Europe, the main dairy farming systems 
used are  zero-grazing; high input-high output (high supplementary feed) and low cost, grass based 
grazing (minimum supplementary feed). Sustainable dairy/milk production requires farms that are 
economically viable, environmentally sound and socially acceptable. Social sustainability is supposed 
to be impractical for this type of research (Dessein and Nevens, 2005), but it is envisaged that the 
social dimension will be considered. The results of the study will be presented using ‘radar’ charts 
(e.g. Figure 1). The charts will be adapted to communicate their message relative to the sustainability 
triangle (Figure 2), which is not commonly attempted, but for this research communication is key to 
its value. 

 
Figure 1. An example of the kind of radar (or amoeba) chart used to visually express dimensions of 

sustainability for a product, process, service or enterprise.                      
 
 
 

 
Figure 2. A typical “sustainability triangle” used to express the dimensions of sustainability. 

It is anticipated that this study will find further links between sustainability for a dairy system and 
imported feedstuffs, particularly in relation to social sustainability. It is envisaged that more precise 
data from the social indicators will identify the areas impacted by the level of feedstuffs imported 
onto the farm. It is also envisaged that the findings will not differ greatly across Europe. It was found 
that the largest P input on a dairy farm in south west England and average Dutch farm was 62% and 
67% respectively. Thomassen et al.(2009) also found that on an average Dutch dairy farm, imported 
feed(mainly concentrate) in the form of .33kg dry matter, was used to produce 1kg of fat and protein 
corrected milk. Having a surplus of nutrients is deemed as below par efficiency of nutrient recovery, 
whilst a high deficit is looked on as a warning sign for unsustainable management. Both Casey and 
Holden (2005) and Thomassen et al. (2008) suggested that implementing measures such as reducing 
the use of concentrate ingredients with high environmental impact and also decreasing the amount of 
concentrate used per kg of milk produced would improve the environmental performance of milk 
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production.  Importing feedstuffs onto a dairy farm might also indicate that more work has to be done. 
High labour productivity on dairy farms is associated with low on farm energy use, total and on-farm 
land use, total and on-farm global warming potential, and total and off farm acidification potential per 
kg FPCM. High labour productivity, however, was also associated with high on-farm eutrophication 
and acidification potential per hectare (Thomassen et al., 2009). In a study by Van Calker et al. (2007) 
it was found that the level of societal sustainability is determined mainly by applied management 
measures, and is related to the particular farming system in only a very limited way. This implies that 
societal sustainability is mainly dependent on the cost-effectiveness of management measures and on 
the attitude of the dairy farmer. 
 
Conclusions 
 
 It is anticipated that this study will find further links between sustainability for a dairy system and 
imported feedstuffs, particularly in relation to social sustainability. It is also envisaged that more 
precise data from the social indicators will identify the areas impacted by the level of feedstuffs 
imported onto the farm. It is thought that the findings will not differ greatly across Europe. 
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THE IMPORT OF NITROGEN AND PHOSPHORUS AS AN 
INDICATOR FOR ARABLE PRODUCTION SYSTEM 
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Abstract  

This paper investigates whether the sustainability of an arable crop farm can be measured in 
terms of the amount of N and P applied. A database of over 100 arable crop farms in Western 
Europe is being compiled containing data on fertilizer usage and other farm attributes. The 
performance of the farm system in terms of profit, production (yield) and carbon footprint 
will be analysed in terms of N and P imported and net N and P imported. A sustainability 
triangle with the goals Environment, Production and Economic/Social is introduced and the 
trade-offs between each are analysed in relation to increasing application of N and P and the 
import of N and P. Once the balance between each corner of the sustainability triangle is 
obtained for each farm, the value of the N and P input will be considered as a predictor of 
sustainability for each farm. 

Introduction  

Nitrogen (N) and phosphorus (P) are the most important nutrients for agricultural production 
and are essential for high crop yields. Worldwide annual consumption of mineral fertilisers 
amounts to 85 × 106 t N and 15 × 106 t P (Roy, 2006). Due to a growing world population and 
changing food habits, by 2020 fertiliser consumption is projected to reach up to 114 × 106 t N 
and 21 × 106 t P (Herzog et al., 2008). 

Both N and P have been used in generally continuously increasing amounts as fertilizers in 
agricultural production, which in turn has led to increasing nutrient runoff to aquatic 
environments globally (Schröder et al., 2004). In Ireland the trend for increasing utilisation 
has perhaps peaked, but only in recent years. Agriculture poses an important pressure on the 
environment through the loss of N and P to the atmosphere and the hydrosphere. For this 
reason the farm balance on N and P is perhaps a good indicator of sustainability because it 
will reflect the process of soil nutrient removal, nutrient export from farm (in products) and 
the requirement for nutrient replacement, typically using non-renewable mineral N and P. It 
is proposed that the import of N and P to an arable farm will possibly be a good simple 
indicator of farm system sustainability because of its links to soil quality, productivity, 
economic returns and polluting losses. 

Formerly, agricultural production was optimised almost exclusively for yield and more 
recently for farm profit (as maximum yield is not always associated with maximum profit). 
Latterly, however, farming has come under increasing pressure to meet environmental targets 
(Glendining et al., 2009). This paper aims to assess the sustainability of an arable crop system 
in terms of imported N and P. If agricultural production is to be truly sustainable, it is 
imperative that levels of production and economic benefits are against associated 
environmental burdens.  

The objective of this study is to ascertain if imported Nitrogen and Phosphorus can be 
used a suitable indicator of production system sustainability. 
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Methods 

Procedure  

To critically analyse the correlation between imported N and P and sustainability on a farm, a 
farm database is being compiled containing all available information on the attributes and 
impacts in the system. The amount of fertilizer used on each farm is estimated including a 
breakdown of N and P applied per hectare. The following attributes are then being assessed in 
terms of the imported N and P; 

(a) Profit/income/gross margin (euro/hectare)(socio-economic indicator) 
(b) Production level (tonnes grain/hectare) (production indicator) 
(c) Carbon Footprint (kg CO2eq/hectare and kg CO2eq/tonne grain)(environmental 

indicator) 
(d) Eutrophication Potential (kg PO4eq/hectare and kg PO4eq/tonne grain)(environmental 

indicator) 

The impact of the import levels of N & P on will be analysed. The law of diminishing returns 
is applied to each attribute. The response of each attribute to an increase in the application of 
N and P is analysed and compared. 

Sustainability Triangle 

Using the commonly expressed sustainability triangle (Figure 1), modified for agricultural 
systems by changing the focus of the corners to Environment, Production and 
Economic/Social, the four attributes quantified will be used to assess whether each farm in 
the database is tending to be sustainable or not.  A number of approaches to subdividing the 
triangle (e.g. Figure 2) will be assessed to find the most reliable and to allocate each farm to a 
sustainability score class. 

 

 

Figure 1: The sustainability triangle modified for agricultural production 
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Figure 2: An example of the classification of the conventional sustainability triangle.(Xu et 
al., 2006) 

Results and Discussion  

Trade-offs  

Conflicting interests occur between each goal and the application of N and P. For example, 
increased N and P application may be required to increase level of production, but this may 
incur an environmental cost in terms of the aquatic environment (water quality), the 
atmospheric environment (greenhouse gas emissions) and may also compromise gross margin 
and maximum profit. The trade-offs between each facet of the sustainability triangle will be 
analysed where the balance lies for each farm in the database. The input of N and P will be 
correlated with the sustainability triangle score class and an optimum level derived for the 
various arable systems operated in Europe. 

Further considerations 

It is not realistic to determine whether a farm is sustainable or not based solely on the 
application of fertilizer. There are complex issues regarding what is defined as ‘socially 
sustainable’. However the import of N and P can be used as an indicator of satisfying the 
conflicting attributes of the sustainability triangle. The purpose of this study is not to do away 
with complexity, as seems to be the case with the increasing reliance on indicators such as 
carbon footprint, but to gain a rapid insight into the relative likelihood of a farm tending to be 
sustainable or not. 

A key question that will be posed in this work is whether increasing application of N and P 
will lead to a ‘tipping point’ and at what point is this estimated to be. Beyond this point, 
increasing inputs and therefore costs achieve only small increases in yield, which are 
insufficient to finance the extra inputs. Likewise, beyond certain levels of input the nutrient 
cannot be fully utilised by the crop so it is more likely to become a pollutant. 

Nutrient policies exist for agriculture to protect the environment against inappropriate 
agricultural activity. The European Union’s Nitrates Directive (EEC 1991) is aimed at 
decreasing water pollution caused or induced by nitrates from agricultural sources and at 
preventing further nitrate pollution. Its implementation in Ireland also regulates P usage on 
farms. Using N and P application as an indicator of environmental degradation is not new 
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departure for policy makers. However, if imported N and P input levels are indicative of a 
level of production that is both economically advantageous and socially viable along with 
adhering to environmental constraints, imported N and P may indeed be a suitable indicator 
of sustainability and a useful tool for all stakeholders involved.  
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PROXIMAL SENSING OF SLURRY SPREAD ON GRASSLANDS 
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Abstract 
 
There are many guidelines for the spreading of slurry and this experiment was set up to help 
understand the different spectral response of slurry depending on the surface medium it was 
spread on. Slurry is often spread on fields that have a high proportion of exposed soil such as 
after the cutting of grass for silage production or periods of slow grass growth. For this reason 
it was important to ascertain how exposed soil will interfere with the spectral signature of 
slurry spread on grass. From analysing the results of an experiment set up in the field it is 
clear that there is a significant difference between the readings of slurry spread on grass/soil 
and other treatments.  
 
Introduction 
 
Agriculture in Ireland is primarily a grass-based industry and grass is the most important 
agricultural crop in Ireland (Holden, 2002). Grassland farming and, in particular, cattle 
rearing and dairying accounts for more than 90% of farming activity (Hyde et al., 2003). 
Among the many legislative requirements farms in Ireland must adhere to, the Nitrates 
Directive (91/676/EEC) has a profound impact on how farms are managed. Under this 
directive Ireland must protect its waters against pollution caused by nitrates from agricultural 
land. One of the main sources of nitrates on a farm is slurry (Jordan and Smith, 2005). It is a 
valuable natural fertilizer that farmers can use to reduce their dependence on artificial 
fertilizers. The high concentration of nitrates in slurry makes it exemplary for helping 
grasslands grow. Grass has great potential to absorb excess nitrogen as it has a long growing 
season and it requires more nitrogen to initiate growth (McGechan and Wu, 1998). However 
nitrates can be leeched from the soil or become runoff that collects in nearby water courses 
(Holden et al., 2004). For this reason there are strict guidelines when and where slurry can be 
spread. The closed period for spreading slurry in Ireland is in the winter months with specific 
regions having different starting and ending dates depending on soil type and climate. Lack of 
storage for slurry is the main cause of spreading slurry when conditions are unsuitable 
(Holden et al., 2004). During the spreading season slurry cannot be spread when weather 
conditions are not suitable such as periods of drought or prolonged precipitation. Rainfall is a 
major restriction for when slurry can be spread, and should not be excessive on the day of 
spreading (Holden et al., 2004). Slurry that is thick and viscous and will remain on vegetation 
whereas thin slurry has properties like water and can easily move towards the base of the 
vegetation (Rodhe, 2003).  
 
Slurry is often spread on pastures that have been recently grazed or have been cut for the 
production of silage. After either of these events has occurred on a pasture there will be a 
large amount of exposed soil. Splash plate is the most common way of spreading slurry. It 
spreads the slurry over the surface of the grass and soil. It is an easy way of applying slurry 
but also has more wastage involved. Injection of slurry decreases the loss of slurry due to 
evaporation / runoff, but is more costly and is not beneficial in economic terms if done on a 
small scale (McGechan and Wu, 1998. In order for monitoring of slurry spreading events to 
become more efficient the use of remote sensing may offer a cost effective means to do this. 
  
The objective of this experiment was to determine spectral reflectance of different types 
of slurry and dirty water spread on short grass with exposed soil. 
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Materials and Methods 
 
Selection of field site 
 
The experiment was established at Lyons Farm in Co. Kildare (Latitude 53.306416, 
Longitude – 6.539612). This farm is used for teaching and research by University College 
Dublin. The farm consists of 234 hectares that is predominately used for beef and dairy 
production. A field within the farm that had recently been grazed was selected. The farm was 
able to provide sufficient slurry and farmyard runoff for use in the experiment.  
 
Experimental design 
 
One strip of grassland was divided into 5 plots each measuring 1 m². Each m² plot was 
pegged out with a buffer between plots. In preparation for the experiment each plot was cut to 
the same grass height. 
 
The experiment consisted of five plots that each received a different treatment. The treatments 
were as follows. 
 

1. Nothing sprayed to act as a control 
2. 5000 ml of slurry 
3. A mixture of 2500 ml of slurry and 2500 ml of water 
4. 5000 ml of water 
5. 5000 ml of farm year runoff (FYR) 

 
The treatments were all sprayed onto the plots using a watering can and were spread evenly 
over the surface of the grass. The treatment with water was added as an extra control to rule 
out any initial difference caused by the water content of the slurry mixtures. 
 
These plots were replicated 12 times to give a total of 60 plots. The strips of plots were placed 
at random around the field. Within each strip the treatment order was randomly selected so 
that each treatment would not negatively impact each other (randomised block design). The 
weather conditions needed to start this experiment were a clear sunny day. Any precipitation 
would have negative effects on the setup and recording of results. The plots where set up to 
minimise effects of shadow while taking readings. 
 
The spectral reflectance of each plot was then taken using a CROPSCAN multispectral 
radiometer MSR87.  The radiometer was attached to a pole and positioned over the plot. The 
diameter of field of view is half the height of the radiometer above the plot (See Fig 1). To 
distinguish between the grass, soil and slurry the radiometer uses narrow band interference 
filters to select certain bands in the visible and near infrared regions of the electromagnetic 
spectrum. The bands used by the MSR87 are 6 in the visible and 2 in the near infrared (NIR). 
All recordings are stored in the Data Log Controller that accompanies the radiometer. This 
process was repeated each day over a few weeks to gather multiple readings and to monitor 
changes in the treatments with time. This experiment was also repeated throughout the 
spreading season from spring to autumn.  
 
Each treatment was replicated five times. The significance of differences between the 
treatments was tested by ANOVA. This was preformed to see if overall there was a difference 
in the treatments on a given day. Further analysis of the data was then done to see which 
treatments had statistically different reflectance responses. 
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Figure 1. CROPSCAN in operation (Cropscan, 2013)  
 
Results and Discussion 
 
The eight bands measured by the MSR87 represent different regions of the visible spectrum 
and the NIR. Typically in vegetation studies the NIR region is concentrated on, as this is 
where a reflectance response will be picked up. In this experiment looking at each band 
separately during the first few days of the experiment there were differences in all bands 
between treatments. This changed after a few weeks when only bands 610 and 660 could 
detect the differences in treatments. This was consistent with each experiment that was set up 
at different times of the year. 
  
The results of this experiment show that there is a significant difference in the spectral 
response of the plot with slurry treatment when compared to the other treatments. This is 
visible at the start of the experiment and is still visible after the first week. This then drops off 
after a few weeks. The half diluted slurry was significantly different at the beginning of the 
experiment but after the initial few days this significance dropped away. The other treatments 
were not significantly different from each other. This shows that is it still possible to detect 
slurry even when it has been spread on exposed soil. The fact that the control, water and FYR 
treatments do not differ in response shows that remote sensing should be able to detect slurry 
but the moisture content of the soil may require a more sophisticated sensor. 
 

 
 

Figure 2. Boxplot of treatments at wavelength 810 (Day 2) 
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Conclusions 
 
Remote sensing has a unique advantage to offer in the monitoring of slurry spreading events. 
The results of this experiment have shown that it is possible to detect slurry that has been 
spread on exposed soil. This will allow for future analysis of slurry spreading using remote 
sensing to be done with confidence.  
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Abstract 

The main advantage of using visible and near infrared spectroscopic techniques in 
comparison with conventional methods for measuring soil properties is the possibility to 
analyse far greater sample numbers. Point spectroscopy, and more recently hyperspectral 
imaging, has been applied to soil carbon analysis, offering a much more cost and time 
effective method, although as yet not quite market-ready. In this study four spectrometers 
including two point spectroscopy systems and two hyperspectral imaging systems were used 
to predict soil organic carbon in order to compare and contrast their prediction capabilities. A 
total number of 375 soils samples taken from the Irish National Soil Database were used to 
develop calibration models. The study was conducted in four steps including evaluation the 
prediction accuracy for each instrument, assessment of the optimum pre-processing 
transformation techniques, investigating the impact of wavelength range and resolution of 
spectra on prediction models and the effects of spectral type and inherent difference in the 
accuracy of calibration models. Initially, the carbon prediction from point spectroscopy 
systems was more accurate than imagery spectroscopy. The impact of pre-processing methods 
on the accuracy of prediction models depended on the kind of spectrometer and normalization 
methods used, and increased the accuracy of the prediction using hyperspectra imaging 
systems. Soil organic carbon was predicted accurately with appropriate processing with all 
systems, a slightly more accurate model was achieved with point spectroscopy (R2 of 0.89 and 
RMSE of 2.3) compared to hyperspectral imaging (R2 of 0.87 and RMSE of 2.47), but point 
spectroscopy required more sample preparation time. 
 
Introduction 

Despite almost two decades developing soil spectroscopy for soil analytics, it has not yet 
reached a stage where it can be adopted for widespread commercial use. Although soil 
spectroscopy presents a more cost-effective and timely method of analysis (Cecillon et al., 
2009), the major drawback is that analytical accuracy is not yet comparable to that of 
conventional wet chemistry. Various attempts to improve analytical accuracy have been 
targeted at (a) soil sampling, (b) soil preparation, (c) instrument conditions and (d) 
chemometric properties, and yet there are still differences in prediction models generated 
between instruments.  In the meantime, technology has moved forward to develop three-
dimensional hyperspectral imaging for laboratory applications. This technological 
advancement allows a greater amount of spectral information to be collected from soil 
samples compared to standard spectroscopy, which means spectral information can be 
collected for the whole sample rather than one or more discrete locations.  This study pitches 
this new technology against standard spectroscopy, and examines how instrument choice 
impacts on analytical accuracy. The objectives of this paper were (a) compare soil organic 
carbon calibration models (b) evaluate the capability of each instrument for prediction 
of organic carbon and (c) assess and compare the suitability of pre-processing spectral 
transformation methods to improve soil carbon modelling in each spectral datasets 
produced by different spectrometers. 
 
 
Inherent characteristics of soil texture and colour reflect differences in mineralogy, sand, silt 
and clay amounts, micro structure and organic matter inclusion, which make soils very 
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variable in composition to that of other materials that can be characterised successfully by 
near infrared spectroscopy. Further variability introduced in spectral measurement arises from 
sample properties such as particle size and moisture content, laboratory conditions such as 
temperature and humidity and instrumental conditions such as the age of the light source. 
Researchers unanimously agree in the shortcomings of instrument stability (Mouazen et al., 
2010) and these issues are compounded by the inherent characteristics of spectrometer 
configuration that exist between instruments (Mouazen et al., 2010, 2006; Viscarra Rossel & 
Behrens, 2010; Vohland et al., 2011, Yang et al., 2012; Brunet et al., 2007; Cecillon et al., 
2009). All of these factors contribute to the differences observed in multivariate predictions.   
 
 
Materials and Methods 

A representative number of Irish soils (n = 375) were selected using stratified random 
sampling of the National Soil Database (n = 1310, Fay et al., 2007) to produce a diverse 
dataset representing seven soil types (Podzols, Grey Brown Podzolics, Brown Podzolics, 
Brown Earths, Acid Brown Earth, Gleys, and Peat soils) and three land use types (tillage, 
pasture and forest).  Soil Organic Carbon (as measured by dry combustion or Walkley Black 
and using a correction factor of 1.16) ranged from 1.40 to 35.01%. (Fay et al., 2007).  The 
point spectroscopy instruments evaluated were (S1) the Foss NIR Systems 6500 (Foss 
NIRSystems, Denmark) and (S2) the Varian FT-IR 3100 (Agilent Technologies, Santa Clara, 
California). The imaging spectroscopy instruments were (HS1) the Spectral Scanner push 
broom line-scanning hyperspectral systems (DV Opticsm, Padova, Italy) and (HS2) the 
ImSpector N17E push broom hyperspectral system (Spectral Imaging Ltd, Finland).   
 
Prior to chemometric analysis, noise was eliminated from each spectrum, In general, 50 nm 
was cropped from each end of the spectra. Outliers were identified as samples outside the 
Hotelling T2 ellipse (Hotelling, 1931) using  Principal Component Analysis at the 5% level. 
For consistency, only outliers common to all instruments were removed before analysis. This 
corresponded to nine samples being excluded in total. All pre-processing and statistical 
analysis was performed using the Unscambler software (version X10; CAMO software, 
Woodbridge, NJ, USA). Model development was performed in four steps: (1) assessment of 
the prediction accuracy for each instrument using the full spectra collected by each 
instrument, (2) assessment of the most suitable pre-processing techniques for spectra 
collected by each instrument, (3) a comparison of models developed with common range and 
resolution for each instrument and (4) the instrument comparison using reflectance and 
absorbance data with the same spectral mean and variance. 
 
Result and Discussion 

The imagery and point spectroscopy systems have been widely applied to predict soil 
properties and usually a good prediction model is acquired for estimating soil carbon using 
both spectroscopy systems with R2 > 0.80  (Vasques et al., 2008; Viscarra Rosseland Behrens, 
2010; O’Rourke and Holden 2012, McDowell et al., 2012), but the comparison of these two 
systems and assessing the accuracy of prediction ability of both when predicting soil 
properties has rarely been investigated using the same  sample set. High accuracy was 
consistently achieved for S1 in all validation parameters (R2, RMSE and RPD) and across all 
spectral ranges (VIS, NIR and VIS-NIR). The most notable difference between S1 and that of 
S2 and HS1 was the degradation in model accuracy in the visible range. Whereas, models 
generated in the NIR and combined VIS-NIR range maintained similar accuracy.  Although it 
was observed that the S1 VIS model incorporated a higher number of latent variables than its 
counterparts for NIR and VIS-NIR models. Overall, through initial assessment it was 
established that the S1 instrument produced the most reliable models for SOC prediction.   
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To improve the accuracy of each model, data transformation was possible. Table 1 
summarizes the optimum pre-processing techniques for each instrument.  Various pre-
processing techniques were found to improve model accuracy, but different techniques 
emerged for models generated with different instrument types, thus reflecting their 
differences. 1st and 2nd derivatives were effective at improving the calibration accuracy (R2) of 
the S1 model, whereas, mean and max normalization had a greater impact on prediction 
accuracy for HS1 and HS2 models, and indicated more noise was present in these datasets.  
This improvement in model accuracy brought the predictive ability of HS1 closer to the 
predictive ability of the point spectroscopy for SOC.   
 

Table 1. Optimum pre-processing results for each instrument. 
 

instrument  optimum preprocessing 
Latent 

variables 
RPD R2 RMSE 

S1 
First Derivative  5 2.96 0.89 2.30 

Second derivative 7 2.94 0.88 2.32 

S2 
Mean center Std Scale 5 2.51 0.84 2.72 

Smoothing  5 2.44 0.83 2.79 

HS1 
Mean Normalization 11 2.76 0.87 2.47 

Max Normalization 11 2.56 0.85 2.65 

HS2 
Mean Normalization 4 1.65 0.64 4.09 

Max Normalization 4 1.71 0.66 3.97 

 
The model accuracy of S1 did not degrade significantly when subjected to a smaller 
wavelength range and lower resolution unlike S2 which reduced considerably. The change in 
resolution and wavelength to HS1 was less critical, which resulted in no real change to 
prediction accuracy.  Generally a more accurate model was predicted using absorbance data 
compared to reflectance data, particularly with spectral imaging. The carbon prediction 
models form this study confirmed the results of previous studies with high accuracy models 
where R2  was >80 %. The data confirmed the ability of VIS and NIR spectroscopy for 
estimating amount of organic carbon in soil (Fidêncio et al. 2002; Chang and Laird, 2002; 
Vasques et al., 2009; Sarkhot et al., 2011). 
  
Conclusions 

All instruments with the exception of HS2 were able to reliably predict the amount of organic 
carbon and their inherent differences were relatively unimportant. While the pre-processing 
had no great impact on the accuracy of point spectroscopy systems, a considerable increase in 
the accuracy of the model, obtained through Max and Mean Normalization treatments on 
hyperspectra imaging systems, was seen. Reduction in the resolution and wavelengh range 
had a negligible impact on the S1 calibration model though it affected the S2 calibration 
model. The absorbance transformation on the spectra produced by HS1 could increase the 
accuracy of the carbon prediction model considerably in as much as it can be very close to the 
accuracy of model calculated by S1 data. In spite of this there are some advantages in using a 
particular spectrometer such as resolution, soil sample preparation time, and the time and 
procedure for calculation of the best performing model. The amount of organic carbon can be 
predicted by all the spectroscopy systems studied through applying appropriate pre-
processing spectral transformation techniques.           
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Abstract  

Sustainable grassland management is critical to the Irish economy because the vast majority of 
agricultural commodities are derived from grass fed livestock (milk and meat). 
Mismanagement results in a vicious circle of soil quality deterioration and reduced productivity. 
This study estimated C and N stocks and the influence of management. An alternative 
pedotransfer function to estimate bulk density at deeper soil layers soil = surface layers was 
developed and applied. Surface soil samples (0-30cm) over the range of management found on 
20 farms in Ireland were collected with a range of sward age, stocking rate and N input. Soil 
physical properties, C and N contents, and microbial biomass carbon (MBC) were accessed. 
The function of ρb=1.1.281-0.151×(LOI)1/2 (R2=0.61, RMSPE = 0.21g cm-3) was developed to 
estimate bulk density (ρb) of deeper layers from upper soil layers. In our study, C and N 
concentration showed a significant (p < 0.05) decrease with depth, and the total SOC and TN 
stock density (SOCD and TND) were (47.3±8.9, 99.2±31.2, 145.3±56.2 t ha-1) and (4.3±0.8, 
10.0±3.4, 15.0±5.7 t ha-1) for the three layers, respectively. Analysis of management influence 
found swards with more than 20 years history of grazing still have the capacity for C 
accumulation. It is frequent N fertilizer application, rather than the amount of fertilizer used 
that seems to contribute more to C accumulation. Enhanced management has the potential of 
reducing the amount and thereby the function of the labile fraction of carbon. 

 
Introduction 

While global warming has been the biggest issue on the global agenda in recent years, the role 
of soil is now also a hot topic. Maintenance and improvement in soil organic matter content is 
also regarded as being an important objective for the sustainable development of grassland 
systems. Management of grassland can affect soil organic matter by influencing the amount of 
organic matter inputs (grass residue, roots and fertilizer application), re-distribution of organic 
matter through plowing when grass is reseeding and the decomposition rate of added residues 
(Haynes, 1999). The grazing intensity (stocking rate) influences the ratio of grass residue 
turnover back to soil after animal uptake. Large herbivores, such as cows, respire 
approximately one tone of carbon per year (Soussana et al., 2004) so up to 60% of the 
above-ground dry matter production is ingested by domestic herbivores under intensive grazing 
(Lemaire and Chapman, 1996). A part of these exports of carbon is compensated by returning 
non-digestible carbon (25-40% of the intake according to the digestibility of the grazed herbage) 
to the pasture as excreta (mainly as faeces) (Soussana et al., 2004) as well as farm manure and 
slurry spreading. Under specific management, carbon accumulation in soils converted from 
arable to grassland is non-linear with sward age. It is more rapid in early years, but if practices 
remain constant, the stocks tend to reach a new equilibrium since roots and their associated 
micro flora (bacteria and fungi) tend to stabilize the soil aggregates (Jastrow, 1996). Therefore, 
Franck (2002) considers that grassland of more than 20 years old no longer acts as a carbon 
sink due to the slow rate of soil carbon accumulation. The objectivities of this work were to 
estimate C and N stock under various management; to interpret the role of soil texture on 
carbon accumulation and the meaning of the ratio of C:N and microbial biomass carbon. 
 
Material and methods 

Soil samples collection 
Soil samples from 0-10 cm, 10-20 cm and 20-30 cm depth were collected in 20 fields 
nationwide under various managements (Fig.1) from August to November 2011. Soil bulk 
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density (BD) samples were taken only at 0-10 cm depth at each subplot using the core method 
(Blake and Hartge, 1986). The BD for 10-20 and 20-30cm soil were estimated using a 
regression model based on BD and organic matter content of the top layer. This model is 
described later. 

 
Figure 1. Sampling locality 

 
Soil sample analyses 
Soil water content was determined by oven drying. For bulk density, soils were weighed and 
then dried to constant weight at 105°C±5°C and adjusted for stones >2mm. pH was determined 
at a soil (air-dried) to water (w/w) ratio of 1:1. Texture was by pipette method(Gee and Or, 
2002), TC and TN by CHN analyzer (TruSpec CN, LECO Corporation) and soil inorganic 
carbon by (PrimacsSLC Analyzer, SKALAR Co.). Loss-on-ignition (LOI) (ignition at 360°C for 
2h after 2 h oven-dry at 105°C) analyses were utilized to develop a pedotransfer functions of 
BD based on organic matter content. Microbial biomass C was estimated by 
fumigation-extraction (Brookes et al., 1985). OC in fumigated and non-fumigated soil extracts 
was by Liquid TOC analyzer (TOC-VCSN, SHIMADZU Co.). Microbial biomass C was 
calculated by C content difference in fumigated and non-fumigated soil and kEC = 0.45 
(Brookes et al., 1985). OC extracted from non-fumigated soils was considered the labile pool 
of carbon (LC). Microbial biomass carbon and LC was described as C mg kg-1 soil. 

 
Management intensity classification 
Classification of fields by management intensity was conceptualized using a classification cube 
where the time since last reseeding, nitrogen fertilizer input and stocking rate form the x-axis, 
y-axis and z-axis, respectively. Three levels of intensity were defined for each axis from low to 
high (Table 1). The length of the cubic body diagonal (approx. 5.2 units for a cube 3 x 3 x 3 
unit) was treated as the maximum intensity. For each field, the reseeding, N input and stocking 
rate were classified (Table 1) and used to calculate the management intensity as the length of 
body diagonal relative to the maximum possible (5.2). The value was then rounded to the 
nearest whole number to create 5 integrated management intensity classes. 

 
Table 1. Threshold values for management scoring 

Score N* usage (kg ha-1) Reseeding (years) SR (LU/ha) 
1 0-43 ≥20 <1.5 
2 43-129 10-20 1.5-2.5 
3 ≥129 0-10 ≥2.5 

*the N usage was 86kg ha-1 in grassland according to the National fertilizer application survey 
(2008); here we considered the 0.5 and 1.5 times of 86 (43, 129kg ha-1) as the threshold values. 
 
Calculation procedure 
A model of ρb=1.281-0.151(LOI)1/2 (R2=0.61, p<0.5) was developed, as a pedotransfer function 
(PTF), by regression analysis using the BD and LOI database at 0-10cm depth soil. The BD at 
10-20cm and 20-30cm depth were estimated. The SOC/TN stock density (SOCD/TND) for 
each interval was then calculated using:      

            SOCD 	/TND 	SOC /TND BD 	 1 θ 	 	h    (1) 
            SOCD /TND 	∑ SOC /TND                    (2) 

where SOCDi/TNDi is stock density (t ha-1); SOCi/TNi is the SOC/TN content (%); BDi is bulk 
density (g cm-3); θi is the gravity (>2mm) in horizon (%); and hi is the depth (cm) for the ith 
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interval. SOCDn/TNDn is stock density of the top n layer soil.  
 
Results and discussion 

Carbon and nitrogen concentration and stock density 
SOC and TN concentration decreased with depth (Table 2). ANOVA analysis showed a 
significant drop in SOC from the near-surface to greater depths (p<0.01). TN content had no 
significant decrease from the top 10 cm to the second 10 cm (p=0.06) but a significant drop to 
20-30 cm (p<0.01).  
 
Table 2. Selected statistic of soil organic carbon and total nitrogen content (SOC/TN) and stock density 

(SOCD/TND) at three soil layers 
 Depth (cm) Minimum Maximum Mean S.D 

SOC 
(g kg-1) 

0-10 37.48 103.78 61.03B 15.13 
10-20 28.24 83.08 42.14A 13.53 
20-30 22.68 66.13 35.13A 12.46 

TN 
(g kg-1) 

0-10 3.21 8.41 5.57B 1.34 
10-20 2.51 8.73 4.62AB 1.80 
20-30 1.86 6.68 3.79A 1.52 

SOCD 
(t ha-1) 

0-10 26.5 66.9 48.5b 9.9 
10-20 27.5 69.5 45.6ab 11.9 
20-30 21.2 63.1 41.1a 11.0 
0-20 54.1 136.4 94.2 19.9 
0-30 75.3 195.5      135.3 30.6 

TND 
(t ha-1) 

0-10 2.3 5.6 4.3 0.8 
10-20 2.2 10.1 5.2 2.0 
20-30 1.8 10.0 4.9 2.2 
0-20 4.5 15.4 9.6 2.7 
0-30 6.3 24.8 14.6 4.8 

A, B significant difference at 0.01 level, a b significant difference at 0.05 level. 
 
The SOCD indicated a significant decrease of stock from the top 10 cm to the 20-30 cm layer 
(p<0.05). No difference of SOCD between 0-10 cm and 10-20 cm was found. 10-20 cm soil 
contained the biggest TND but no significant difference with other layers (Table 2). 
 

Effect of managements 
10-20 yr swards contained a significantly lower SOC at all layers than <10 yrs old (p<0.01) 
and >20 yrs old (p<0.05), indicating >20 yrs old swards still have a capacity for C 
sequestration, contrary to (Franck, 2002). Increased SR leads to a drop in SOC content at 0-10 
cm while fields in SR of 3 (>2.5LU/ha) contained the highest SOC in the lower layers. 
Though this survey is limited, there was still evidence of the effects of animal perturbations 
on C at depth (Soussana et al., 2004). SOC in the top 30 cm depth of soil decreased with 
management intensity and dropped to the lowest value at intensity of 4 (Fig. 2). The increase 
of SOC from intensity of 4 to intensity of 5, benefited from the frequent fertilizer spread when 
reseeding. It indicated the role of frequent reseeding on the soil capacity to gaining OC 
protecting from losses. On one hand, new grass has a higher productivity (McNaughton, 1979) 
leading to more litter and root turnover which accelerate the carbon inputs. On the other hand, 
the effect of fertilizer application frequency rather than the amount is better for C protection 
when N is unlimited factor of grass growing. TND with age showed the same pattern as SOC. 
However, the variations of TND at depth were increased with increasing stocking rate. Both C 
and N stock density for the top 30 cm of presented the same pattern as SOC and TND (Fig. 3) 
indicating the dominant contribution of C/N content on stock density. There was no clear 
relationship between soil texture and SOC found in this study. No statistic differences of C:N 
rations were found at depth  
 

Microbe biomass carbon (MBC) and labile pool of carbon (LC) 
The microbial biomass carbon was 2275±954 mg kg-1 at 0-10 cm, with 56% in the top 30 cm. 
LC decreased with depth from 156 to 112 and 92 mg kg-1. The significant correlation between 
ratio of LC to SOC and management intensity (R2= 0.79, p<0.05) indicated the sensitive of the 
labile carbon pool to the soil stress of management activity. 
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Figure. 2. SOC and TN concentration at top

30cm soils under different managements 
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management at top 30cm soils 
 

Conclusion  

SOC and TN were (61, 42 and 35g kg-1) and (5.6, 4.6 and 3.8 g kg-1) in the 10, 20, 30 cm layers. 
Both of them decreased with depth (p<0.05). The total SOC and TN stock density were 
(47.3±8.9, 99.2±31.2, 145.3±56.2 t ha-1) and (4.3±0.8, 10.0±3.4, 15.0±5.7 t ha-1) by depth. 
Management intensity decreased the SOC by decreased grass residue return and accelerated C 
decomposition. Fertilizer application frequency rather than amount was more important for 
protecting C from losses. Intensive SR affected the distribution of SOC and TN leading a 
homogenous soil layer. A >20 yrs old sward still had a capacity for C accumulation. Frequent 
reseeding (<10 years) was also helpful for C stock. However, more data are needed for 
interpreting the effects of the ratio of C to N and MBC on soil C cycle. We can conclude that 
grassland management does influence TCD and TND in grassland soils. 
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Abstract 
Rotational grazing systems involve a high stocking-density of cows in small areas for short 
periods. As such, the risk of soil and sward damage is high when soil and climactic conditions 
are unfavourable. Surface deformation coupled with compaction at shallow depth (down to 
approx 0.2 m) can result in increased soil resistance and decreased aeration, affecting shoot 
and root growth rates (Menneer et al., 2005). Both soil type and soil moisture content 
(weather) are fixed characteristics for a particular farm. Any reductions in the magnitude and 
intensity of soil damage will be brought about by changes in stock management such as 
changes to stocking-density, animal live-weight and grazing management. 
 
Introduction 
Expansion of milk production will rely on bringing more land area into pasture production 
and maximising yields (Patton et al., 2012). Suitable land availability will become a limit to 
expansion (O’ Donnell et al., 2008), and as a consequence there are likely to be increasing 
pressures on existing dairy pastures as well as the potential for emergent dairy enterprises on 
marginal soil types previously not deemed suitable by farmers (Patton et al., 2012). Farms 
dominated by poorly drained soils in Ireland have been characterised by Shalloo et al. (2004). 
Such farms have a shorter grazing season (149 versus 250 days), a lower proportion of grazed 
grass in the diet (40% versus 70%) and consequently lower profitability when compared to 
those farms on free-draining soils. The shorter grazing season is due to the necessity of 
keeping cows indoors to avoid soil damage (caused by treading of cattle) due to reduced soil 
bearing capacity and by lower pasture production (Mullen et al, 1974; Patton et al., 2012).  
 
Where soils are damaged, particularly by poaching, there is a loss in both utilisation of the 
sward and in subsequent pasture production (Nie et al., 2001; Menneer et al., 2005). Severe 
poaching can reduce pasture production by up to 42% (Nie et al, 2001). This is due to a 
number of detrimental factors influencing both soil and plant. Surface deformation coupled 
with compaction at depth results in an increased soil resistance and the reduction of pore 
space (Batey and McKenzie, 2006). This in turn affects both shoot and root growth (Cook et 
al., 1996; Menneer et al., 2005). If the efficiency of the dairy sector is to be improved, 
methods of reducing soil damage while maintaining production need to be explored. 
 
For the study presented in this paper it was hypothesised that soil physical properties are 
adversely affected by (a) heavier cows, (b) a higher stocking-density and (c) an interaction 
between (a) and (b), particularly where cows are obliged to graze on poorly-drained soils 
under wet conditions. There is little literature that addresses this issue although numerous 
studies have addressed soil damage and the detrimental effects on pasture production due to 
grazing livestock (Greenwood and McKenzie, 2001; Nie et al., 2001; Menneer et al., 2005; 
Phelan et al., 2012). However, the majority of the data were generated from experimental 
plots where treading intensity (stocking rate and grazing durations) was compared with an 
untreaded control. 
 
The objective of the current study were to investigate the effects of the interaction of 
dairy-cow live-weight and stocking-density, on soil physical properties and surface 
damage in the upper layers of a poorly drained soil under rotational grazing over two 
grazing seasons 
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Materials and Methods 
 
Site Description. 
This experiment was conducted at the Teagasc Solohead Research Farm (52 ha) in Ireland 
(5230’N, 0812’W, 150 m above ordnance datum) during 2011 and 2012. The soils on the 
farm are poorly drained Gleys (90%) and Grey Brown Podzolics (10%), (Gardiner and 
Radford, 1980), with a clay-loam texture and low permeability. A quaternary till overlaying 
bedrock contains a perched watertable (depth of 0 to 2.2 m below ground level (bgl), 
Necpalova et al., 2012). The depth to the underlying Devonian Sandstone bedrock varies from 
5 m to 10 m. The farm was drained in the 1960’s with deep open drains controlling watertable 
heights. The median annual rainfall (previous 10 years) received on the site is 1017 mm 
(maximum 1296 mm in 2009 and minimum 797 mm in 2001), with effective drainage of 552 
mm. Due to a combination of soil characteristics and climate much of the farm remains 
seasonally wet and waterlogged. The grassland is used primarily for grazing by dairy cows 
and for silage production. 
 
Experimental treatments and design. 
The two breeds selected were: (1) Holstein Friesian (HF) with an average live-weight of 570 
kg (s.d. = 61 kg), and (2) crossbred Jersey (JX) with an average live-weight of 499 kg (s.d. = 
52 kg). Both breeds were split into two herds from groups balanced for lactation number 
(1,2,3,≥4) and calving date, and a low and high stocking density was imposed (Table 1). The 
experimental area of 38.4 ha was divided into six blocks depending on soil type and drainage 
status. Each block was divided into four paddocks, one of which was assigned to each system 
in a randomized complete block design from the start of the 2011 grazing season. In the 2010 
grazing season, during an initiation period, paddocks were assigned to breed groups, but not 
to stocking-densities so that both HF and JX treatment paddocks were grazed by HF and JX 
cows respectively, being managed as two herds.  
 
Between February and April, when cows were calving, all cows were managed in two herds 
(i) HF and (ii) JX. These groups grazed the paddocks assigned to their breed while alternating 
between low and high stocking-density treatment paddocks. The cows were turned out to 
graze after calving in spring and generally remained outside until November. Exceptions to 
this were made when herbage availability was too low (available pre-grazing herbage masses 
<500 kg dry matter ha-1) or when soils were deemed to be too wet (surface water ponding on 
large parts of the grazing area). On these occasions cows were housed to allow for alternative 
feeding and pasture re-growth and to avoid excessively damaging the pastures. In this way, 
typical grazing management practices were mimicked. The mean number of grazing days was 
232 in 2011 and 198 in 2012. Soil properties (soil bulk density, total porosity, macroporosity, 
gravimetric moisture content, volumetric moisture content, air-filled porosity, penetration 
resistance and shear strength) were measured on four occasions per year using standard 
methods (Herbin et al., 2011; Piwowarczyk et al. 2011). Throughout the grazing season 
poaching depth and surface deformation were measured (Phelan et al., 2012). The size of the 
back left hoof of a subset of animals from each herd was measured and taken to represent that 
of the four hooves of the cow (Herbin et al., 2011). Data was subjected to an ANOVA 
analysis. 
 

Table 1.  Cow live-weight and imposed stocking- densities 

 

Mean live-weight* (kg/cow) 

Stocking-Density (Cow/Ha) 

 2011 2012 

HF-L 573 2.35 2.45 

HF-H 567 2.56 2.67 

JX-L 501 2.39 2.49 

JX-H 497 2.64 2.75 

*P<0.001, Standard error of mean (S.E.M.) = 5.6kg 
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Results and Discussion 
Cow live-weight and stocking-density had no effect on bulk density (BD), (P>0.05) or air-
filled porosity (AFP), (P>0.05) over the course of the experiment. BD (mass of soil per unit 
volume, g cm-3) at 5-10 cm depth ranged from 0.86 g cm-3 to 1.11 g cm3. The soil response 
was more influenced by the soil moisture content than by the treatments imposed. All 
measured parameters showed strong correlations with gravimetric water content across 
treatments. Gravimetric water content was correlated with bulk density (y = -0.76x + 1.38, R2 
= 0.88, P<0.001).  

Poaching damage was much greater in 2012 than 2011 due to the much higher rainfall during 
the grazing season (784 mm compared to 588mm during the period from March 1st to 
October 31st). Soil surface deformation was 6.6  4.2 cm m-1 (Mean  standard deviation) in 
2011 compared with 14.1  5.6 cm m-1 in 2012 (P<0.001). Hoof depth was 27.9  11.9 mm in 
2011 and 47.5  17.1 mm in 2012 (P<0.001). Surface deformation was greater at high 
stocking-density (P<0.001, 11.1 versus 9.6 cm m-1, s.e. 0.2 cm m-1) as was hoof-print depth 
(P<0.001, 40.8 versus 34.6 mm, s.e. 0.5 mm), Fig 1. Hoof-print depth was also higher under 
the HF cows (P<0.01, 38.7 versus 36.7 mm, s.e. 0.5 mm), while surface deformation was not 
affected by breed, Fig 1. The lack of any significant breed effect on soil physical properties 
was most likely due to the similar static loading pressures of both breeds. Cow hoof-print 
measurements were compared with cow live-weight for a subset of animals. While the HF 
cows are heavier (580 vs. 506 kg, P<0.001) than their JX equivalents they also have larger 
hoofs (273 vs. 234 cm2, P<0.001), Fig 2. As such the mean surface loading pressure under 
both breeds is approximately the same (P=0.6). 
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Figure 6. Effect of breed, on soil surface deformation (grey columns, P>0.05) and hoof-print depth (dashed line, 
P<0.01), and effect of stocking density on soil surface deformation (white columns, P<0.001) and hoof-print depth 
(solid line, P<0.001), error bars show the treatment s.e.m. 
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Figure 2.  Relationship between cow live-weight and total hoof-area for HF () and JX (○) cows. The HF cows are 
heavier (P<0.001) and have larger hoofs (P<0.001) than their JX equivalents. 
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Conclusions 
Differences in cow live-weight did not affect soil-properties and had little effect in real terms 
on poaching damage. Surface loading pressure and stocking density, rather than live-weight, 
were the factors most affecting the soils response to treading. Structural damage can be 
minimised by removing stock during and after rain as the most unfavourable affects of 
livestock grazing on physical properties are observed during periods of high soil moisture 
content. These factors can support management decisions to reduce treading damage on wet 
soils. 
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Project title: μAQUA, Universal Microarrays for the Evaluation of Fresh-Water Quality based on the 

Detection of Pathogens and their Toxins 
 

Project Leader: Professor Nick Holden 
Abstract 
The threat of waterborne diseases is predicted to increase in the the future. To avoid outbreaks, water 
quality needs to be monitored and a universal method for rapid and cost-efficient detection of 
waterborne pathogenic microbes has been sought after for many decades. Traditional methods are 
laborious, require high levels of expertise and typically focus on only one or a few organisms at once. 
μAQUA aims to develop a universal microarray chip equipped with species specific oligonucleotide 
probes targeting protozoa, bacteria, viruses and cyanobacteria. Bioindicators for water quality will 
also be incorporated. My contribution to the project is the designing and testing of probes that target 
pathogenic members of the protozoa Cryptosporidium, Giardia, Naegleria and Entamoeba in 
environmental water samples. The project also involves monitoring of three Irish rivers, draining 
agricultural intense and urbanised catchment areas. Furthermore, the microarray data will have to be 
linked to samples with known concentrations of pathogens for validation and supplemented by tests in 
the field. 
 
Background, Skills & Qualifications 
I graduated with a M.Sc. in Environmental Sciences (Soil, Water & Atmosphere) from Wageningen 
University, the Netherlands in 2006. I have done research on soil carbon sequestration under elevated 
levels of atmospheric CO2 at the ETH Eschikon, Switzerland and the University of California, Davis, 
USA. I also explored how invasive earthworms interact with native animals and can alter carbon 
cycling within a forest at the University of Georgia, Athens, USA. During that time I became 
intrigued with the world of microbes and pursued a Ph.D. in microbial ecology at the University 
College Dublin, from which I graduated in 2010. During this period I carried out field experiments 
and used molecular techniques to study, amongst other topics, symbiotic relationships between ants 
and microbes. I have developed a great interest in the application of statistical methods, which has 
lead to a short post-doc to analyse large datasets obtained from experiments involving ruminants and 
mitigating microbial methane production. I also volunteered to work on methanogenic processes and 
microbial ecology in marine sediments which are being invaded by exotic oysters. I have joined the 
UCD School of Biosystems Engineering as a post-doctoral researcher to work with Professor Nick 
Holden on the EU FP7 funded project μAQUA. 
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Liam Brennan, BE, PhD 

Project title: Development of in-situ Rapid Assessment Techniques for Management of Biofuel-directed 
Microalgae Production Systems. 

Project Leader: Dr Kevin McDonnell 

Abstract  

The production of high quality ham products with an attractive appearance and premium eating quality is 
an important goal for the meat industry. The digital image of a ham slice contains a large number of 
image features that can be easily extracted to be read quantitatively by a computer; this is analogous to a 
real ham slice that has quality attributes (such as colour and texture) which can be qualitatively perceived 
by human vision. The main goal of this project is to search and identify the most suitable image features 
that are linked to the quality attributes of ham, and can be also useful for objective quality control in real 
time. It considers the implementation of a colour calibrated computer vision system based on the CIE 
colour standard. 

Background, skills & Qualifications 

I am a postdoctoral research fellow with the UCD School of Biosystems Engineering. My main research 
interests involve development of microalgae as a source of food, feed and chemicals (i.e., 
phytochemicals). I obtained a Bachelor of Engineering (Biosystems) in 2008 and Doctor of Philosophy 
(PhD) in 2012 from University College Dublin, Ireland. During my PhD, I conducted a study to evaluate 
the potential for production of algal biomass (including the importance of species screening), and multiple 
product extraction (biofuels, bioproducts and phytochemicals), with specific focus on the development of 
an in-situ rapid assessment technique for management of biofuel-directed microalgae production systems. 
Currently, I work in Biosystems Engineering, UCD, as a postdoctoral researcher under the direction of Dr 
Kevin McDonnell and Prof Shane Ward. 
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Rory Coffey, BAgrSc, MSc(Eng), PhD. 
 

Project Title: Development of integrated modelling techniques to assess impacts of climate change on 
waterborne pathogens. 

  
Project Leader: Dr. Enda Cummins 

  
Abstract 
Despite advances in water treatment, outbreaks of waterborne diseases still occur in developed regions 
including the United States (US) and Europe Union (EU). Water quality impairments attributable to 
elevated concentrations of fecal indicator bacteria, and associated with health risk, are also very common. 
Research suggests that the impact of such microorganisms on public health may be intensified by the 
effects of climate change. At present, the major regulatory frameworks in these regions, i.e., the US Clean 
Water Act (CWA) and the EU Water Framework Directive (WFD), do not explicitly address risks posed 
by climate change. Comprehensive analysis of future climate and water quality scenarios may only be 
achievable through the use of watershed-scale models. The objective of this work is to simulate and 
assess the impacts of climate change on microbial fate and transport using watershed-scale models. 
Unless adaptation measures are generated and incorporated into water policy, the potential threat posed to 
humans from exposure to waterborne pathogens may be amplified. Such adaptation measures will assist 
in achieving the aims of the EU WFD and US CWA and minimize impacts of climate change on 
microbial water quality. 
 
Background, Skills & Qualifications 
I completed my undergraduate studies in 2003 with an honors degree in Agricultural Science 
(Engineering Technology) from UCD. Subsequentley, I received a funded Research Masters scholarship 
from UCD Biosystems Engineering focussing on risk assessment in the food chain. Work involved the 
development of a Feed Chain Risk Assessment (FCRA) for bovine animals in Ireland and identification 
of measures to reduce human exposure to mycotoxins resulting from the consumption of food products of 
bovine origin. My PhD (at UCD Biosystems Engineering), funded by the Enviornmental Protection 
Agency, was awarded in 2010. The objective of this work was to assess, develop and apply a microbial 
model capable of predicting concentrations of pathogenic organisms in Irish drinking water catchments. 
Following my PhD I took up a postdoctoral position within UCD Biosystems Engineering as a 
teaching/research fellow and progessed research initiatives in the area watershed modelling. Currently I 
am funded as an EU FP7 Marie Curie International Outgoing Fellow and based at the Centre for 
Watershed Studies, Department of Biological Systems Engineering, Virginia Tech, USA as a visiting 
scholar. 
 
Peer-reviewed Publications 
Coffey R., Benham B, Krometis L. A., Wolfe M. L. and Cummins E. (2013). Assessing the effects of 

climate change on waterborne microorganisms: Implications for EU and USA water policy. Human and 
Ecological Risk Assessment, In Press. 

Coffey R., Cummins E., Dorai-Raj S, O’ Flaherty V. and Cormican M. (2012). Modelling of pathogen 
indicator organisms in a Small-Scale Agricultural Catchment Using SWAT. Human and Ecological 
Risk Assessment. 19 (1):232-253. 

Coffey R., Bergin D. and Cummins E. (2010). Use of meta-analysis to assess the effect of conventional 
water treatment methods on the prevalence of Cryptosporidium spp. in drinking water. Human & 
Ecological Risk Assessment, 16 (6): 1360-1378. 

Coffey R., Cummins E., Bhreathnach N., Cormican M. and O’ Flaherty V. (2010). Development of a 
pathogen transport model for Irish catchments using SWAT. Journal of Agricultural Water 
Management, 97 (10): 101-111. 

Coffey R., Cummins E. and Ward S. (2009). Exposure Assessment of mycotoxins in dairy milk. Food 
Control, 20 (3): 239-249. 

Coffey R., Cummins E., Cormican M., O’ Flaherty V. and Kelly S. (2007). Microbial exposure 
assessment of waterborne pathogens. Human and Ecological Risk Assessment, 13 (6): 1313-1351. 
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Gerard Corkery, NDipEng, BAgrSc, PhD 

Project title: Monitoring of smart sensing technologies within poultry production with the aim of 
improving overall bird performance while minimising costs 

Project Leader: Professor Shane Ward 

Abstract  

Smart agricultural systems via sensor integration are key to the sustainable development of the Irish 
agricultural sector forming the basis of a smart knowledge based economy.  This work proposes to 
integrate a smart suite of sensors into the poultry industry, predominantly broiler production.  Sensors 
inter alia temperature; humidity, light etc facilitate value adding via - real time processing data.  This data 
enables informed management decisions leading to an overall improvement in the quality and integrity of 
the final product. Such systems are currently being explored across all industry sectors to achieve 
operational and supply chain efficiencies nationally and internationally.  

Background, skills & Qualifications 

I obtained a Diploma in Agricultural Engineering from IT Tralee in 2002 and subsequently went on to 
obtain my primary degree in BAgrSc Engineering Technology from University College Dublin in 
2005. I was awarded a PhD degree in Engineering from Biosystems Engineering, UCD in 2010. My PhD 
focused on the use of biometrics as a method for identification and traceability of animals and poultry. 
During this time I worked on 2 DAFF FIRM funded projects. After receiving my PhD, I was 
employed under the Charles Parsons Energy Research Programme within Biosystems Engineering and 
the SAFSVM, School Innovation Programme as a research manager. Presently, I am employed at the 
University of Limerick working as an Irish Research Council Postdoctoral Researcher in collaboration 
Carton Bros (poultry producers) and I also hold a visiting research fellow status with UCD. 

Recent publications 

Mc Carthy, U., Ayalew, G., Corkery, G., Laniel, M., Uysal, I., Butler, F., McDonnell, K. & Ward, S., 
Emond, JP. (2012). RFID and the EPCglobal Network as a Pivotal Tool in the Development of a 
Sustainable Organisational Competitive Advantage. "Advances in Business and Management. 
Volume 5". ISBN: 978-1-62100-510-0. www.novapublishers.com. 

Mc Carthy, U., Laniel, M., Uysal, I., Corkery, G., Butler, F., McDonnell, K. & Ward, S. (2013). 
Sustainable Global Food Supply Networks. "Sustainable Food Processing". UNDER REVIEW. 
ISBN: 9780470672761. Blackwell Publishing. http://eu.wiley.com/WileyCDA/ 

McInerney, B., Corkery, G., Ayalew, G., Ward, S., and McDonnell, K. 2011. A preliminary in vivo study 
on the potential application of a novel method of e-tracking in the poultry food chain and its 
potential impact on animal welfare. Computers and Electronics in Agriculture, Volume.79, Issue 
1, Oct 2011, Pages 51-62. 

McInerney, B., Corkery, G., Ayalew, G., Ward, S., and McDonnell, K. 2010. A preliminary in vivo study 
on the potential application of e-tracking in poultry using 2D barcodes. Computers and 
Electronics in Agriculture, Volume 73, Issue 2, August 2010, Pages 112-117. 

Corkery, G., Gonzales Barron, U., Ayalew, G., Ward, S., and McDonnell, K. 2009. A preliminary 
investigation of avian comb as a potential biometric marker for identification of poultry. 
Transactions of the ASABE, 52(3): 991- 998. 
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Liana Drummond, BSc. Eng., MSc., PhD. 
 

Project Title: MILD-DRY: Novel microwave assisted vacuum drying for heat sensitive foods 
 

Project Leader: Prof. Da-Wen Sun 
  
Abstract 

Drying is by far the most useful large scale operation method of keeping solid foods safe for long periods 
of time. However, heat sensitive foods and products that possess excellent quality in terms of taste, 
aroma, texture, and appearance, pose a major challenge to dry. Cellular tissues containing gas-filled pores 
tend to collapse when subjected to dehydration, particularly noticeable with prolonged exposure to 
elevated drying temperatures, such as those used in convective drying. The Mild-Dry project aims to 
develop a variable frequency microwave vacuum-drying (MWVD) process that will bring together the 
advantages of these two effective drying methods, combining the speed of microwave drying and the 
quality preservation of vacuum drying. The system is expected to reduce the drying time of conventional 
vacuum drying processes resulting in lower energy and running costs, increased product throughput, 
preservation of the nutritional value and improved quality of heat sensitive dried foods. The project also 
aims to plan for the commercial scale up of the Mild-Dry system and its subsequent market entry, 
whereby its uptake will improve the competitiveness of European Small and Medium Enterprises (SMEs) 
from the dried foods sector.   
  
Background, Skills & Qualifications 

Graduated in 1991 at the University of Rio de Janeiro, Brazil with a BSc. in Chemical Engineering and in 
1997 from the South Bank University, London, UK, with a MSc. in Food Safety and Control. Worked as 
a Research Assistant in Delft University of Technology: TU Delft, in The Netherlands, as part of a 
research team responsible for developing and testing new applications for a novel separation process 
(eutectic freeze crystallization). Awarded a PhD from the Biosystems Engineering Department in UCD, 
in 2008. The research work conducted was on an innovative combined cooking/cooling technology for 
cooked meat products – Immersion Vacuum Cooling. Subsequently appointed for a postdoctoral position 
in Biosystems Engineering, working on the development of Immersion Vacuum Cooling for the cooked 
meat industry, particularly aimed at European SMEs (Coolmeat – FP7 project), with the objective of a 
potential scale-up and commercial application of this technology. Currently works as a post-doctoral 
researcher on the FP7 project: Mild-Dry - Microwave assisted vacuum drying for heat sensitive foods. 
 
Recent publications 

Feng, C. H., Drummond, L., Zhang, Z. H., Sun, D.-W. (2013). Effects of processing parameters on 
immersion vacuum cooling time and physico-chemical properties of pork hams. Meat Science, (in 
press). 

Zhang, Z., Drummond, L., and Sun, D.-W. (2013). Vacuum cooling in bulk of beef pieces of different 
sizes and shape – Evaluation and comparison to conventional cooling methods. Journal of Food 
Engineering 116 (2) 581–587. 

Drummond, L. and Sun, D.-W. (2012) Evaluation of the immersion vacuum cooling of cooked beef 
joints – mathematical simulation of variations in beef size and porosity and pressure reduction rates. 
Innovative Food Science and Emerging Technologies, 16, 205-210 

Feng, C. H., Drummond, L., Zhang, Z. H., Sun, D.-W., & Wang, Q. J. (2012). Vacuum Cooling of Meat 
Products: Current State-of-the-Art Research Advances. Critical Reviews in Food Science and 
Nutrition 52(11): 1024-1038. 

Drummond, L., Sun, D.-W., Vila, C.T. and Scannell, A.G.M. (2009). Application of immersion vacuum 
cooling to water-cooked beef joints – quality and safety assessment. LWT - Food Science and 
Technology 42(1), 332-337. 
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Carlos Esquerre Fernandez, BSc, MSc, PhD 

Project title: Development of optical imaging technologies to rapidly assess safety and quality of cereals 

Project Leaders: Prof Shane Ward and Dr Stephen Delwiche 

Abstract  

The overall goal of this project is to develop and validate on-line, non-destructive optical imaging 
technologies to rapidly assess safety and quality of cereals at critical processing stages post-harvest.  This 
will reduce food safety risks and result in economic benefit to the cereal industry. 

Background, skills & Qualifications 

The objective of my PhD at UCD was to develop spectroscopy and hyperspectral methods for early 
detection of physical damage in mushrooms. During this study I developed skills and knowledge in the 
areas of NIR spectroscopy, NIR hyperspectral imaging and chemometrics.  From that work I published 5 
peer-reviewed journal papers and 7 conference papers as first author. Following the successful completion 
of my PhD I took up a position as Postdoctoral Researcher at UCD Biosystems Engineering (2010) where 
I focused on chemometric and sensor development for (i) seaweed characterisation and (ii) to facilitate 
the transfer of my PhD findings to the Irish mushroom industry. My current research is funded by the EC 
FP7 Marie Curie International Outgoing Fellowship programme. My outgoing host is the Food Quality 
Laboratory, U.S. Department of Agriculture, Agricultural Research Service, Beltsville Agricultural 
Research Center, MD, USA. 

I have published 11 peer-reviewed papers in high impact journals and presented my research results at 17 
international conferences to date. I also assisted in the supervision of PhD and MSc students. I was 
previously a lecturer in universities in Peru and Chile. 

 

Recent publications 

C. Esquerre, A.A. Gowen, G. Downey, and C. P. O'Donnell (2012). Wavelength selection for 
development of a near infrared imaging system for early detection of bruise damage in 
mushrooms (Agaricusbisporus), J. Near Infrared Spectrosc. 20, 4, 21-29 

C. Esquerre, A.A. Gowen, J. Burger, C.P. O'Donnell, and G. Downey(2012). Suppressing sample 
morphology effects in near infrared spectral imaging using chemometric data pre-treatments, 
Chemom. Intel. Lab. Syst. (doi 10.1016/j.chemolab.2012.02.006) 

C. Esquerre, A. A. Gowen, C. P. O'Donnell, and G. Downey(2011). Selection of variables based on most 
stable normalised partial least squares regression coefficients in an ensemble Monte Carlo 
procedure, J. Near Infrared Spectrosc. 19, 6,443-450. 

C. Esquerre, A. A. Gowen, C. P. O'Donnell, and G. Downey(2009). Water absorbance pattern of 
physically-damaged mushrooms stored at ambient conditions. J. Near Infrared Spectrosc. 17, 6, 
353-361. 

C. Esquerre, A. A. Gowen, C. P. O'Donnell, and G. Downey(2009). Initial Studies on the Quantitation of 
Bruise Damage and Freshness in Mushrooms Using Visible-Near-Infrared Spectroscopy. J. Agr. 
Food Chem. 57, 5, 1903-1907.  
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Colm Everard, BE, PhD, Uni Cert Stats 
 

Project Title: Spectral Imaging for Contaminant Detection on Fresh Food Produce 
 

Project Leaders: Prof Shane Ward and Dr Moon Kim 
  
Abstract 
 
The overall objective of this project is to develop and validate on-line, non-destructive 
spectral imaging technologies to rapidly assess safety of fruits and vegetables. This will 
reduce food safety risks in pre-harvest and post-harvest production. This work will focus 
primarily on fresh fruits and vegetables, such as leafy greens, that have been associated with 
serious agri-food safety related outbreaks, as well as other common products such as apples 
and tomatoes. Multitask inline spectral imaging, macro-scale laser-induced fluorescence 
imaging, Raman hyperspectral imaging, and image-based portable handheld inspection 
devices will be developed for detection of contaminates on food. 
 
 
Background, Skills & Qualifications 
 
I obtained a BE in Biosystems Engineering at UCD. My PhD thesis reported on the 
determination of quality characteristics of cheeses using rheological, sensory and dielectric 
measurement techniques, and was completed in 2005 at UCD. 
I joined Teagasc, Moorepark Food Research Centre, as a Research Officer in 2005 working 
on the development of cheese syneresis control technologies for improved product 
consistency. These technologies included near and mid infrared, and computer vision systems.  
In 2008, I was awarded an Irish Research Council of Science, Engineering and Technology 
fellowship through their EMPOWER scheme which was hosted by UCD. This research 
investigated non-destructive spectral sensors for optimisation of biofuel production from 
novel sources of agricultural biomass and residues.  
In 2010, I joined the Charles Parsons Energy Research Award team at UCD, as a post-
doctoral researcher. During this period I was awarded a Science Foundation Ireland - Short 
Term Travel Fund. This award was granted to develop mathematical models to predict 
heating in Irish indigenous biomass crop piles and my host was the Reactive Substances and 
Systems Division at BAM Federal Institute for Materials Research and Testing, Berlin, 
Germany.  
My current research is funded by the EC FP7 Marie Curie International Outgoing Fellowship 
programme. My outgoing host is the Environmental Microbial and Food Safety Laboratory, 
U.S. Department of Agriculture, Agricultural Research Service, Henry A. Wallace Beltsville 
Agricultural Research Center, MD, USA. 
 
 
Recent Peer-reviewed Publications 
 
D.J. Farrelly, C.D. Everard, C.C. Fagan, K.P. McDonnell. Carbon sequestration and the role 

of biological carbon mitigation: A review. Renewable and Sustainable Energy 
Reviews 21: 712-727 (2013). 

C.D. Everard, K.P. McDonnell, C.C. Fagan. Prediction of biomass gross calorific values 
using visible and near infrared spectroscopy. Biomass and Bioenergy, 45: 203-211 
(2012). 

C.D. Everard, C.C. Fagan, K.P. McDonnell. Visible-near infrared spectral sensing coupled 
with chemometric analysis as a method for on-line prediction of milled biomass 
composition pre-pelletising. Journal of Near Infrared Spectroscopy, 20(3): 361-369 
(2012). 
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Ciara Ní Chualáin, BSc. PhD. 
 

Project Title: Universal microarrays for the evaluation of fresh-water quality based on detection of 
pathogens and their toxins 

 
Project Leader: Professor Nick Holden 

  
Abstract  
Monitoring the quality of drinking water is of paramount importance for public health. “Water is not a 
commercial product but a heritage that must be protected, defended and treated as such”, (Water 
Framework Directive 2000/60/EC). The threat of waterborne diseases in Europe will predictably increase 
in the future as the human population increases and as a result of globalization and migration from non-
EU countries and of climate change. Development of efficient, sensitive, robust, rapid and inexpensive 
tests to monitor various aspects of water quality represents an essential milestone within the strategy for 
control and prevention of diseases caused by waterborne pathogens and by algal toxins. Traditional 
methods for the detection of waterborne pathogens, based on cultivation, biochemical characterisation 
and microscopic detection are laborious and time-consuming; molecular biological tools have now greatly 
enhanced our ability to investigate biodiversity by identifying species and to estimate gene flow and 
distribution of species in time and space. μAQUA aims to design and develop a universal microarray chip 
for the high-throughput detection in water of known and emerging pathogens (bacteria, viruses, protozoa 
and cyanobacteria) and to assess the water quality monitoring the presence of select bioindicators (i.e. 
diatoms).  
 
Background, Skills & Qualifications 
I graduated in 2005 from National University of Ireland, Galway with a BSc. in Marine Science. I 
specialised in marine zoology with particular emphasis on parasitology. My degree project involved 
important fisheries science skills, such age and sex determination of teleosts, and identification of the 
metazoan parasite species infecting conger eels. In 2010, I was awarded a PhD from the Galway-Mayo 
Institute of Technology. My thesis provided the first epizootiological data on pink crab disease in Ireland, 
caused by the parasitic dinoflagellate Hematodinium sp.. I assessed the most suitable diagnostic methods 
for continued monitoring of Hematodinium sp. in Irish crustacean fisheries through the comparison of 
haemolymph smears, histology and a genus-specific PCR assay. I examined biotic and abiotic factors, and 
spatial and temporal differences in relation to Hematodinium sp. infection prevalence and infection 
intensity. I also conducted a series of laboratory experiments to examine potential infection routes of the 
parasite and to monitor disease progression in naturally infected C. pagurus. After my PhD I worked in 
the Marine Institute, the national reference laboratory for monitoring bacteriological & viral 
contamination in bivalve shellfish.  My main task was the detection of norovirus in shellfish and 
wastewater using quantitative real-time reverse transcription PCR procedures and also the detection of E. 
coli & FRNA bacteriophages. I joined the µAqua team in Biosystems Engineering in 2012 which aims to 
develop a universal microarray chip for the detection of drinking water pathogens. Much of my current 
work revolves around environmental water concentration, RNA and DNA extraction from 
Cryptosporidium and environmental water samples, optimising real-time qPCR assays and coordinating 
and conducting fieldwork. 
 
Peer-reviewed Publications 
Ní Chualáin, C & Robinson, M (2011) Comparison of assessment methods used to diagnose 

Hematodinium sp. infections in Cancer pagurus L. ICES Journal of Marine Science 68:454-
462 

 
Ní Chualáin C, Hayes M, Allen B, Robinson M (2009) Hematodinium sp. in Irish Cancer pagurus 

fisheries: infection intensity as a potential fisheries management tool. Diseases of Aquatic 
Organisms 83: 59-66 

 
In progress: Ní Chualáin, C & Robinson, M Investigation into Hematodinium sp. prevalence and infection 

intensity in Cancer pagurus from Malin Head, in relation to habitat and host factors. 
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Sharon O’Rourke, BAgSc, PhD 

Project Title: Assessment of soil carbon security using emerging techniques in hyperspectral 
imaging, x-ray florescence and pedometrics 

Project Leader: Professor Nicholas Holden 

Abstract 

The vertical distribution of organic carbon (C) in soil remains poorly understood.  Overall, deep soil is 
assumed to be a C reservoir although some proportion probably has a relatively fast turnover and 
might act as a C source if global temperatures increase.  The issue of soil C security needs to be 
addressed before soil C sequestration programmes can be advanced and deployed with confidence to 
ensure forecast increases in national soil C stocks are long-term. This project will employ 
hyperspectral imaging, X-ray fluorescence scanning and pedometric techniques to map C 
concentrations in intact soils in order to increase our understanding of the role of small-scale spatial 
organisation of soil organic C in relation to the security of the abiotic C store. 

Background, Qualifications and Skills 

Following graduation from UCD, and while based at the Agri-Food and Biosciences Institute in 
Belfast, my PhD (Queen’s University Belfast, 2009) involved the development of mitigation 
strategies to reduce phosphorus loss to freshwater systems in Irish dairy farms.  A postdoctoral 
fellowship (UCD, 2009 to 2011) involved a move in to the area of near infrared spectroscopy and an 
investigation of its potential for non-destructive analysis of soil properties, including soil C fractions. 
An academic appointment (2011 to 2012) within the UCD School of Agriculture and Food Science 
involved co-ordination of a number of undergraduate modules: ‘Soil Water Management’, ‘Nutrient 
Management’ and ‘Climate, Carbons and Soils’. My current work, as a Marie Curie research fellow, 
is being carried out at UCD and The University of Sydney. 

Recent Publications 

O’Rourke, S.M & Holden, N.M.  2012.  Determination of soil organic matter and carbon fractions in 
forest top soils using spectral data acquired from visible-near infrared hyperspectral images.  
Soil Science Society of America Journal 76:586-596. 

O'Rourke, S. M., Foy, R. H., Watson, C. J. & Gordon, A.  2012. Assessment of co-blending water 
treatment residual with dairy manure to reduce phosphorus concentrations in run-off in 
Northern Ireland. Soil Use and Management 28: 157-166. 

 
O'Rourke, S. M. & Holden, N. M.  2011.  Optical sensing and chemometric analysis of soil organic 

carbon - a cost effective alternative to conventional laboratory methods?  Soil Use and 
Management  27:143-155.    

  
O'Rourke, S.M., Argentati, I. & Holden, N.M.  2011.  The effect of region of interest size on model 

calibration for soil organic carbon prediction from hyperspectral images of prepared soils. 
Journal of Near Infrared Spectroscopy:  19: 161-170.  
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Fergal Tansey BSc, PhD, MIEI 

 
Project Title: The use of a web-linked database for analysis of food-borne pathogen molecular data 
 

Project Leader: Prof. Francis Butler 
 
Abstract 
Epidemiological investigations of food-borne disease outbreaks have been greatly aided by molecular 
sub-typing of pathogenic strains.  One of the aims of this Food for Health Research Initiative (FHRI) 
funded project Safe and healthy foods is to develop an inaugural standardised molecular sub-typing 
database to include the three main clinically significant food-borne pathogens (vero-toxigenic 
Escherichia coli, Listeria and Salmonella).  The Pathogen Annotated Tracking Resource Network 
(PATRN) is a web-based platform for storing, sharing, and analyzing food-borne pathogen data.  UCD 
has acquired a licence to use PATRN from cBio (http://cbiocorp.com), a US based company.  The 
database would allow the collation of statutory molecular data from food and clinical laboratories in both 
the north and south of Ireland, including data from the research institutes, and potentially allow faster 
analysis of any food-borne disease outbreaks spanning both real time and geographical location.  The 
database is expected to operational by autumn 2013.  Stakeholders include the Food Safety Authority of 
Ireland (FSAI), the Department of Agriculture, Food and the Marine (DAFM), Teagasc Food Research 
Center (Ashtown), Teagasc Food Research Centre (Moorepark), University College Dublin, and 
University of Ulster (Jordanstown).  The database would compliment the current standard database, 
which contains more than 120,000 records, as the national repository for all food-borne pathogen data in 
Ireland (http://microbialdatabase.ie). 
 
Background, Qualifications and Skills 
Fergal Tansey is a research project manager and thermal process engineer based at the UCD School of 
Biosystems Engineering (http://www.ucd.ie/eacollege/biosystems).  He manages a FHRI funded project 
Safe and healthy foods, which has developed a benchmark repository National Food Microbial Database 
of Ireland for foodborne pathogens (http://www.microbialdatabase.ie).  He lectures on the principles of 
thermal process engineering to students, as part of the MEngSc Degree in Food Engineering and the MSc 
Degree in Food Safety and Risk Analysis.  He directs his own consultancy campus company, which 
offers independent thermal process validation expertise to food companies, to ensure product compliance 
with food safety standards (http://www.biotec.ie).  He also managed a European Union Framework 
Programme 6 (EU FP6) funded project SigmaChain, which investigated the traceability of contaminants 
in generic food chains (http://www.sigmachain.eu).  He previously worked in technical and managerial 
roles with Teagasc, Glanbia PLC and Unilever PLC. 
 
Recent Publications 
Tansey, F. (2013a).  A review of the safety and quality of sous vide foods.  In: Sous Vide and Cook-Chill 
Food Engineering.  Ed. Ghazala, S.  Springer Publishing, New York, USA (submitted). 
Tansey, F. (2013b).  The effect of freezing and chilling on the quality of sous vide ready meal 
components.  In: Sous Vide and Cook-Chill Food Engineering.  Ed. Ghazala, S.  Springer Publishing, 
New York, USA (submitted). 
Gormley, R. and Tansey, F. (2011).  Sous vide and cook-chill processing.  In: Handbook of Food Safety 
Engineering.  Ed. Sun, D-W.  Wiley-Blackwell Publishing, Hoboken, New Jersey, USA, ISBN: 9-
78144433334-3, pp. 468-496. 
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Eilín Walsh, BSc (Hons) MSc (Agr), PhD 
 

Project Title: Current R&D in green technologies 

Project Leader: Dr. Kevin McDonnell 

Introduction 

The MSc in Sustainable Energy and Green Technologies programme offered by the School of Biosystems 
Engineering is underpinned by the best European practice by incorporating compatible EU policy drivers 
such as the Strategic Energy Technology Plan (SET Plan) for energy research, current R&D in green 
technologies through ongoing research initiatives under the Charles Parsons Energy Research programme, 
and collaboration with internationally acknowledged experts in the subject domains. One of the 
requirements of the Sustainable Energy and Green Technologies programme is that students conduct a 
research project focussed on a topic within the field which is presented as a minor dissertation. After the 
dissertations have been submitted I then assess each project for relevancy and novelty before using the 
students’ dissertation as a base to prepare an article for publication. Depending on the topic, the articles 
are prepared either for peer review or for a popular press publication. In this way, I have a significant 
responsibility for raising the profile of both the School of Biosystems Engineering and the Sustainable 
Energy and Green Technologies programme both nationally and internationally. I also work with the 
Charles Parsons Energy Research team on their activities in both peer review and popular press 
publications to highlight the research activities and outputs of this project. 

Background, Qualifications and Skills 

Joining the School of Biosystems Engineering was a natural choice for me. In 2005, having completed a 
Bachelor of Science degree in Environmental Biology in UCD, I joined the School of Biosystems 
Engineering to undertake a Masters of Science (Agriculture) before completing a PhD under the 
supervision of Dr. Kevin McDonnell. My PhD focussed on sustainable agriculture, specifically the use of 
industry-derived organic materials as an alternative to synthetic fertilisers to enhance soil fertility and 
productivity. It was during my PhD that my aptitude for technical and scientific writing became apparent 
and I am highly regarded amongst my peers for my writing, proofreading, and editing skills. Upon 
completion of my PhD research I followed an obvious progression to my current position. 

Recent Publications 
Walsh, E., McDonnell, K.P. (2012) The influence of measurement methodology on soil infiltration rate. 

International Journal of Soil Science 7(4): 168-76 
Walsh, E., McDonnell, K.P. (2012) The influence of added organic matter on soil physical, chemical, and 

biological properties: a small-scale and short-time experiment using straw. Archives of Agronomy 
and Soil Science 58 Supplement 1 (Special Issue: International Conference on Soil Fertility and 
Soil Productivity): S201-05 

Goodbody, C., Walsh, E., McDonnell, K.P., Owende, P. (2013) Regional integration of renewable energy 
systems in Ireland – the role of hybrid energy systems for small communities. International 
Journal of Electrical Power and Energy Systems 44(1): 713-20 

Wolff, D., Walsh, E., McDonnell, K.P. (2013) Practical experience with woody biomass in a down-draft 
gasifier. Journal of Technology Innovations in Renewable Energy 2(1): 47-52 

Doherty, A., Walsh E., McDonnell, K.P. (2012) The direct use of post-processing wood dust in gas 
turbines. Journal of Sustainable Bioenergy Systems 2(3): 60-64 
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Di Wu, BSc, PhD 

Project title: Prediction of eating qualities of salmon fillet from colour, marbling and surface texture 
features using hyperspectral imaging technique 

Project Leader: Professor Da-Wen Sun 

Abstract  

The development of rapid and accurate quality and safety inspection systems with the function of 
visualizing attribute distribution are important for the Irish salmon industry to ensure the safe production 
of salmon products during processing operations and the labeling of products correctly related to the 
quality, safety, authenticity and compliance. With the integration of the main advantages of spectroscopy 
and imaging, hyperspectral imaging technique can simultaneously acquire spectral and spatial information 
in one system, leading to its capability of measuring both external physical and morphological 
characteristics and internal quality attributes from a salmon fillet. In order to do this, a reliable 
hyperspectral imaging system with quantitative models will be trained, established, and validated for 
rapid and non-invasive measurement of quality and safety attributes of salmon fillets based on the most 
critical image features extracted from visible and invisible (near infrared) hyperspectral images of salmon 
fillets and their reference attribute values, which will be measured by using traditional instruments and 
sensory analysis. 

Background, skills & Qualifications 

I have completed BSc (2006) and PhD (2011) in Zhejiang University, Biosystems Engineering 
Department, China. During my PhD, I used microscopy imaging, spectroscopy, hyperspectral imaging, 
and nuclear magnetic resonance (NMR) combined with image process algorithms and chemometrics for 
rapid and non-invasive determination of quality attributes of microalgae such as microscopic 
morphological features, growth information, qualities of algal oils and algal powders. Currently, I work in 
School of Biosystems Engineering, UCD, as a postdoctoral researcher under the guidance of Prof. Da-
Wen Sun.  

Recent publications 

Wu D & Sun D-W (2013) Advanced applications of hyperspectral imaging technology for food quality 
and safety analysis and assessment: A review - Part I: Fundamentals. Innovative Food Science & 
Emerging Technologies, Doi: 10.1016/j.ifset.2013.04.014, in press. 

Wu D & Sun D-W (2013) Advanced applications of hyperspectral imaging technology for food quality 
and safety analysis and assessment: A review - Part II: Applications. Innovative Food Science & 
Emerging Technologies, Doi: 10.1016/j.ifset.2013.04.016, in press. 

Wu D & Sun D-W (2013) Application of visible and near infrared hyperspectral imaging for non-
invasively measuring distribution of water-holding capacity in salmon flesh. Talanta, Doi: 
10.1016/j.talanta.2013.05.030, in press. 

Wu D & Sun D-W (2013) Potential of time series-hyperspectral imaging (TS-HSI) for non-invasive 
determination of microbial spoilage of salmon flesh. Talanta, 111, 39-46. 

Wu D, Sun D-W & He Y (2012) Application of long-wave near infrared hyperspectral imaging for 
measurement of color distribution in salmon fillet. Innovative Food Science & Emerging 
Technologies, 16, 361-372. 
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Project Title: Affordable variable frequency microwave assisted vacuum drying for heat sensitive foods 
 

Project Leaders: Prof. Da-Wen Sun 
  
Abstract 
Food drying is a main food processing technology and a commond method for food preservation, 
providing stable ingredients for a variety of foodstuffs. Dried foods also hold many advantages, like long 
storage life, light weight for transportation. However, traditional drying (e.g. convective hot air drying) 
would often cause damage of many heat sensitive components like vitamin C, and deteriate qualities 
(such as colour, texture and aroma) of many foods like herbs, spicies and sea foods. Freeze-drying can 
provide great-quality dried foods. However, it is a cost and time intensive drying method. Freeze drying 
costs can be 200±500% higher than that of hot air drying in order to achieve the same final moisture 
content. The present project is to going to develop microwave vacuum drying, as an energy efficient 
drying method, combining advantages of microwave drying and vacuum drying, by reducing drying time, 
and drying temperature, to improve the conservation of many heat sensitive food components druing 
drying process. Furthermore, with the aim of solving fixed-frequency microwave heating uniformity 
problems, variable-frequency microwave (VFM) heating will also be explored. In order to bridge the gap 
between laboratory research and industrial application, the present project will develop a prototype 
system for its validation in commercial food drying facilities, and will deliver a model that relates 
electrical, thermal and physical properties of the selected foods that are dried under vacuum. 
 
Background, Skills & Qualifications 
I got my Bachelor degree in Food Engineering in Shanghai fisheries University. My thesis was about ice 
cream manufacture. After graduation, I did research in School of Light Chemistry and Food Science in 
South China University of Technology, as a PhD student, for about 4 years. During the period, I was 
involved in many projects, like date exploitation, sugar manufacture, crystallization of an antibiotic, beer 
brewing, vinegar soft drink exploitation, and solution of sedimentation in soy sauce. Thereafter, I pursue 
a doctoral study in UCD. During the study, I carried out an EU project, about vacuum cooling of cooked 
ready-meal components, like meat (beef, pork and lamb), carbohydrate (rice, pasta and potato), 
vegetables (broccoli, carrot) and sauces. Between 2005 and 2008, I presented food safety training to food 
companies in Ireland, on behalf of FSAI. In 2008, I completed the PhD degree in Biosystems Engineering 
Department, UCD, with the thesis “Experimental and numerical study of vacuum cooling of cooked diced 
beef and rice”. Between 2008 and 2010, I worked as a postdoctoral researcher in UCD, on a project 
named MINICRYSTAL, which used power ultrasound to reduce freezing time of meat and improve 
quality of frozen meat. Between 2010 and 2012, I was involved in another EU project, COOLMEAT, in 
which immersion vacuum cooling of large ham was developed. I am currently working for the above 
mentioned project. 
 
Peer-reviewed Publications 
Kiani, H., Sun, D.-W., Delgado, A., Zhang, Z. (2012a). Investigation of the effect of power 

ultrasound on the nucleation of water during freezing of agar gel samples in tubing vials. 
Ultrasonics Sonochemistry 19(3), 576-581. 

Kiani, H., Sun, D.-W., Zhang, Z. (2012b). The effect of ultrasound irradiation on the convective 
heat transfer rate during immersion cooling of a stationary sphere. Ultrasonics 
Sonochemistry 19(6), 1238-1245. 

Kiani, H., Sun, D.-W., Zhang, Z. (2013a). Effects of processing parameters on the convective heat 
transfer rate during ultrasound assisted low temperature immersion treatment of a stationary 
sphere. Journal of Food Engineering 115(3), 384–390. 

Kiani, H., Sun, D.-W., Zhang, Z., Al-Rubeai, M., Naciri, M. (2013b). Ultrasound-assisted freezing 
of Lactobacillus plantarum subsp. plantarum: The freezing process and cell viability. 
Innovative Food Science and Emerging Technologies, doi: 10.1016/j.ifset.2012.1012.1012. 
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