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2. EXECUTIVE SUMMARY 

This report comprises the FINAL REPORT of the DRYWASTE project entitled: “Development and 

demonstration of an innovative household dryer for the treatment of organic waste”, covering the 

project activities from 01/01/2010 to 30/06/2012. DRYWASTE (LIFE08 ENV/GR/000566) is a co-

financed project by the European financial instrument for the Environment (LIFE+). The project was 

implemented in Attica Region, Greece and had a total duration of thirty (30) months (start date: 

01/01/2010, end date: 30/06/2012). For the successful implementation of the project, eight (8) 

interconnected Actions were foreseen. Partners of the DRYWASTE project are: Coordinating 

Beneficiary: National Technical University of Athens (NTUA), Associated Beneficiary: Papagos-

Cholargos Municipality (PAPAGOS). This is the final report of the DRYWASTE project presenting 

the technical and financial activity reports to the European Commission as foreseen by the common 

provisions article 12 and in accordance with the guidelines issues by the Commission. 

 

Project Objectives 

 

EU bio-waste management policy aims to reduce the environmental and health impacts of bio-waste 

and improve Europe’s resource efficiency. The long-term goal is to turn Europe into a recycling 

society, avoiding waste and using unavoidable waste as a resource wherever possible. The aim is to 

achieve much higher levels of recycling and to minimise the extraction of additional natural 

resources. Proper waste management is a key element in ensuring resource efficiency and the 

sustainable growth of European economies. 

 

The EU added value of DYWASTE project is high in contributing to the above mentioned waste 

management policies. More specifically, the main goal of the DRYWASTE project was the 

development and demonstration of an innovative technology in the field of bio-waste management 

and treatment. Τhis technology targets to the drastic and effective reduction of source separated bio-

waste mass and volume at household level by simply removing its moisture content. Considering that 

the water content of bio-waste is around 75 % w/w the concept of bio-waste moisture removal at 

household level can potentially contribute to a more effective and efficient management of bio-waste 

compared to existing – conventional bio-waste management schemes. To this end a flexible compact 

and ergonomic household bio-waste dryer was designed, constructed, tested and demonstrated in 

selected households in PAPAGOS aiming to effectively and efficiently dehydrate segregated bio-

waste through air drying at household level on a daily basis. The bio-waste dryer, a domestic electric 

appliance, is capable of accepting the daily sorted bio-waste of each household (on average 4 

members per household) and reduce significantly the mass and volume of the input material, while 

transforming it into a dried material which has the potentials to be used as biomass for the production 

of added value products (i.e. renewable energy).  

 

The project had also the following main sub-objectives: 

■ to introduce high level of technical innovation related with the concept of waste separation of 

home combined with household drying of organics, ■ to significantly reduce at source the quantity of 

household organic waste going to final disposal while avoiding an increase of emissions to air, water 

and soil, ■ to lead to the production of a “final dry organic waste product” (after the drying process) 

with low water content, which can be further processed in alternative environmentally friendly ways, 

■ to investigate the alternative uses of the “final dry organic waste product”, ■ to assess and to 

provide insight on the large scale application of the prototype household bio-waste dryer, ■ to 

provide a well-documented and effective option for the management and treatment of organic 

household waste at source, ■ to achieve – promote suitable separation of household waste at source 

and subsequently to reinforce the waste recycling and recovery in order to contribute to meeting the 

local recycling – recovering targets as set in the relevant EU Directives and the national strategy, ■ 
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to evaluate the environmental benefits, the social benefits and the economic feasibility of this 

prototype home drying system, ■ to provide information to local authorities that will assist in 

introducing successful and cost-effective organic waste separation and treatment schemes in their 

localities and also to the householders in order to increase their participation and their environmental 

awareness, ■ to raise awareness of relevant authorities and the public, ■ to provide information to 

relevant stakeholders and target groups that will assist in introducing a successful and cost-effective 

option for the reduction of organic waste at source, ■ to establish information on existing 

biodegradable municipal waste management practices, ■ to provide information on technologies 

available for diverting biodegradable municipal waste away from landfill, ■ to disseminate and 

communicate the project progress and findings through appropriate informative activities to relevant 

stakeholders and target groups  

2.1. General progress  

The synthesis of the actions of the «DRYWASTE» project provided an effective methodology for 

the successful implementation of the project. Each action contains important activities that had to be 

accomplished in order to proceed to the implementation of future actions. In Annex 7.6.3, the main 

results derived from the technical actions of the project are recorded while their importance to the 

implementation of future actions is also described. 

 

Action 1 (Preparatory actions) started on 01/01/2010 and was completed on 15/07/2010 (instead of 

31/07/2010 – 3.5 month delay). In this action (Activity 1a) a literature review was conducted on the 

state of the art on source separation and household treatment techniques containing the most 

prominent and successful methods which are applied worldwide in regard to household 

biodegradable waste management and treatment (Deliverable 1 submitted with IR revised and 

resubmitted twice as Deliverable 10 with MR and Annex 7.2.1. Deliverable 10b with FR). 

Additionally the review also includes the policy objectives of various EU countries on waste 

management, whereas recent success stories on source separation and household treatment 

techniques (including large scale organic waste drying systems) have been recorded. In the 

framework of the same Action (Activity 1b) preliminary design calculations of the bio-waste drying 

system were elaborated in regard to the determination of the different components of the dryer, the 

dimensioning of the unit, the energy requirements etc., whereas preliminary lab experiments gave 

insight on the basic drying conditions for processing segregated bio-waste (e.g. drying method 

applied, process time and temperature, indicative operational cost) (Deliverable 3 with IR). Finally 

in Action 1 a three-day trip to the United Kingdom (03/06/2010 instead of 15/02/2010) and a five-

day trip to Germany (07/07/2010 instead of 01/03/2010) were also foreseen. The site visits gave the 

opportunity to the working group to visit different large-scale drying systems. In the UK an 

incineration plant (which included a waste drying system) was visited while in Germany two visits to 

sludge drying facilities were organized. The delay on the completion of Action 1 was caused by the 

late implementation of the site visits in UK and Germany due to the prolonged cancellation of air 

flights due to volcanic ash coming from Iceland volcano eruption. The late implementation of the site 

visits did not affect the elaboration of the deliverables foreseen in the approved proposal. 

 

Action 2 (Design of a prototype, innovative household dryer for the drying of organic waste) 

started on 01/04/2010 and was completed on 30/06/2010 as foreseen in the initial proposal. In this 

action (Activity 2a) the component parts of the “DRYWASTE” unit were designed based on the 

results of Action 1 while various other parameters were also considered (e.g. ergonomic conditions, 

environmental impacts, portability). The bio-waste household dryer is a ceramic in–vessel cylindrical 

batch reactor with a daily feeding capacity of around 4 kg of bio- waste and it comprises of 1) the 

chamber and base of the system, 2) a bio-waste basket 3) a thermal plate and thermostat, 4) a 

centrifugal fan, 5) a water vapour & leachate collector and 6) a lid and an activated carbon filter case. 
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A technical description of the prototype domestic waste drying unit along with the dryer’s full 

engineering layout have been developed providing all the necessary information related to the bio-

waste household dryer and its components (Deliverable 7 with IR and MR & Deliverable 8 with 

IR). In the framework of the same action the system’s energy consumption for bio-waste drying has 

been estimated as a function of the operational time of its electromechanical parts (i.e. centrifugal fan 

and thermal plate) (Deliverable 4 with MR).  

 

Action 3 (Engineering, construction and installation of the innovative household dryer for the 

drying of organic waste) started on 01/07/2010 and was completed on 30/09/2010 as foreseen in the 

initial proposal. This action (Activity 3a) was involved with the construction of the prototype 

household bio-waste dryer taking into consideration the findings of Actions 1 & 2. Additionally, in 

the framework of this action the prototype system was tested (Activity 3b) considering various 

operational parameters e.g. temperature level variation, energy consumption, performance of the 

electromechanical equipment, showing that the system operated adequately without any problems or 

failures. It must be stated that no deliverables were envisaged in the approved proposal during the 

implementation of this Action. 

 

Action 4 (Optimization and assessment of the home dryer operation) started on 01/10/2010 and 

was completed on 31/03/2011 as foreseen in the approved proposal. In this action (Activity 4a) the 

prototype household drying system was operated at lab scale (NTUA facilities) for a period of 4 

months under different conditions, whereas the physicochemical characteristics of the end product 

were also determined (Deliverable 11 with MR, revised and resubmitted as Annex 7.2.2. 

Deliverable 11/12 with FR). The results of the laboratory analyses provided the necessary primary 

qualitative and quantitative data that was used for the optimization of the household bio-waste dryer 

(Activity 4b). This procedure resulted in several modifications to the initially designed system in 

order to enhance the drying process performance and thus limiting the energy consumed for the 

dehydration of bio-waste at household level (Deliverable 14 submitted with MR). Next (Activity 

4c), the prototype system was assessed in terms of its performance, operational ease and flexibility 

and environmental sustainability. It was revealed that the system has the ability to dehydrate 

effectively 0.5 kg of domestic bio-waste on an 8 hr basis at about 70 
o
C while the associated energy 

consumption and cost amount to 1.13 kWh and 1.9 €/month respectively (Deliverable 12 with MR, 

revised and resubmitted as Annex 7.2.2. Deliverable 11/12 with FR). Finally (Activity 4d), an 

operational manual of the household bio-waste dryer was drafted describing in detail the operating 

features of the system (Deliverable 13 with MR, revised and resubmitted as Deliverable 13b with 

FR). 

  

Action 5 (Demonstration of the prototype home drying system in selected households) started on 

01/04/2011 and was completed on 10/04/2012 (instead of 30/09/2011 – 6 month delay) and involves 

the setup of the pilot scale bio-waste drying scheme. The first phase of the demonstration of the 

prototype system (Activity 5a) was the selection of 20 households from Papagos municipality that 

would participate in the pilot scale application of the system. However, due to the Greek structural 

reform of local administration (“Kallikratis plan 2011”) a joined municipality “Papagos-Cholargos” 

was formed by the former Papagos and Cholargos municipalities. Therefore, the project team 

decided to broaden the geographical scope of the project by including to the demonstration phase 

participants from the former Cholargos municipality. To this end from the 50 householders that 

expressed their willingness to participate to the demonstration action, 30 households, from both 

former municipalities, were actually selected to operate the bio-waste dryer. The second phase of the 

bio-waste dryer demonstration (Activity 5b) was the procurement and installation of system to the 

preselected households. At this stage delays occurred during the manufacture and delivery of the 

systems while further delay was inevitable due to the quality control failure of some systems. The 

overall delay at this stage was about 4 months. The third phase of the demonstration action (Activity 



Final report LIFE+ 

DRYWASTE (LIFE08 ENV/GR/000566) Page 12 

5c) was the training of the people involved on the use of the prototype home drying system. To this 

end a door to door training was performed to all the participating householders (during the 

installation of the bio-waste dryer) ensuring that they had been sufficiently informed on the operation 

and maintenance of the system, whereas appropriately training material was also distributed by the 

project team along with the operational manual of the dryer. Additionally, instructions were given to 

the participants on the procedure that should be followed in order to keep records and collect all the 

necessary information during the operation of the dryer. This information was of paramount 

importance in order to be able to assess the performance of the bio-waste drying scheme. The final 

phase of the demonstration action (Activity 5d) is involved with the organization and actual 

implementation of the bio-waste drying scheme. Since it was decided to broaden the geographical 

scope of the study by including more households in the pilot scale application of the bio-waste dryer, 

the project team decided to expand the duration of the demonstration by approximately 3 months (the 

foreseen duration of the demonstration was 5 months while the actual duration was 8 months). For 

the effective implementation of the pilot scale source separation and drying of bio-waste, appropriate 

equipment was distributed to each of the 30 participating households (i.e. household dryer for the 

drying process of bio-waste, electricity meter, weighing scale, bags). Every household was 

separating, weighting and recording the produced bio-waste on a daily basis. Then the source 

segregated organic material was placed in the system’s basket where the drying process was taking 

place. The dryer was set to initiate the drying process overnight for eight consecutive hours. The 

participants were following the same procedure until the substrate had been sufficiently dried. The 

processed input material was then discharged and temporarily stored in plastic bags (10L) which 

were being collected on a weekly basis by the Municipality’s cleaning service upon communication 

with the participating households and then transported to the premises of the University (NTUA) 

(Annex 7.2.4. Deliverable 24/25 with FR).Action 5 resulted in an overall 6 month and 10 days delay 

due to (a) the late the manufacturing and delivery of the dryers (≈3 months) and (b) the prolongation 

of the pilot scale bio-waste drying scheme (≈4 months). In order to overcome the late 

implementation of Action 5 the management team set a new timetable that did not effect by any 

means the successful implementation of the project as well as the initial duration of the project. In 

order to do so it was decided to run Actions 6 and 7 in parallel to the demonstration phase (More 

information is shown in Annex 7.6.2). Therefore, the late initiation and the prolongation of Action 5 

did not have any effect on the on-time completion of the remaining actions and activities, whereas no 

extension of project’s end date was required. 

 

Action 6 (Evaluation of the results of the demonstration action / Suggestions for full-scale 

implementation of the household drying system / Overall evaluation of the household drying 

system’s environmental and economic performance/ LCA Analysis) started on 20/07/2011 (instead 

of 01/10/2011) and was completed on 31/05/2012 (instead of 31/03/2012 – 2 month delay). This first 

part of this action (Activity 6a) was involved with the evaluation of the results of the demonstration 

action i.e. Action 5. During the 8 month demonstration period 1001.34 kg of bio-waste was source 

separated and dried at household level using the developed dryer. Overall the household bio-waste 

dryer managed to reduce the total mass of the produced bio-waste by 675.34 kg (i.e. 67.44 % w/w 

bio-waste mass reduction), while the purity level of the end product equals to 99.98 % w/w, which is 

significantly higher than the conventional bio-waste source separation schemes applied in EU 

countries. Additionally, the remaining moisture content of the dried organic material that was 

produced in each household throughout the duration of the demonstration period, is recorded on 

average at 25.84 % w/w indicating that the biological activity and thus the decomposition rate in the 

dried material has been effectively inhibited which is positively correlated in terms of odor nuisance. 

In terms of energy consumption, the operation of the dryer and the processing of source segregated 

food waste was recorded on average at 1.87 kWh kg
-1

 bio-waste and the associated cost amounts to 

1.17 € per month and household (Annex 7.2.4.Deliverable 24/25 with FR). In regard to the 

physicochemical analysis of the end product it is shown that the dried organic material has the 
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potential to be used as a renewable energy source through (a) thermal treatment considering that its 

gross calorific value (4,240 kcal/kg) is similar to that of wood and paper (b) anaerobic digestion 

considering that its biomethane potential (BMP) (408.97 m
3
 CH4 / tn TS) is well above the average 

values of other waste organic substrates (i.e. food industry, livestock, agricultural) and (c) bio-

catalytic process for the production of bio-ethanol considering that the carbohydrate and cellulose 

content (23-24 % w/w and 17.2 % w/w respectively) is higher than conventional source separated wet 

bio-waste. This is due to the fact that bio-waste drying at source leads to the preservation of the 

labile organic compounds (i.e. non-structural carbohydrates) which are essential in boosting the 

bioconversion of food waste to ethanol (Annex 7.2.4.Deliverable 24/25 with FR). Apart from the 

lab analysis performed the project team recorded the behavioral change of the participating 

households in terms of bio-waste management and their opinion on the dryer’s performance by 

developed a survey questionnaire prior and after the demonstration action. The results of the survey 

were very positive and encouraging showing that the participants were satisfied by the overall 

performance of the system (easiness in use, handling of bio-waste, reduction of bio-waste mass and 

volume, nuisance during the operation, willingness to buy the system etc). Additionally, the survey 

has shown that source separation and drying of bio-waste not only reduces the collection frequency 

of bio-waste but it also contributes to the limitation of rest waste collection thus contributing further 

to the sustainability of the proposed technology in terms of MSW recycling (Annex 

7.2.4.Deliverable 24/25 with FR). Finally, within the framework of the same activity appropriate 

monitoring questionnaires were developed by the project team and filled by the participants on a 

weekly basis in order to pinpoint technical observations related to the qualitative performance of the 

dryer and to record valuable information for the evaluation of the scheme (Deliverables 24/25 & 26 

with FR). The next activities of Action 6 (Activity 6b & 6c) foresee the development of suggestions 

for full-scale implementation of the household bio-waste dryer along with the overall evaluation of 

the prototype home drying system’s economic feasibility, environmental and social benefits in order 

for the DRYWASTE project to have significant added value. The examination of the full-scale 

implementation of the household bio-waste dryer involves the assessment of an investment plan 

which considers the setup of the bio-waste drying scheme in Papagos-Cholargos municipality 

(45,850 inhabitants or 13,100 households) in order to effectively source separate and dry the 

produced bio-waste (9,025 tn/yr) (Annex 7.2.7. Deliverable 28/29 with FR). The above mentioned 

investment plan incorporates two alternative scenarios based on the physical form that the end 

product is sold to the market. In the 1
st
 scenario the dried organic material is sold as collected from 

the householders without any further treatment while in the 2
nd

 scenario the material is transformed 

and sold to the market as pellet. In both scenarios the relevant capital, operational and maintenance 

activities and costs have been identified and quantified. Based on the aforementioned two scenarios 

further sub-scenarios were developed, 42 in total, considering (a) different selling prices of the end 

product between 70 to 300 €/tn and (b) different bio-waste source separation levels that is 

accomplished by the householders (levels assumed: 70, 85 and 100% of bio-waste production). A 

cost benefit analysis was performed in order to depict the large scale fiscal viability of the alternative 

scenarios that have been selected. The findings show that the investment plan is viable under the 

following conditions: 

 

 At bio-waste source separation level of 70%, the end product (dried bio-waste which does not 

undergo further process - Scenario 1) can be sold between 200-300 €/tn. Its minimum selling 

price, at which the investment is viable, equals to 204.25 €/tn 

 At bio-waste source separation level of 85 % the end product (dried bio-waste which does not 

undergo further process - Scenario 1) can be sold between 150-300 €/tn. Its minimum selling 

price, at which the investment is viable, equals to 157.25 €/tn. 

 At bio-waste source separation level of 100% the end product (dried bio-waste which does 

not undergo further process - Scenario 1) can be sold between 150-300 €/tn. Its minimum 

selling price, at which the investment is viable, equals to 103.48 €/tn 
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 At bio-waste source separation level of 70% the dried bio-waste which is transformed into 

pellet (Scenario 2) can be sold between 275-300 €/tn. The minimum selling price of the end 

product, at which the investment is viable, equals to 269.25 €/tn 

 At bio-waste source separation level of 85% the dried bio-waste which is transformed into 

pellet (Scenario 2) can be sold between 250-300 €/tn. The minimum selling price of the end 

product, at which the investment is viable, equals to 207.25 €/tn. 

 At bio-waste source separation level of 100% the dried bio-waste which is transformed into 

pellet (Scenario 2) can be sold between 150-300 €/tn. The minimum selling price of the end 

product, at which the investment is viable, equals to 154.48 €/tn. 

 

The environmental performance of the dryer was depicted through an LCA analysis in order to 

assess the environmental impacts associated with all the stages of the dryer’s life from-cradle-to-

grave (that is from raw material extraction through materials processing, manufacture, distribution, 

use, repair and maintenance, and disposal or recycling). The LCA study has shows that the overall 

environmental impacts (i.e. ozon layer depletion, global warming, human toxicity, freshwater aquatic 

ecotoxicity, terrestrial ecotoxicity, marine aquatic ecotoxicity, photochemical oxidation, 

acidification, eutrophication) associated with the construction and operation of the dryer, are 

positive. The highest positive environmental impact from the construction and operation of the 

system is related to global warming by saving 152 kg of CO2 equivalent per ton of MSW. This is 

mainly due to the diversion of bio-waste from landfills and to lesser extent to other activities/stages 

(e.g. the reduction of bio-waste collection frequency and transportation) (Annex 7.2.6. Deliverable 

27 with FR).  

It must be highlighted that Action 6 initiated earlier than envisaged in the initial proposal (i.e. 

20/7/2011 instead of 01/10/2011). This was considered appropriate because some tasks (i.e. the 

interviews and the monitoring questionnaires) had to be performed in parallel to the demonstration 

action (i.e. Action 5) in order to obtain the necessary data for the evaluation of the bio-waste drying 

scheme. It should also be stated that the prolongation of the implementation of Action 5 shifted the 

end date of Action 6 by 2 months compared to the initial proposal (i.e. actual end date 31/05/2012 

instead of 30/03/2012). In order to keep up with the time schedule of the approved proposal without 

changing the end date of the project, the management team decided to partially implement Action 7 

in parallel to Action 6. 

 

Action 7 (Alternative uses of the final product / Market opportunities in Greece) started on 

01/04/2012 and was completed on 30/06/2012 as foreseen in the approved proposal. During the 

implementation of this Action, the alternative end uses of the final dry product were examined. The 

examination of the dried bio-waste was based on the results of the demonstration phase of the dryer 

and the final product (dried bio-waste) physicochemical characteristics. During the implementation 

of this action, the link between the proposed the technology, the utilization of the final product and 

its market potential is made showing the long term sustainability of the proposed system. The fact 

that the final dry product has the potential to be further used as renewable energy source for various 

purposes (i.e. bio-fuel, thermal energy, biogas) gives high added value to the developed technology 

(Annex 7.2.8.Deliverable 30 submitted with the FR). 

 

A thorough description of Actions 1 to 7 and their associated activities is provided in section 5.1 

“Technical progress, per task” of the FR.  

 

Action 8 (Dissemination Activities) 

The implementation of Action 8 started at the beginning of the project (01/01/2010) and was 

completed on 30/06/2012. DRYWASTE project was disseminated to relevant stakeholders 

nationwide and worldwide during the implementation of this Action which took place throughout the 

project duration. More specifically the following activities took place: 
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(a) The Launching Event (Activity 8a) of the DRYWASTE project was held in Athens, in the former 

Papagos municipality’s cultural centre on the 12
th

 of October 2011 (instead of 15/01/2010). The 

launching event did not take place as foreseen due to the reform of the Greek local administration 

structure (“Kallikratis” plan 2011). Therefore the project management team and the steering 

committee decided to organise the event during the implementation of the demonstration action in 

order to promote the pilot scale application of the dryer (Deliverables 31, 32 with FR). 

 (b) The development and updating of the project’s interactive website (Activity 8b), which was 

launched early March 2010 providing information on the project, the deliverables, the events 

(meetings, demonstration events, training sessions etc.), the partners etc. The project web-site is in 

English and Greek language and has been cited in more than 60 web-sites, whereas more than 19,000 

people have visited it so far (Deliverables 33 with FR). 

(c) The International conference (Activity 8c) that took place at the end of the project disseminated 

the project findings to competent regional and local authorities, universities, scientific committees 

since representatives of relevant bodies from more than 13 countries participated to the event 

(Deliverables 33, 34, 35, 36, 37 with FR). 

(d) The development and distribution of informative material & publications (Activity 8d) 

throughout the duration of the project. A sufficient number of articles and reports at local press and 

at national newspapers and TV stations were published during the project implementation 

(indicatively Deliverables 38 to 43 with FR), whereas appropriate leaflets and newsletter were 

distributed to target groups. In addition to the latter, 4 LIFE notice boards and 3 posters were erected 

at strategic places. Additionally, the development of a short DVD film on the operation of the waste 

dryer and the advantages of its use further disseminated the developed technology to various target 

groups by its distribution to local press, project web-site, YouTube, National TV stations, the 

partners’ web-sites etc. (Annex 7.3.19. Deliverable 41 with FR). 

(e) Two training sessions (Activity 8e) have been carried out on the 04/09/2012 and 28/06/2012 for 

the public (Annex 7.3.25.Deliverable 21b and 44 with FR) and for municipal representatives 

(Annex 7.3.4.Deliverable 34 with FR) respectively.  

All dissemination activities have been completed successfully except for the (1)-day event (Activity 

8e) which was set to take place until 30/09/2011. This event was decided to be cancelled, as 

suggested by EU monitoring team (EC letter 17
th

 June 2011), due to the late organization of the 

launching event.  

 

More information on the Dissemination activities is provided in section 5.2 “Dissemination actions” 

of the FR.  

 

Action 9 (Management and Reporting to the EC) was initiated at the beginning of the project as 

foreseen in the approved time schedule and was completed on 31/06/2012. Within the framework of 

this action, the management of the project was taking place with the assignment of responsibilities to 

each partner and team member and the planning of next actions. This was achieved through the 

formulation of the management committee, the steering committee, the coordination group and the 

organization of their meetings.  

 

More information on the management of the DRYWASTE project is provided in section 4 

“Administrative part” of the FR. 

2.2. Key deliverables, milestones and outputs 

The deliverables produced during the DRYWASTE project (01/01/2010-30/06/2012) are presented 

in Annex 7.6.3, the associated milestones are shown in Annex 7.6.4 and the project’s outputs in 

Annex 7.6.5. 
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3. INTRODUCTION 

In EU economic growth is still coupled to waste generation increase, causing unnecessary losses of 

materials and energy, environmental damage and negative effects on human health and quality of 

life. The strategic goal of the EU is to move towards a resource efficient "Recycling Society" a 

society that avoids waste production and uses waste as a resource. Bio-waste constitutes the largest 

fraction of MSW and it is mainly comprised of food waste. Based on European Commission (EC), 

the total quantity of household food waste for the EU-27 is estimated to be 37.7 Mt, i.e. 76 kg per 

capita, acquiring the largest share of EU food waste sector at about 42% (EC, 2010). Future trends 

show that food waste is anticipated to increase significantly due to population growth and increasing 

consumption. At EU level food waste is mainly regulated by the Waste Framework Directive 

(2008/98/EC) and the Landfill Directive (1999/31/EC) the latter being the main driver towards the 

reduction of the environmental threat from food waste.  

Waste management options for food waste include, in addition to prevention at source, collection 

(separately or with mixed waste), anaerobic digestion and composting, incineration, and landfilling. 

Currently food waste landfilling remains the predominant waste management option for many EU 

member states since limited initiative is shown in regard to the application of national policies and 

technologies for food waste management. It is therefore evident that there is a need to find 

alternative ways to handle biodegradable waste which is produced in households and if possible to 

manage it at source. Though home composting is a process that can be developed at household level, 

in hot climates and densely populated areas is not easily applicable due to potential odor nuisance. 

Such a case is Greece and specifically Attica Region – greater Athens area - where nearly half of the 

Greek population resides and municipal waste management becomes difficult and very expensive for 

many municipalities. Out of the 4.8 million tons of MSW produced annually, approximately 23% is 

recycled (mainly packaging waste) while the remaining 77% is disposed without prior treatment 

(YPEKA, 2009). In the absence of new initiatives, waste volumes are projected to continue to rise in 

the foreseeable future posing serious environmental problems. According to the Greek Ministry of 

Environment, bio-waste comprise the major waste fraction (38% w/w) generated by households 76% 

of which is food waste (YPEKA; 2012). Additionally, recent studies have shown that water is the 

predominant component of food waste ranging from 75 to 95 % by weight (Zhang et al., 2007; 

NTUA, 2006), this indicates that significant reduction on the quantity of the putrescible fraction of 

MSW can be achieved by removing its water content.  

The aim of the DRYWASTE project is to present a new approach on bio-waste management through 

the pilot scale application of a household dryer for the dehydration of bio-waste at source in order to 

significantly reduce its mass and produce a pure biomass with alternative potential uses. To this end 

an innovative household dryer was designed, constructed, tested and demonstrated in selected 

households in Papagos-Cholargos municipality (PAPAGOS) in order to effectively and efficiently 

dehydrate segregated bio-waste through air drying at household level. Therefore, the DRYWASTE 

project introduces a new approach to bio-waste waste management which foresees the significant 

reduction of food waste quantity at source through water content removal. This approach involves 

the separation and drying of food waste at source. Dehydration of household organic waste at source 

can be considered as an emerging sustainable option for food waste management since this fraction 

of waste acquires high water content. Therefore, the removal of excess moisture by drying shall 

contribute significantly to the reduction of food waste mass and volume while limiting the 

biodegradation rate of dried organic material. The dehydrated organic material (biomass) can then be 

handled more easily while providing further environmentally friendly opportunities for the 

production of added value products. 

The main objectives of the DRYWASTE project are: (a) to promote the dissemination of an 

innovative and environmental promising bio-waste treatment technology, aiming to the reduction of 

organic waste mass and volume at source, (b) to design, develop, test, optimize, evaluate and 

demonstrate an innovative household dryer for the drying of bio-waste in order to significantly 
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reduce its mass and volume at source, to lead to the production of a “final dry organic waste product” 

(after the drying process) with very little water content, which can be further processed in alternative 

environmentally friendly ways, (c) to research the positive and negative impact of the use of this 

technology at environmental and socioeconomic level and (d) to provide suggestions on how this 

technology could be applied at a larger scale in the future, (e) to provide a well-documented and 

effective option for the management and treatment of organic household waste at source (f) to 

disseminate and communicate the projects findings and results through appropriate informative 

activities to relevant stakeholders (National, Regional and Local authorities such as Municipalities, 

Communities and Prefectures involved in the Waste Collection, Transportation, Management, 

Treatment, Recycling and Recovery) and target groups (citizens of Municipality of Papagos-

Cholargos and other Municipalities and Communities in Greece, the general public, undergraduate 

and postgraduate students, NGOs, environmental associations and organizations, relevant private 

environmental companies, scientists and academic institutions which acquire relevant expertise to 

bio-waste management, industries) 

The expected results of DRYWASTE are the following ■ contribution to the implementation of the 

requirements of the Environmental Technologies Action Plan, the Sixth Environment Action 

Program, the Landfill Directive 1999/31/EC through the design, development and implementation of 

an innovative household dryer for the drying of organics, resulting in a significant reduction in the 

volume of organic waste stream at source, ■ report on state-of-the-art systems for home separation 

and treatment of organics ■ detailed full engineering design of the innovative household dryer, 

compact system < 10 litres, ■ constructed prototype household dryer, ■ fully operational prototype 

home drying system, ■ qualified personnel able to operate and maintain the household drying 

system, ■ manual of maintenance and operation of the prototype household dryer, assessment report 

on its performance and suggestions for full-scale implementation, ■ successful installation and 

operation of the home drying systems in selected households in the area under concern, ■ tangible 

results from the successful operation and optimization of the prototype household dryer which will 

demonstrate its efficiency and economic feasibility ■ report including the evaluation of the results of 

the operation of the innovative home dryer in the selected households, ■ report on the economic 

feasibility, environmental and social benefits of the prototype household dryer, LCA report ■ report 

on suggestions for the implementation of the home dryer in full-scale ■ report including potential 

alternative uses of the “final product” derived from the home drying system ■ awareness of relevant 

stakeholders and target groups of the advantages of the implementation of the innovative household 

drying system at a larger extent.  
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4. ADMINISTRATIVE PART 

4.1.  Description of the management system 

The main target of the DRYWASTE management system was to ensure the successful technical and 

financial implementation of the project. The Coordinating beneficiary of the project was the National 

Technical University of Athens (NTUA) which was solely legally and financially responsible for the 

project implementation and management. The project associated beneficiary was Papagos-Cholargos 

Municipality (PAPAGOS) in Attica Greece. The coordinating and associated beneficiaries provided 

the necessary staff for the fulfilment of the project activities. The NTUA, supported by PAPAGOS, 

was the director – coordinator of the project and had the supervision of all the actions. The main 

objectives of the coordinator were the following: 

 

 to have at any time a wider view on the project and the main problems that arise, 

 to ascertain the overall progress of the work, 

 to manage the different priorities during the development of each activity (smoothly running of 

project actions), 

 to manage the dissemination actions within the activities, 

 to maintain communication and flow of information as required for the efficient implementation 

of the project, 

 to plan, organize, prepare and conduct the necessary analysis and follow-up of the scientific 

material, 

 to coordinate and assess the partners’ responsibilities and deliverables, 

 to prepare, monitor, review, evaluate and finalize the reports sent to the EC, 

 to deliver the financial and accounting monitoring and control 

 

The beneficiaries appointed responsible for each action of the project are presented below 

 

 
Diagram 1.Beneficiary responsible per action 

 

For the effective management of the DRYWASTE project a management team, a coordination group 

(comprised of action leaders/managers) and a steering committee were appointed and formulated at 

Coordinating Beneficiary 
National Technical University of Athens 

Action 1*  

Action 2*  

Action 3*  

Action 4*  

Action 6*  

Action 8*  

Action 9* 

Associated Beneficiary 
(Papagos-Cholargos Municipality) 

Action 5** 

Action 7** 

* In collaboration with Papagos-Cholargos Municipality 

**  In collaboration with the National Technical University of Athens 
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the beginning of the project during the kick-off meeting. The characteristics and responsibilities of 

each body are described below: 

 

Management committee: The main responsibilities of the management committee were: (i) to have 

at any time a global view on the project and the main problems that arise, (ii) to ascertain the overall 

progress of the work, (iii) to manage the different priorities during the development of each activity 

(smoothly running of project actions) (iv) to secure the optimum flow of information among the 

partners (v) to manage the dissemination of activities (vi) to provide project leadership through 

chairmanship of technical meetings, workshops, etc. (vii) to maintain communication and flow of 

information as required for the efficient implementation of the project. The management committee 

was comprised of members from the NTUA and PAPAGOS as it can be seen below: 

 

 
 

Diagram 2. Project management Committee 

 

Coordination group: Representatives of NTUA and PAPAGOS were included in the coordination 

group. The coordination group was formulated by the Action leaders/managers which were 

responsible to discuss the actions and project progress, to pinpoint any potential problems or 

constraints and to explore ways to handle them (Annex 7.6.5). During the project meetings, 

participants were having discussions on the progress of the actions/activities and elaborated on the 

steps to follow. Potential problems were being discussed and solved based on contingency plans and 

on the flexibility of the project to re-design its activities and actions. NTUA in collaboration with 

PAPAGOS were responsible for the implementation of the meetings.  

 

 

 

 

 

 

 

 

 

Project Coordinator 

Prof. Maria Loizidou 

(NTUA) 

Project Manager 

Prof. Maria 
Oxenkioun 

(NTUA) 

Project Manager 

Mr. Panagiotis 
Augoustakis 

(PAPAGOS) 



Final report LIFE+ 

DRYWASTE (LIFE08 ENV/GR/000566) Page 20 

 
Diagram 3.Members of the coordination group 

 

Steering Committee: The steering committee role was to provide guidance to the project team in 

order for the project to be widely disseminated. The steering committee was formed during the kick 

of meeting that took place in Athens on the 26
th

 of February 2010. The members of the steering 

committee can be seen in the following table: 

 
Table 1.Members of the steering committee 

 Name  Organization 

1 Maria Loizidou National Technical University of Athens 

2 Panagiotis Augoustakis Papagos-Cholargos Municipality 

3 Aikaterini Fasouli Papagos-Cholargos Municipality 

4 Aggelos Sotiropoulos National Technical University of Athens 

5 Dimitrios Malamis National Technical University of Athens 

6 Konstantinos Moustakas National Technical University of Athens 

7 Euaggelos Kapetanios 
Association of Municipalities in the Attica Region – Solid Waste 
Management 

8 Konstantina Poulla replaced in 2011 by Angeliki 
Kallia 

NGO Inten-Synergy 

9 Dimitrios Tsoukleris Association of Greek Chemists 

10 Konstantinos Aravosis Hellenic Solid Waste Management Association 

11 George Iliopoulos Technical Chamber of Greece 

12 Fotis Kourmousis Union of Environmental Scientists in Greece 

13 Katia Lazaridi Hellenic Recycling Agency 

During the managerial meetings, meetings between the members of the coordination group and the 

steering committee took place in parallel in order to have a better monitoring of the project progress 

Project Actions 
Leaders 

Action 1.  Stylianos Pervolianakis (NTUA)  

Action 2.  Margarita Katsioti-Mpeazi  (NTUA) 

Action 3.  Stylianos Chamilakis (NTUA) 

Action 4. Athanasios Tsolomitis (NTUA) 

Action 5.  
Margarita Katsioti-Mpeazi (NTUA), Aggelos Sotiropoulos 

(NTUA), Eugenia Markou (PAPAGOS) 

Action 6.  Dimitrios Kekos (NTUA) 

Action 7.  Ioannis Vikas (PAPAGOS) 

Action 8. 
Katherine-Joanne Haralambous (NTUA) Konstantinos 

Moustakas (NTUA) 

Action 9. Maria Loizidou (NTUA) 
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and a better coordination of the project between the members of all groups (management team, 

steering committee and coordination group). 

 

It must be noted, that managerial meetings were also implemented during the meetings performed for 

the technical development of the proposed project, as these have been determined in previous 

actions. Apart from the foreseen Managerial meetings (project meetings of the management and 

steering committees and coordination group), communication between the NTUA and PAPAGOS 

team members was also performed on regular basis via e-mails, faxes, and phone calls. The project 

management chart as formed in the approved proposal can be seen in the following diagram. 

 

 
Diagram 4. Project management chart 

 

The project constituted of four (4) main phases as shown in the next diagram: 

 
Diagram 5. Project phases and actions included in each phase 

 

The project management involves all the activities of Action 9 (i.e. Activities 9(a) to 9(e)) that had 

been carried out during the implementation period of the project (01/01/2010 to 30/06/2012). These 

activities are briefly described below:  

Activity 9(a): Kick-off meeting in Athens  

 

"DRYWASTE" PROJECT PHASES 

PHASE 1 

(Household Waste Dryer 
Construction Phase) 

Actions 1,2,3 

PHASE 2 

(Household Waste Dryer 
Operation/Optimization 

Phase) 

Action 4 

PHASE3 

(Household Waste Dryer 
Demonstration Phase) 

Action 5 

PHASE 4 

(Household Waste Dryer 
Evaluation Phase) 

Actions 6 &7 

Management Committee:  
NTUA: overall project management  

             and PAPAGOS representatives 
 

Coordinating group: 
Action leaders from 

NTUA and PAPAGOS 

 

Responsible for each activity and 

deliverable  

  

Efficient Management & 

Implementation of Actions 

Steering 

Committee 
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The project kick-off meeting (1
st
 managerial meeting) took place in Athens on 26/02/2010 and was 

organized by the NTUA. Eight (8) participants attended the meeting from both the coordinating and 

the associated beneficiary. At the kick-off meeting the following issues were addressed:  

 

1. Agreement on the communication methods,  

2. Planning of the next actions of the project,  

3. Assignment of Action managers/leaders for each action, who shall be held responsible for the 

successful completion of the actions,  

4. Formulation of the Management team, the Coordinating group, the action managers/leaders 

and the Steering committee comprising of representatives from each associated beneficiary. 

The Management team is comprised of the project managers while the Coordinating group is 

comprised of the project managers and the actions leaders.  

 

The minutes of the kick off meeting are presented in Deliverable 2 of the IR and Deliverable 2 of 

the MR. 

 

Activity 9(b): Action and Project Management 

During this activity the 2
nd

 managerial meeting took place in Athens on the 18
th

 of October 2010. 

Twelve (12) participants from both the beneficiaries attended the meeting while the following issues 

were discussed:  

 

 Presentation of the project progress during the whole period from the beginning of the project 

until the meeting date 

 Presentation of the “Drywaste” targets until MR 

 Discussion of problems encountered during the implementation of the project 

 

The minutes of the 2
nd

 project meeting are recorded in Deliverable 9 of the MR 

 

Two more management meetings took place during the implementation of the project. The 3
rd

 and 4
th

 

management meetings were carried out the 20
th

 May 2011 and 13
th

 of February 2012 respectively, 

whereas the minutes of the meetings are submitted as Deliverables 47 and 48 respectively with FR. 

During these meetings, the steering committee and the coordination group also performed their 

meetings in order to coordinate all actions more effectively and thus organize the project more 

efficiently. More specifically during the 3
rd

 project meeting, the following issues were discussed: 

 

 The project progress until the day the meeting was performed  

 Problems encountered during the implementation of project actions concerning the period 

between the 2
nd

 and 3
rd

 meeting. 

 Solutions given to the problems encountered and their effectiveness with respect to the 

project targets and the indicators of progress per action. 

 Τhe late initiation of the demonstration phase and the ways to tackle the delays occurred and 

to keep up with initial time schedule.  

 The extension of the duration of the bio-waste drying scheme pilot scale application aiming 

to cover the new geographical scope of the project (i.e. to include participants from the 

former Cholargos and Papagos municipalities) as amended by the reformation of the Greek 

local authorities (“Kallikratis” plan 2011) 

 Organization of the implementation of future actions by the management team and the 

coordination group 

 Setting off responsibilities for future project actions and organization of each action’s 

working group 
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 Organization of dissemination activities and the production of informative material by the 

project management team and steering committee 

 

During the 4
th

 management meeting, the following issues were discussed: 

 

 The progress of the project’s demonstration action up until the date of the meeting 

 Problems encountered during the implementation of the demonstration action  

 Resolving the issues arisen due the delays occurred in the procurement and installation 

process of the bio-waste dryers 

 Getting feedback and evaluating the progress of the LCA analysis and the economic 

feasibility study of the system 

 Solutions given to the problems encountered and their effectiveness with respect to the 

project targets and the actions indicators of progress 

 Setting the end date of the demonstration action based on the results retrieved during the 

period (September 2011-February 2012) 

 Setting off responsibilities for Action 7 of the project 

 Organizing the project’s International Conference  

 

Four (4) more unofficial management meetings between the partners’ managers took place during 

the implementation of the project. The project management team and steering committee also 

communicated with each other through e-mails, fax and phone calls in order to achieve a better 

management and dissemination of the project. No significant changes were made in the project’s 

management structure from the beginning until the end of it. The only variation worth mentioning 

that took place was the change of the legal entity of the associated beneficiary of the project due to 

the Greek local authorities’ structural reformation according to “Kallikratis plan
1
”. Therefore 

Papagos Municipality was renamed Papagos-Cholargos Municipality by including the former 

Cholargos Municipality. This change did not affect the project's management structure. 

 

Activity 9(c): Reporting to the EC 

This activity ensured that regular reporting of the technical and financial progress of the project to 

the EC. These reports include all the necessary technical and financial information according to the 

standard administrative provisions. The NTUA in collaboration with the Papagos-Cholargos were 

responsible for submitting the reports directly to the European Commission. The reporting to EC 

includes the following reports: 

 

 The IR was submitted on 15/10/2010 covering the period from 01/01/2010 to 30/09/2010.  

 The MR was submitted on 05/09/2011 covering the period from 01/01/2010 to 30/06/2011.  

 The FR was submitted on 16/04/2014 covering the period from 01/01/2010 to 30/06/2012. 

 

The initial proposal foresees the submission of the 1
st
 progress report on the 30/10/2011. However 

this report has been cancelled according to the EC letter dated on the 6
th

 of September 2010 since 

LIFE+ Common Provisions foresee the submission of progress reports only in the case when the 

delay between consecutive reports exceeds18 months. This is not the case for DRYWASTE project. 

 

Activity 9(d): Monitoring and Evaluation  

The project progress was monitored continuously by the project management team through the use of 

appropriate performance indicators. These indicators had been initially presented in the approved 

proposal and they were amended according to the EC suggestions as presented in the EC letter 

                                                 
1
 The former system of 13 peripheries-regions, 54 prefectures and 1,033 municipalities and communities was 

replaced by 7 decentralized administrations, 13 peripheries and 325 municipalities. 
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received on the 10
th

 of March 2011. All the project actions were monitored against the set indicators 

for each activity of the project. The evaluation of the project against the set indicators is provided in 

Annex 7.6.1. 

 

Activity 9(e): After Life Communication Plan  

In order for DRYWASTE project to have significant added value it is important to continue 

disseminating and communicating the project’s results after its official implementation. As described 

analytically in section 5.4.3 the project presents a high level of replicability and transferability and 

appropriate activities are foreseen for the continuation of the project in order to further promote the 

project’s findings and results to relevant stakeholders and target groups. To this end, the after-LIFE 

plan (Annex 7.4.1 Deliverable 46) aims to continue and expand the dissemination and the 

communication of the results and the outcome of DRYWASTE project by implementing several 

actions after the end date of the project. These actions are described below. 

 

 The project’s web-site shall be active for at least 5 years after the project’s completion. The 

DRYWASTE project provides a plethora of information for those being interested of getting 

familiar with the bio-waste drying technology. Therefore, the website shall remain at the 

disposal of all interested parties including information on the project (objectives, actions, and 

obtained results), the developed deliverables, the household bio-waste dryer, communication 

information etc. 

 The four (4) notice boards shall remain at their places for at least 2 year after the project 

termination. The notice boards have been erected and remain in strategic places at the premises 

of the beneficiaries aiming to inform the public about the implementation of the project.  

 The continuation of the distribution of informative material (leaflets, newsletters, DVD film) and 

the promotion of the “DRYWASTE” technology and project’s results during various events 

(related to waste management) that are being frequently organized by NTUA working team. 

Therefore the outcomes and results obtained throughout the implementation of the project will 

continue to be disseminated and communicated during the development of dissemination 

activities for other on-going LIFE projects that are currently implemented by the beneficiaries.  

 The continuation of the communication and awareness raising of relevant authorities and 

stakeholders (e.g. municipal representatives, regional waste management authorities). The 

beneficiary, in the framework of its close and constant collaboration with the ACMAR (the 

Authority that is responsible for the planning and implementation of municipal solid waste 

management schemes in the Attica Region), has contacts and meetings with  representatives of 

this Authority in order to examine the potential of incorporating the household bio-waste dryer 

in the existing management programs.  

 Municipal representatives, during contacts and meetings that had with the members of the 

working group of the beneficiary, expressed their interest to incorporate the use of the household 

bio-waste dryer into their existing schemes applied for the management of the municipal solid 

waste at their localities. The beneficiaries in the framework of their activities have close 

collaboration with Local Authorities (Municipalities and Communities), Prefecture and 

Peripheral Authorities and they plan to organise further meetings with competent representatives 

in order to disseminate and promote the application of the household bio-waste system. 

Therefore, appropriate arrangements (organisation of special events for the dissemination of the 

household composting and the prototype system, reproduction of the household composting bins 

as well as for the training of the householders) will be made and speed up the procedures for the 

application of the system at the households of these Municipalities.  

 The projects' findings shall continue to be presented in conferences, international journals and 

workshops. Both beneficiaries shall continue to participate and/or organise conferences and 

workshops at which the DRYWASTE project will be presented.  

 Further research will be conducted at NTUA premises on (a) the alternative uses of the dried 
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organic material (b) the further reduction of the energy consumption of the unit. The necessary 

research shall be performed by graduate and post graduate students which will be supervised by 

PhD students, post doc researchers and professor Loizidou. 

 

4.2. Evaluation of the management system 

4.2.1. The process / the project management, the problems encountered, the partnerships and 

their added value 

The managerial team and the way it worked throughout the implementation of the project, is 

considered to be sufficient. The overall management of the project was assigned to Professor Maria 

Loizidou having considerable experience in successfully implementing national and EU projects 

taking into account that she has participated either as coordinator or associate beneficiary in more 

than 120 EU funded projects. The rest members of the management team were Mr. Panagiotis 

Augoustakis (PAPAGOS) and Professor Maria Oxenkioun (NTUA). Both of the above mentioned 

members are very skilled and experienced in project management. The three members of the 

management team (Diagram.2) appointed the members of the coordination group at the beginning of 

the project (kick-off meeting) and comprised of staff members of the two beneficiaries having the 

responsibility to complete successfully specific actions and activities. The action leaders 

(Diagram.3) were obliged to report to the members of the management team on the results of his/her 

action at least once per week in order for the project to be kept on track. 

The project management team had several meetings throughout the project, official and unofficial 

through phone calls and emails as described in section 4.1 of the FR. The cooperation between the 

members of the Management team, the Coordinating group, the action managers/leaders and the 

Steering committee was excellent throughout the implementation of the project which resulted in the 

successful completion of the DRYWASTE project. The distinct responsibilities of each team were 

essential in the smooth, efficient and effective implementation of the project.  

The fact that there were some delays in the implementation of certain actions also tested the reflexes 

of the management team and the coordination group. The delays occurred along with the actions 

carried out to overcome the problems, are presented below: 

 

1) During the implementation of Action 1 two five (5) days trips were organised to take place in 

order to visit large scale waste drying facilities in EU Member States as stated in the approved 

proposal. One trip was organised to the UK and one to Germany. These trips did not take place as 

scheduled (in the timetable foreseen) due to the prolonged air flights cancellation across EU 

because of the Iceland’s volcanic eruption. Due to this unforeseeable event the site visits took 

place with a few weeks delay. 

 

2) The second problem that caused a delay to the implementation of the launching event was the 

initiation of the Hellenic Administrative Reform Law “Kallikratis plan” (Law 3852/2010) in early 

2011 which merged Papagos Municipality (PAPAGOS - the associated beneficiary of the project) 

with Cholargos Municipality in a new joint Municipality named Papagos- Cholargos 

Municipality. This reformation changed the geographical scope of the project. The management 

team had to make some changes in certain actions (especially the demonstration and 

dissemination actions) in order to achieve the expected results (stated in the approved proposal) in 

terms of population coverage and geographical scope of the newly joint Municipality. In order to 

overcome this unforeseeable problem the management team decided to increase the number of 

households that would participate to the demonstration action of the bio-waste dryer while at the 

same time reducing the operational period of the dryer in each household since the number of bio-
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waste dryers constructed for the demonstration action could not be increased. This excess number 

of households was selected from the former Cholargos Municipality. The above mentioned 

changes to the strategic planning of the project were approved by EC according to 22
nd

 of May 

2012 EC letter. 

 

3) The third (rather important) delay was caused by the late manufacture and delivery of the waste 

dryers to the project team. Additionally, some of the delivered dryers had malfunctions that were 

detected during their quality control performed by members of the NTUA team. A buffer period 

(for such a case) was not foreseen in the initial proposal resulting in the late initiation of the 

demonstration action (Action 5) by 2 months and 20 days. Additionally, the duration of the pilot 

scale demonstration of the dryer (Action 5) was extended by 3 months and 20 days covering an 

overall period of 8 months and 20 days (instead of 5 months) aiming to broaden the geographical 

scope of the project by including a larger number of participating households (i.e. 30 

householders from the two former municipalities received a bio-waste dryer, instead of 20 as it 

was foreseen in the approved proposal). The higher number of participants provided the working 

team with more feedback and data in order to have more conclusive and concrete results for the 

assessment of the dryer’s performance and for the evaluation of the bio-waste drying scheme. In 

order to tackle the delays occurred in Action 5 the management team decided to run in parallel 

some of the activities of Actions 5, 6 and 7 as shown in the project’s Gantt diagram in Annex 

7.6.2 and thoroughly described in sections 5.1.5 and 5.1.6 of the FR. It must be stressed that the 

aforementioned delays did not have any effect on the completion of the remaining actions while 

no extension of the end date of the project was required.  

 

All these difficulties brought the management team together and tackled the problems efficiently. 

The implementation of the project is considered to be rather successful since, a new technology 

(domestic waste drying) has been introduced and tested successfully at lab and pilot scale. This 

fruitful cooperation has resulted in the continuation of the cooperation of the two beneficiaries in a 

new LIFE+ project entitled WASTE2BIO (LIFE 11 ENV/GR/000949) which is essentially a 

continuation of the DRYWASTE project aiming to convert dried bio-waste to bio-ethanol through 

appropriate biological processes (http://www.waste2bio.eu/). 

Finally, it must be stated that according to EC letter on 06/09/2010 (Annex 5) the start and end dates 

for each activity have been set since they had been omitted in the approved proposal. To this end, the 

managerial team of the project decided to amend the time schedule of the project and to set specific 

durations for each activity of the project without changing the duration of each action. The set 

implementation dates for each activity were presented in the IR, whereas for convenient reasons the 

IR amendments are presented in the timetable of each Action (Section 5.1) along with the initial and 

actual implementation dates for each action and activity. 

4.2.2. Comparison against the project-objectives 

The objectives of the DRYWASTE project have been achieved. More specifically, the main 

objectives of the project are listed and evaluated according to the approved proposal as shown in the 

following Table. Overall, the objectives of the project have been accomplished successfully with 

several deviations from the initial time schedule. Despite the delays occurred the managerial team of 

the project (i.e. management committee, coordination group, action leaders and steering committee) 

managed to implement the objectives foreseen without any prolongation of the end date of the 

project. 

 

 

 

http://ec.europa.eu/environment/life/
http://www.waste2bio.eu/
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4.2.3. The future: continuation of the project + remaining threats 

For DRYWASTE to have significant added value it is important to continue disseminating and 

communicating its results after the end of the project. The After Life Communication Plan presented 

in Annex 7.4.1 includes a description of all the appropriate actions and activities which ensure the 

effective dissemination and communication of the project results after its completion. Some of the 

actions and activities scheduled are listed below: 

 

 the project’s web-site shall be active for at least 5 years after the project’s completion,  

 the four (4) notice boards shall remain at their places for at least 2 year after the project 

termination,  

 the continuation of the distribution of informative material (leaflets, newsletters, DVD film) and 

the promotion of the “DRYWASTE” technology and project’s results during various events 

(related to waste management) that are being frequently organized by NTUA working team. 

 the continuation of the communication and awareness raising of relevant authorities and 

stakeholders (e.g. municipal representatives, regional waste management authorities). 

 the continuation of the projects' findings presentation in conferences, international journals and 

workshops. 

 the continuation of the research at NTUA premises on (a) the alternative uses of the dried 

organic material (b) the further reduction of the energy consumption of the unit. The necessary 

research shall be performed by graduate and post graduate students which will be supervised by 

PhD students, post doc researchers and professor Loizidou. 

 

Due to the severe economic crisis in Greece funding source is difficult to be found. Therefore, the 

larger scale application of the developed technology at municipal level constitutes a difficult task. To 

this end, the project team shall make efforts to find the necessary funding in order to expand the bio-

waste drying scheme set up in Papagos-Cholargos municipality while at the same time it will provide 

all the necessary know-how to other local authorities and decision makers aiming to provide all the 

means required for the potential large scale application of the developed technology. 
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5. TECHNICAL PART 

5.1. Actions  

5.1.1. Action 1: Preparatory actions 

Status: Completed 

 

 Action 1 is divided to the following sub-activities:  

 

 
Start & End Dates 

Initial (proposal) Amended in IR Actual 

Action 1: Preparatory actions 
01/01/2010 31/03/2010 

(3 months) 

01/01/2010 31/03/2010 

(3 months) 

01/01/2010 15/07/2010 

(6.5 months) 

Activity 1(a): Literature review on the 

state of the art on source separation and 

household treatment techniques. 

Evaluation of existing methods on 

household organic waste treatment 

techniques, including large scale sludge 

drying systems 

01/01/2010 31/03/2010 

(3 months) 

01/01/2010 

31/03/2010 

(3 months) 

01/01/2010 

31/03/2010 

(3 months) 

Activity 1(b): Preliminary design 

actions of the home drying system for 

the treatment of household organics 

01/01/2010 31/03/2010 

(3 months) 

01/01/2010 

31/03/2010 

(3 months) 

01/01/2010 

15/07/2010 

(6.5 months) 

 

Both of the above mentioned sub-activities, 1(a) and 1(b), have been completed successfully during 

the implementation of Action 1. The timetable of Action 1 as has been set in the approved proposal, 

as has been amended in IR and as has been actually implemented is shown in the Gantt Diagram of 

the project (Annex 7.6.2). 

 

The objectives of Action 1 according to the approved proposal were the following: 

 Literature review on the state of the art on source separation and household treatment techniques. 

Evaluation of existing methods on household organic waste treatment techniques, including large 

scale sludge drying systems. 

 Preliminary design actions of the home drying system for the treatment of household organics  

 

Both of the aforementioned objectives have been accomplished, while the associated reports have 

been submitted with IR. The Deliverables, Milestones Performance indicators of Action 1 are 

presented in the following tables. 
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Table 2.Deliverables of Action 1 

Activity Deliverables 

Completion dates 

Comments Initial 

proposal 

Amended in 

IR* 
Actual 

1(a) 

Report on existing methods and techniques (best 

examples and good practices) on household organic 

waste management and treatment, including large 

scale drying systems  

31/03/2010 31/03/2010 

31/03/2010 Deliverable 1 with IR 

12/04/2011 Revised and submitted as Deliverable 10 with MR 

23/01/2012 
Revised again and resubmitted as Annex 7.2.1. Deliverable 

10b with FR  

1(b) 
Report on the preliminary design actions of the home 

drying system for the drying of organics 
31/03/2010 31/03/2010 15/07/2010 

This report was submitted as Deliverable 3 with IR. The late 

implementation of the report is justified by the fact that it 

includes information gained from the site visits in the UK 

(03/06/2010) and Germany (07/07/2010). 

1(b) Minutes from the trip to the UK  20/02/2012 20/02/2012 06/06/2010 This report was submitted as Deliverable 5 with IR  

1(b) Minutes from the trip to Germany  10/03/2010 10/03/2010 15/07/2010 This report was submitted as Deliverable 6 with IR 

 

Table 3.Milestones of Action.1 

Activity Milestones 

Completion dates 

Comments Initial 

proposal 

Amended  

IR* 
Actual 

1(b) Trip to United Kingdom 15/02/2010 15/02/2010 03/06/2010 
Achieved. Postponed due to unforeseeable event (Iceland 

volcano eruption) 

1(b) Trip to Germany 01/03/2010 01/03/2010 07/07/2010 
Achieved. Postponed due to unforeseeable event (Iceland 

volcano eruption) 

1(b) 
Completion of the preliminary design actions of the 

prototype household dryer  
31/03/2010 31/03/2010 31/03/2010 Achieved 

 

Table 4.Performance indicators of Action 1 

Performance Indicators 
Number 

Target  Achieved  

Number of bibliographic references used 60 100 

Number of internet sites used 20 30 

Number of case studies/research studies considered  10 16 

Number of organic waste substrate samples analysed 20 40 

Number of preliminary design parameters which are specified 3 4 
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In activity 1(a) one (1) detailed report has been prepared, containing the most prominent and 

successful methods applied worldwide in regard to household biodegradable waste management and 

treatment. More specifically, existing practices on the management and treatment of biodegradable 

household waste applied at international and EU level were identified. The report describes the state 

of the art methods for biodegradable waste management namely composting, anaerobic digestion, 

incineration, and landfilling. Additionally, the most advanced household techniques on bio-waste 

source separation and treatment were identified and presented. Six (6) EU countries have been 

considered as case studies (Italy, Germany, Sweden, United Kingdom, Netherlands and Greece). The 

policy objectives of each country have been identified (including recent statistics on biodegradable 

waste quantities) while recent success stories on source separation and household treatment 

techniques (including large scale organic waste drying systems) have been recorded. All data and 

information related to the development of Activity 1 (a) are included in Deliverable 1 that was 

submitted with the IR (15
th

 of October 2010). However, the project team has revised twice the above 

mentioned deliverable according to the suggestions presented on EC letters received on 10
th

 March 

2011 and 7
th

 December 2011. Therefore, the report was revised and submitted with the MR as 

Deliverable 10 and then it was revised again and resubmitted with the FR as Annex 7.2.1. 

Deliverable 10b. This activity was mainly carried out by the National Technical University of 

Athens (NTUA) (in collaboration with the Papagos-Cholargos Municipality) and it was developed 

based on NTUA’s experience on waste management field, on information from European 

Environmental Agency, Eurostat and European Commission’s reports. The information required for 

the elaboration of the report was also supplemented by several other relevant bibliographic 

references and internet articles. 

This research conducted during the literature review elaboration, provided the project team with 

important information about the existing bio-waste management and treatment methods used 

worldwide and their effectiveness. More specifically: 

In chapter 1 the current “EU Legislation Framework” for bio-waste is recorded. This section aims to 

provide a comprehensive description related to the priorities and principles of the existing European 

Union (EU) environmental policy on the management of bio-waste. Information such as the total 

annual arising of bio-waste in the EU (which is 76.5-102 Mt food and garden waste) are recorded 

within this chapter. Ideas such as the waste hierarchy and the existing legislative framework on the 

management and treatment of bio-waste are also recorded. The information contained within this 

chapter is rather important for the design process foreseen in Action 2, since the design of the 

domestic bio-waste drying system should take into consideration the existing legislative framework 

and the EU trend in relation to bio-waste management. Chapters 2 and 3 describe the already 

existing state of the art and innovative household organic waste treatment methods, existing in EU 

and internationally. Large scale bio-waste treatment methods are also recorded. Processes such as 

composting, anaerobic digestion, thermal treatment and landfilling, widely used today for the 

treatment of bio-waste, are described in detail and evaluated in terms of their environmental and 

socioeconomic viability (air pollution, soil pollution, water pollution, economic impacts, social 

impacts). The positive and negative effects of each process are recorded in order for the reader to 

obtain a wider view of the existing circumstances in the field of bio-waste management in the EU. 

This way the project team obtained important information on the pros and cons of the existing bio-

waste treatment methods and how they can be coupled with the technology suggested in the project 

in terms of its general operation and the final product end use potential. Chapter 4 focuses on the 

description of up to date, state of the art material sorting and pre-treatment processes that are applied 

internationally. The materials existing in MSW which are used for recycling are identified and 

categorised in this chapter. State of the art waste management techniques such as recycling, 

mechanical biological treatment, different types of waste collection schemes, existing waste volume 

and mass reduction methods are also recorded in this chapter. The already existing bio-waste 

management schemes and treatment systems gave the project team important information on the 

effective development, organisation and evaluation of the bio-waste drying scheme. It must be 
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stressed that no additional bio-waste management scheme using household waste dryers for 

dehydrating household bio-waste at source was found to operate worldwide during the literature 

research. Additionally, in chapter 4, (sections 4.7 to 4.11), the existing state of the art domestic bio-

waste treatment systems are described (i.e. home composting, household anaerobic digestion system 

and bio-waste drying systems). The technical features of each domestic bio-waste treatment system 

were recorded giving the project team important information on the already existing domestic source 

separation and treatment technologies. The literature review revealed that there is no basic research 

behind the existing bio-waste drying systems. Neither publication nor scientific evidence has been 

recorded on the capabilities of the existing bio-waste drying systems. In chapters 5 to 12, the 

existing practices on the management and treatment of biodegradable waste in several EU countries, 

namely Italy, Germany, Sweden, United Kingdom, Netherlands and Greece were recorded and 

described. Best practices in the field of biodegradable waste management were also recorded. The 

existing situation in Greece and more specifically in Attica region is also described providing all the 

necessary information related to the geographical scope of the project. 

Finally, the literature review contains important information in the field of bio-waste management 

and treatment, which gives insight on how to effectively implement and apply the technology 

suggested in the project, whereas it provides a handy guide for municipalities in Greece and EU on 

bio-waste manage. It must be stressed that the main methods used today by municipalities in Greece 

and the EU are landfilling and incineration which are considered the least favourable options 

according to EU waste management hierarchy. 

 

In activity 1(b), the preliminary design calculations of the bio-waste drying system were elaborated 

in order to facilitate the subsequent design stage (Action 2) of the system. Therefore, one (1) report 

on the preliminary design actions on the innovative household dryer has been prepared. This report 

presents all the necessary calculations for the i) determination of the different components of the 

prototype household bio-waste drying system, ii) the determination of the dimensions of the 

components of the prototype household bio-waste drying system, iii) the preliminary determination 

of the system’s energy requirements, iv) the determination of the operating temperature range and v) 

the preliminary determination of the system’s energy requirements and odors emitted during the 

operation. The preliminary design calculations were coupled with various bio-waste lab scale drying 

experiments at the facilities of the NTUA using different food waste samples. The experimental set 

up included the use of drying apparatus with and without air supply at different temperature levels, 

bio-waste mass and process time. The experiments revealed that bio-waste air drying is more 

effective than conventional drying method indicating that the household bio-waste dryer should 

employ an air supply system. More specifically, food-waste drying with air supply achieves higher 

moisture removal and lower cost in terms of energy consumption compared to food-waste drying 

without air supply. More information on the preliminary design actions and experiments conducted 

can be found in Deliverable 3 submitted with IR. Within the framework of activity 1(b) a three-day 

trip to the United Kingdom and a five-day trip to Germany were also foreseen. The site visits gave 

the opportunity to the DRYWASTE working group to visit different large-scale drying systems. In 

the UK an incineration plant (which included a waste drying system) was visited, while in Germany 

two visits to sludge drying facilities were organized. Details on the characteristics of facilities that 

have been visited are recorded in Annex 7.2.1.Deliverable 10b (submitted with FR) as part of the 

recorded large scale waste drying technologies, whereas the minutes of the site visits are recorded in 

Deliverables 5 and 6 (submitted with IR). 

The only problem that the management team encountered during the implementation of Action 1 was 

the late implementation of the site visits in UK and Germany. Although the trips have been 

scheduled on time as foreseen in the approved proposal, the trips had actually taken place on 

03/06/2010 in the UK and on 07/07/2010 in Germany. The main reason for this delay was the 

prolonged cancellation of air flights due to volcanic ash coming from Iceland volcano eruption. This 

problem had no significant impact on the project continuation since the results of this action did not 
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affect the implementation of the project’s next actions. The site visit trips gave important information 

on how waste drying technology is used at a large scale (in organic waste treatment-including sludge 

drying which is a common technology) since no large scale management scheme using household 

waste dryers exists worldwide. The visited large scale drying technologies guided the project team 

during the construction process of the DRYWASTE unit on the dehydration process of bio-waste. It 

must be stated that there are many common features between large scale dehydrators and small scale 

dehydrators in commerce. The concept applied is common in both cases. The great difference is 

actually parameters such as the materials used, the energy consumption, the volume processed and 

the type and processes of bio-waste dehydration. The visited facilities also gave significant guidance 

on the potential end uses of the final product (dried bio-waste). Valuable information obtained from 

the aforementioned site visits were incorporated in the activity 1(b) report on the preliminary design 

actions of the home drying system for the drying of organics, resulting in the late submission of the 

corresponding report (i.e. 15/07/2010 instead of 31/03/2010). Overall the sub-activities of action 1 

and the related objectives and targets were completed successfully. 

5.1.2. Action 2: Design of a prototype, innovative household dryer for the drying of organic waste   

Status: Completed 

 

 Action 2 is divided to the following sub-activities:  

 

 Start & End Dates 

Initial (proposal) Amended in IR Actual 

Action 2:Design of a prototype, 

innovative household dryer for the 

drying of organic waste 

01/04/2010 

30/06/2010 

(3 months) 

01/04/2010 

30/06/2010 

(3 months) 

01/04/2010 

30/06/2010 

(3 months) 

Activity 2(a): Design of the prototype 

household dryer 

01/04/2010 

30/06/2010 

(3 months) 

01/04/2010 

15/06/2010 

(2.5 months) 

01/04/2010 

15/06/2010 

(2.5 months) 

Activity 2(b): Energy Considerations 

01/04/2010 

30/06/2010 

(3 months) 

10/06/2010 

30/06/2010 

(20 days) 

10/06/2010 

30/06/2010 

(20 days) 

 

Both of the above mentioned sub-activities have been completed successfully during the 

implementation of Action 2. The timetable of Action 2 as has been set in the approved proposal, as 

has been amended in IR and as has been actually implemented, is presented in Annex 7.6.2 of the 

FR. 
 

The objectives of action 2 were the following: 

 

 Full engineering design of an innovative household drying system  

 Investigate the system’s energy requirements   

 

Both of the aforementioned objectives have been accomplished successfully while the associated 

reports have been submitted on time with no delays in the mid-term report. The Deliverables, 

Milestones and Performance indicators of Action 2 are presented in the following tables. 
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Table 5.Deliverables of Action.2 

Activity Deliverables 
Completion dates 

Comments 
Initial Proposal Amended in IR* Actual 

2(a) 
Report on the detailed technical description of the 

innovative household dryer  
30/06/2010 30/06/2010 15/06/2010 Submitted as Deliverable 7 with IR 

2(a) 
Full layout of the innovative household dryer and of 

its components (drawings) 
30/06/2010 30/06/2010 15/06/2010 Submitted as Deliverable 8 with IR 

2(b) Report on the system’s energy considerations  30/06/2010 30/06/2010 30/06/2010 Submitted as Deliverable 4 with IR 

 
Table 6.Milestones of Action.2 

Activity Milestones 
Completion dates 

Comments 
Initial Proposal Amended in IR* Actual 

2(a) 
Completion of the whole design process of the 

prototype household drying system 
30/06/2010 30/06/2010 30/06/2010 Achieved 

2(b) Completion of the system’s energy considerations 30/06/2010 30/06/2010 30/06/2010 Achieved 

 

Table 7.Performance indicators of Action 2 

Performance Indicators 
Number 

Target  Achieved  

Number of detailed drawings of the prototype drying system and its components 10 12 

Number of design parameters specified 5 5 

Number of alternative design features considered prior to the final selection 3 5 

On time submission of report explaining the design procedure (submission of report on time) - Target Reached 
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In activity 2(a) one (1) detailed report has been prepared, presenting the technical description of the 

innovative household dryer (Deliverable 7 submitted with IR & MR). The designers of the 

prototype household waste dryer took into consideration among others, the following parameters: 

 

 The compliance with the European Union and international environmental legislation and policy  

 the dryer should be portable and easy to use 

 the minimization of the volume of the initial waste substrate should be maximum 

 the environmental impacts of the dryer should be minimised 

 the waste process time should be minimised 

 the produced system should be attractive to the public (appearance)  

 the material used for the construction of the household waste dryer should be easily recycled, etc. 

 

The prototype household drying system aims at dehydrating the source segregated bio-waste at 

household level, by effectively removing the moisture content of the substrate. The system is a 

ceramic in–vessel cylindrical batch reactor with a daily feeding capacity of around 4 kg of bio- 

waste. The main components of the system are presented in the following image, whereas detailed 

description on the methodology followed and the parameters considered for the design of the bio-

waste drying system is given in Deliverable 7 submitted with IR & MR. 
 

 

 

 
Household drier 

 

 
Household drier  

(cross-section) 

(i) chamber and base (ii) bio-waste basket 

  
(iii) thermal plate  (iv) centrifugal fan 

  
(v) water vapour & 

leachate collector 
(vi) lid and activated carbon filter 

 

Image 1.Main parts of the bio-waste dryer 

 

Activity 2(a) also foresees the development of the dryer’s full layout along with its components. To 

this end Deliverable 8 was developed and submitted with IR presenting the drawings of the 

DRYWASTE unit along with the selection of the exact material for the construction of each 

component of the dryer. It must be stated that the electromechanical components and some parts that 

were commercially available were not designed by the project team. This activity was carried out 

successfully and on time by the NTUA, since NTUA team acquires significant experience in the 

design and construction of lab and pilot scale waste treatment systems. The NTUA scientists and 

engineers have already produced many detailed design works, such as the design of a home 

composting system in the framework of the «“COMWASTE LIFE03 ENV/GR/000205”» project and 

the design of a pilot scale composting system in the framework of the «MOROCOMP LIFE05 

TCY/MA/000141» project. 
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In Activity 2(b) a report has been prepared, providing calculations on the system’s energy 

consideration (Deliverable 4 with MR). The system’s energy consumption has been determined 

through thorough calculations on the energy required for the effective drying of bio-waste. The most 

important parameter for the calculation of the bio-waste dryer energy consumption was the 

dimensioning of the electromechanical parts of the waste dryer. More specifically, the energy 

consumption of the thermal element and the blower fan determine the device energy consumption 

calculations.  

 

The estimated energy consumption for the air supply ranges between 0.015 to 0.090 kWh depending 

on the operation time of the system as shown in Table 8. It is concluded that the air supply is 

sufficient for the purpose of bio-waste drying even for 0.5 hr operation. Respectively the estimated 

energy consumption of the thermal element (the element that provides the necessary heat within the 

system) is also depended on the operation time as presented in Table 9. Considering a heating load 

between 453 to 1563 Watt and radiant emittance equal to 3.1 Watt/cm
2
, which are considered to be 

sufficient for the purpose of bio-waste drying at source, the energy consumption is ranging between 

0,227 to 4.689 kWh for an operation period between 0.5 to 3hr which essentially regulates the 

temperature level within the system. 

 
Table 8.Analysis of air supply calculations based on the hours of operation of the bio-waste drying unit 

Operation time (h) Air supply 

(m
3
/day)

 
Max air supply 

(m
3
/h) 

Adequacy of air 

supply 

Energy consumption 

(kWh) 

0.5 0.6 6 47 Adequate 0.015 

1 0.6 6 95 Adequate 0.030 

1.5 0.6 6 142 Adequate 0.045 

2 0.6 6 190 Adequate 0.060 

2.5 0.6 6 237 Adequate 0.075 

3 0.6 6 285 Adequate 0.090 

 
Table 9.Energy consumption of thermal plate based on the hours of the dryer’s operation 

Operation time  

(hr) 

Heat load 

(Watt) 

Energy consumption  

(kWh ) 

0.5 453 1563 0.227 0.782 

1 453 1563 0.453 1.563 

1.5 453 1563 0.680 2.345 

2 453 1563 0.906 3.126 

2.5 453 1563 1.133 3.908 

3 453 1563 1.359 4.689 

 

The results of this activity are rather important for the implementation of actions 3, 4, 5, 6 and 7 

because of the fact that the energy consumption of the bio-waste dryer constitutes an important 

parameter that determines the successful implementation of the project and its environmental and 

socioeconomic feasibility. The target of the project team was to provide a bio-waste dryer with low 

energy consumption and high bio-waste mass and volume reduction rates. 
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5.1.3. Action 3: Engineering, construction and installation of the innovative household dryer for the 

drying of organic waste. 

Status: Completed 

 

 Action 3 is divided to the following sub-activities:   

 

 
Start & End Dates 

Initial (proposal) Amended in IR Actual 

Action 3: Engineering, construction and 

installation of the innovative household dryer 

for the drying of organic waste. 

01/07/2010 

30/09/2010 

(3 months) 

01/07/2010 

30/09/2010 

(3 months) 

01/07/2010 

30/09/2010 

(3 months) 

Activity 3(a): Manufacture prototype system 

components – parts 

01/07/2010 

10/09/2010 

(70 Days) 

01/07/2010 

10/09/2010 

(70 Days) 

01/07/2010 

10/09/2010 

(70 Days) 

Activity 3(b): Preliminary testing of the 

prototype household drying system 

(preliminary period of operation) 

10/09/2010 

30/09/2010 

(20 Days) 

10/09/2010 

30/09/2010 

(20 Days) 

10/09/2010 

30/09/2010 

(20 Days) 

 

Both of the above mentioned sub-activities have been completed successfully during the 

implementation of Action 3. The timetable of Action 3 as has been set in the approved proposal, as 

has been amended in IR and as has been actually implemented can be seen in Annex 7.6.2 of the 

FR. 

 

The objectives of Action 3 were the following: 

 

 Manufacture prototype system components – parts 

 Assembling of the whole dryer  

 Preliminary testing of the prototype household drying system (preliminary operation period) 

 

Αll the foreseen objectives have been achieved during the implementation of this action 

 

No deliverables were envisaged during the implementation of Action 3 in the approved proposal. No 

problems were also encountered, thus this action was completed on time as scheduled. The 

milestones and performance indicators of Action 3 can be seen below. 
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Table 10.Milestones of Action 3 

Action/ 

Activity 
Milestone 

Completion dates 
Status 

Initial 
Amended in 

IR* 
Actual 

3(a) 
Purchasing of all material required for the construction of 

the prototype household dryer  
15/07/2010 15/07/2010 15/07/2010 Completed 

3(a) 
Completion of the innovative household dryer construction 

and installation (at the NTUA laboratory)   
10/09/2010 10/09/2010 10/09/2010 Completed 

3(a) 
Fully operational prototype home drying system for the 

drying of organics 
10/09/2010 10/09/2010 10/09/2010 Completed 

3(b) 
Completion of the preliminary testing of the prototype 

household drying system 
30/09/2010 30/09/2010 30/09/2010 Completed 

 

Table 11.Performance indicators of Action 3 

Performance Indicators 
Number 

Target  Achieved  

Fully operational prototype home drying system for the drying of organics at source.  - Target Reached 

If delays in the delivery of the system’s materials-components occur, these should not exceed 10 working days - Target Reached 
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In activity 3(a) the prototype household waste drying system was manufactured on time. All the 

component parts were constructed on time with no significant delays. The system manufacture was 

based on the design elaborated in action 2 with the use of 3D CAD software and no deviations from 

the original design were experienced. 

 

In activity 3(b) a preliminary period of the system’s operation took place at the NTUA laboratory. 

The system operated for 20 days at the NTUA facilities and no significant problems during the 

system’s operation were encountered. The start-up period was envisaged in order make the necessary 

quality control of the system in terms of its operational characteristics. During the start-up period the 

following parameters were tested: 

 The variation of the temperature level (max and min levels) 

 The performance of the electromechanical equipment (the blower tolerance at high 

temperatures: 60, 70, 80
o
C, the resistance tolerance to continuous operation, the tolerance of 

the lid of the waste dryer) 

 The performance of the ceramic material in terms of its tolerance to the temperatures of 60, 

70 and 80
o
C 

 The energy consumption of the system without the input of waste material at 60-70-80
o
C 

 The whole systems tolerance to 24h continuous operation at 60-70 and 80
o
C 

The electrical parts gave the system the performance needed in terms of temperature profile 

(Diagram 6). The nature of the ceramic material used, did not cause any problems to the operation of 

the system. Below, there are some images of the constructed prototype and a graph of the 

temperature inside the waste dryer, measured using a data logger: 

 

 
 

Image 2.Constructed prototype unit (left), final dried product after grinding (right),  

 
Diagram 6.Temperature profile within the bio-waste drying system (without feedstock) 

 

No chemical or biological analyses took place during the start-up period as foreseen in the approved 

proposal. Furthermore the “DRYWASTE” team found that the main components of the system 

operated adequately without any electromechanical problems or failures. Therefore, no modifications 

were needed in terms of initial design and components selection. 
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5.1.4. Action 4: Optimization and assessment of the home dryer operation   

Status: Completed 

 

 Action 4 is divided into the following sub-activities:   

 

 Start & End Dates 

Initial (proposal) Amended in IR Actual 

Action 4: Optimization and assessment 

of the home dryer operation   

01/10/2010 

31/03/2011 

(6 months) 

01/10/2010 

31/03/2011 

(6 months) 

01/10/2010 

31/03/2011 

(6 months) 

Activity 4(a): Operation of the prototype 

household drying system 

01/10/2010 

31/03/2011 

(6 months) 

01/10/2010 

31/01/2010 

(4 months) 

01/10/2010 

31/01/2010 

(4 months) 

Activity 4(b): Optimization of the 

prototype home drying system’s 

performance 

01/10/2010 

31/03/2011 

(6 months) 

01/01/2011 

31/01/2011 

(1 month) 

01/01/2011 

31/01/2011 

(1 month) 

Activity 4(c): Assessment of the 

household drying system’s performance 

01/10/2010 

31/03/2011 

(6 months) 

01/02/2011 

31/03/2011 

(2 months) 

01/02/2011 

31/03/2011 

(2 months) 

Activity 4(d): Preparation of operation 

manual 

01/10/2010 

31/03/2011 

(6 months) 

01/03/2011 

31/03/2011 

(1 month) 

01/03/2011 

31/03/2011 

(1 month) 

 

All the above mentioned sub-activities have been completed successfully during the implementation 

of Action 4. The timetable of Action 4 as has been set in the approved proposal, as has been 

amended in IR and as has been actually implemented is presented in Annex 7.6.2 of the FR. 

 

The objectives of Action 4 were: 

 

 To train individuals (operators) to operate and maintain the drying system  

 To operate the prototype household drying system for a significant period of time 

 To produce a ‘dry waste’ that can be further utilized 

 To minimize environmental hazards 

 To optimize the performance of the prototype household drying system  

 To assess the performance of the home dryer  

 To produce a detailed manual on the operating features of the innovative household dryer      

 

All of the above mentioned objectives have been achieved during the implementation of action 4. 

The Deliverables, Milestones and Performance Indicators are presented in the following tables. 
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Table 12.Deliverables of Action.4 

Activity Deliverables 

Completion dates 

Comments 
Initial 

Amended in 

IR* 
Actual 

4(a) 
Report on the experiments conducted during 

the 4 months test period 
31/03/2011 31/01/2011 31/01/2011 

Submitted as Deliverable 11 with MR. Revised, merged 

and resubmitted with the FR as Annex 7.2.2.Deliverable 

11/12 

4(b) Guide on the optimized system’s design 31/03/2011 31/01/2011 31/01/2011 Submitted as  Deliverable 14 with MR 

4(c) Report on the prototype system’s assessment 31/03/2011 31/03/2011 31/03/2011 
Submitted as Deliverable 12 with MR. Revised, merged 

and resubmitted with the FR as Annex 7.2.2.Deliverable 

11/12 

4(d) 
Operation and Maintenance Manual of the 

prototype household dryer 
31/03/2011 31/03/2011 31/03/2011 

Deliverable 13 with MR 

Revised and resubmitted with FR as Annex 

7.2.3.Deliverable 13b 

 
Table 13.Milestones of Action.4 

Activity Milestones 

Completion dates 

Comments 
Initial 

Amended 

in IR* 
Actual 

4(a) 
Completion of the initial (start-up) operation of the prototype drying 

system at the NTUA lab 
30/09/2010 30/09/2010 30/09/2010 Achieved 

4(a) Household dryer operating at NTUA lab 30/09/2010 30/09/2010 30/09/2010 Achieved 

4(c) 
Completion of the laboratory analysis for the household dryer operating at 

NTUA lab (report on the laboratory analyses conducted) 
31/01/2011 31/01/2011* 14/03/2012 Achieved 

4(d) 
Completion of the system’s operation and maintenance manual (manual 

handbook) 
31/01/2011 31/03/2011* 31/03/2011 Achieved 

4(d) Household dryer operating under optimal conditions 31/03/2011 31/03/2011* 31/03/2011 Achieved 

4(d) 
Completion of the assessment of the home dryer operation  (report on the 

waste dryer assessment) 
31/03/2011 31/03/2011* 31/03/2011 Achieved 
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Table 14.Performance indicators of Action 4 

Performance Indicators 
Number 

Target  Achieved  

Number of different trials that will be performed in the laboratory. These trials will involve the operation of the prototype household 

waste dryer in terms of drying time. These trials will last for at least 8 hours each 
50 >50 performed 

Number of different drying temperatures assessed 4 4 

Number of different drying time periods assessed 4 4 

Number of different dried samples analyzed   40 >200 analyzed 

Treatment cost per month per capita   <2euros <1 euro achieved 

Number of laboratory measurements concerning the heavy metals, total organic carbon, pH, conductivity, volatile substances and total 

organic matter of the final dry product, conducted in total during the laboratory analyses period 
200 >200 conducted 

Number of measurements of moisture content of the feed and final material in total 100 >100 conducted 

Number of copies of the manual 25 60 produced 

Number of measurements of calorific value 30 >30 measured 

Number of operating parameter optimized   1 2 

Number of operating parameter considered for the assessment of the drying system’s performance 1 3 considered 

Number of suggestions made to enhance the drying system’s performance 5 5 
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In activity 4(a) the prototype household waste drying system, operated at the NTUA facilities for a 

period of 4 months under different operating conditions i.e. temperature levels, the residence time of 

bio-waste in the drying reactor, quantity of the feedstock etc. Additionally, extensive laboratory 

analyses were performed to determine the physicochemical characteristics (moisture content, 

calorific value, pH, electric conductivity, etc.) of the substrate and the end product (dried bio-waste). 

The household drying system’s energy requirements were recorded, whereas its operating cost was 

also determined. 

The results of the laboratory analyses provided the necessary primary qualitative and quantitative 

data that was used for the optimization of the household bio-waste dryer. More specifically: 

The experiments conducted showed that the higher moisture removal is obtained at ≈80
o
C on an 8 hr 

basis in all samples tested, whereas the water content of the end product is lower than 20 % w/w 

when operating at 70 and 80 
o
C. 

Moreover, the energy consumption of the prototype system was recorded and as expected it was 

found to be proportional to the operated temperature level as shown in the following Table. Based on 

the above experimental results it was proven that the performance of the prototype system, in terms 

of moisture removal and energy consumption, is more efficient when operating at about 70
o
C for 

eight consecutive hours. 
 

Table 15.Energy consumption of the prototype system operating for 8hr and energy cost at 0.0709 €/kWh 

 (Samples mass = 0.5 kg) 

Drying 

temperature (
o
C) 

Daily Energy 

consumption (kWh) 

Monthly Energy 

consumption (kWh) 

Monthly operational cost 

(€/month) 

60 0.73 22.00 1.56 

70 0.93 28.00 1.99 

80 1.13 34.00 2.40 

 

Finally it must be stated that the type of waste used throughout the laboratory testing period was 

domestic bio-waste (mainly kitchen waste). The samples were prepared at the NTUA laboratory 

while details on the composition and quantities of the samples are described in the corresponding 

Deliverable. The report of activity 4(a) was submitted as Deliverable 11 with MR; however 

according to the EC letter on the 7
th 

of December 2012 the report has been revised, merged with the 

report of activity 4(c) and resubmitted as Annex 7.2.2.Deliverable 11/12 with the FR. It was 

considered appropriate to merge the two reports into a single deliverable since the results obtained 

from the measurements conducted using the developed system (Activity 4(a) report) are essential for 

the assessment of the prototype system’s performance (Activity 4(c) report).  

 

In activity 4(b) the system’s performance was optimized with respect to parameters such as: (i) high 

reduction of the moisture content – high reduction of the organic waste volume, (ii) minimization of 

the drying system’s odours and (iii) minimization of the total system’s energy requirements. The 

optimization was based on the lab scale experimental series and analyses performed using the 

prototype bio-waste dryer. This procedure resulted in several modifications to the initially designed 

system aiming to enhance the drying process, limit the energy consumption for the dehydration of 

bio-waste and reducing the capital and operational cost of the system. Indicatively, the following 

modifications have been performed: 

 

 Modification of the drying chamber’s surface (Figure 1). In the initial design a triangle section 

around the surface of the chamber has been formed aiming to drive the condensed water vapor 

from food waste drying, to the leachate collection plate. However, during the bio-waste drying 

trials it has been shown that the water vapor is absorbed by the ceramic material that the chamber 

is made from. Therefore, in the absence of water droplets on the inner surface of the chamber, the 

triangle section is no longer necessary.  

 



Final report LIFE+ 

DRYWASTE (LIFE08 ENV/GR/000566) Page 43 

 

 

 

 

 

 

 
 

Figure 1.Drying chamber of the prototype dryer (left), drying chamber of the optimized unit (right) 

 

 The base of the waste drying unit was modified in order to enhance the effectiveness of air supply 

within the bio-waste dryer (Figure 2.). 

 

   
Figure 2. Base of the prototype dryer (left), base of the optimized unit (right) 

 

 The design of the drying basket was altered in order to simplify its manufacturing which in turn 

lowers its construction cost (Figure 3.) 

 

   
 

Figure 3. Drying basket of the prototype dryer (left), drying basket of the optimized unit (right) 

 

 In the initial design the bottom part of the leachate collection plate acquired eight (8) radial flaps 

which aimed at improving the air supply within the chamber. The bio-waste drying trials have 

shown that the flaps did not contribute in enhancing the drying process, while the addition of 

these flaps further burden the overall manufacturing cost. Taking into consideration the above 

mentioned factors it was decided to omit the flaps in the optimized design of the dryer (Figure 4.) 

 

   
 

Figure 4. Leachate collection plate of prototype dryer (left), leachate collection plate of optimized unit (right) 
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 The thermal plate of the prototype unit was redesigned by omitting the metal ring that was 

placed for supporting the heating cable (figure 5.). The addition of metal ring was proven to 

be unnecessary while at the same time it increases the overall manufacturing cost. 

   
Figure 5. Thermal plate of prototype dryer (left), thermal plate of the optimized unit (right) 

 

More information on the modifications performed on the dryer’s design to optimize its performance 

is given in Deliverable 14 submitted with MR. 

 

In activity 4(c) the prototype system was assessed in terms of its performance, its operational ease 

and flexibility and its environmental sustainability based on specific parameters. The assessment was 

based on the results of the laboratory analyses. More specifically, it was based on the measured 

“final dried product” data (such as moisture content, calorific value, final volume, etc.), the recording 

of potential operating problems, the detailed break-down of the system’s operating and maintenance 

expenses etc. Furthermore, comments on the system’s behaviour under the different operating 

conditions (temperature range, residence time of waste in the drying reactor, level of pre-treatment of 

the organic substrate etc.) of the previous action were made during the implementation of this 

activity.  

The assessment of the system’s performance revealed that the system has the ability to dehydrate 

effectively 0.5 kg of domestic bio-waste on an 8 hr basis at ≈70 
o
C. The energy consumption on an 8 

hr/day basis was 1.13 kWh while the associated operational cost amounts to 1.9 €/month for the 

treatment of about 15 kg of bio-waste. The average moisture removal of bio-waste samples studied, 

reached at 75 % w/w. The report of this activity was initially submitted with MR as Deliverable 12. 

However, the management team in agreement with the external monitoring team has revised and 

merged the above mentioned report with the report of activity 4(a) (“report on the experiments 

conducted during the 4 months test period of the prototype bio-waste dryer”). The merged report is 

submitted as Annex 7.2.2.Deliverable 11/12 with the FR. 

 

In activity 4(d) a manual of the system, which describes in detail the operating features of the 

system, was prepared during the implementation of this activity. The manual was written in a simple 

language targeting the general public in understanding the basic operation of the bio-waste drying 

system. This manual includes values (or range of values) for parameters such as the operating 

temperature, the residence time of the waste inside the reactor, etc. Moreover, the manual contains 

the following features: Listing of all system’s components accompanied by suitable drawings, 

operation instructions, detailed maintenance actions including its cleaning procedure and a detailed 

explanation of the system’s operation. The detailed manual was prepared by the NTUA team and 

submitted with MR as Deliverable 13. According to the EC letter on the 11/12/2011 (comment 4) 

the operational manual was properly revised and submitted with the FR as Annex 7.2.3.Deliverable 

13b. 
Neither delays nor deviations from the initial time schedule were noticed during the implementation 

of all, of the above mentioned activities 
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5.1.5. Action 5: Demonstration of the prototype home drying system in selected households 

Status: Completed 

 

 Action 5 is divided to the following sub-activities:   

 

 
Start & End Dates 

Initial (proposal) Amended in IR Actual 

Action 5: Demonstration of the prototype 

home drying system in selected households 

01/04/2011 

30/09/2011 

(6 months) 

01/04/2011 

30/09/2011 

(6 months) 

01/04/2011 

10/04/2012 

(≈12 months) 

Activity 5(a): Selection of the households 

that will participate in the target area 

01/04/2011 

30/09/2011 

(6 months) 

01/04/2011 

10/04/2011 

(10 Days) 

01/04/2011 

17/12/2012 

(≈8.5 months) 

Activity 5(b): Procurement and 

installation of the prototype home drying 

system in the selected households 

01/04/2011 

30/09/2011 

(6 months) 

10/04/2011 

30/04/2011 

(20 Days) 

15/04/2011 

17/12/2011 

(8 months) 

Activity 5(c): Training of the people 

involved on the use of the prototype home 

drying system. 

01/04/2011 

30/09/2011 

(6 months) 

10/04/2011 

30/04/2011 

(20 Days) 

20/07/2011 

17/12/2012 

(5 months) 

Activity 5(d): Organization of the whole 

scheme and successful implementation of 

the demonstration action. 

01/04/2011 

30/09/2011 

(6 months) 

1/05/2011 

30/09/2011 

(5 months) 

20/07/2011 

10/04/2012 

(≈8.5 months) 

 

All of the above mentioned sub-activities have been completed during the implementation of this 

action. The timetable of Action 5 as has been set in the approved proposal, as has been amended in 

IR and as has been actually implemented can be seen in Annex 7.6.2 of the FR. 

 

The objectives of Action 5 according to the approved proposal were the following: 

 

 Selection of the households that will participate in the target area  

 Increase of the environmental concern of the people so as to willingly participate in the 

implementation of this action  

 Procurement of the prototype household drying system  

 Installation of the innovative home drying system in the selected households 

 Training of the people involved on the use of the prototype household drying system 

 Successful implementation of the demonstration action  

 

All of the above mentioned objectives were achieved during the implementation of action 5. The 

Deliverables, Milestones and Performance Indicators of Action 5 are presented in the following 

tables. 
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Table 16.Deliverables of Action.5 

Activity Deliverables 

Completion dates 

Comments 
Initial 

Amended 

in IR* 
Actual 

5(d) 
Report on the results of the 

demonstration action 
30/09/2011 30/09/2011 10/04/2012 

This report was merged with the (i) report on the evaluation of the results of the demonstration 

action (Activity 6a) and (ii) written results from the interviews (Activity 6a).  The merged report 

was submitted with FR as Deliverable 24/25. The results of the demonstration have been 

elaborated on the 10/04/2012 but the deliverable was finalized on the 30/04/2012 in order to 

incorporate the findings of Activity 6a. 

 

Table 17.Milestones of Action.5 

Activity Milestones 

Completion dates 

Comments 
Initial 

Amended 

in 

IR* 

Actual 

5(a) 

Completion of the 

selection of the 20 

households that will 

participate in the target 

area 

10/04/2011 10/04/2011 17/12/2011 

Due to the Greek structural reform of local administration (“Kallikratis plan 2011”) a joined 

municipality “Papagos-Cholargos” was formed by the former Papagos and Cholargos 

municipalities. Therefore, the project team decided to broaden the geographical scope of the 

project by including to the demonstration phase participants from the former Cholargos 

municipality. To this end from the 50 householders that expressed their willingness to 

participate to the demonstration action, 30 households, from both former municipalities, were 

actually selected to operate the bio-waste dryer instead of 20 that was foreseen in the approved 

proposal. 

5(b) 

Completion of the 

installation of the 

prototype home drying 

system in the selected 

households 

20/04/2011 20/04/2011 

20/07/2011 

to 

17/12/2011 

The installation of the bio-waste dryers was performed throughout the demonstration action. 

This dynamic process was performed since 30 households had been selected to operate the 

system while 20 drying systems had been constructed for the pilot scale implementation of the 

bio-waste scheme. Therefore, at the end of the operational period of the dryer at each household 

(i.e. minimum 5 weeks per household), the system was being uninstalled and installed in another 

household. The as it is shown in Annex  7.6.7 of the FR  

5(d) 
Completion of the 

demonstration action 
30/09/2011 30/09/2011 10/04/2012 

The completion of this milestone was delayed by 6 months and 10 days due to (a) the late 

initiation of the pilot scale demonstration (2 months and 20 days) and (b) the prolongation of the 

duration of the bio-waste drying scheme (3 months and 20 days). The extension of the total 

duration of the demonstration action of the dryer (total duration of 8 months and 20 days instead 

of 5 months as foreseen in the proposal) was decided since the geographical scope of the study 

had been broaden by including 30 households (instead of 20) from Papagos and Cholargos 

former municipalities. 
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Table 18.Performance indicators of Action 5 

Performance Indicators Target number Achieved number 

Number of dryers utilized  
20 in the households + 1 in the 

laboratory 
Target Achieved 

Average period of operation of the dryer 

in each household 

Amended: 5 samples per household 

(≈10 weeks operation) 

Initial: > 5 months  

 

Achieved. Since it was decided by the project team to increase the number of households 

participating in the demonstration, this indicator was properly amended by setting a minimum 

amount of samples collected from each household which is considered adequate to properly 

assess the performance of the bio-waste drying scheme. Therefore, a minimum amount of 5 

samples was set to be collected from every participating household, which corresponds to a 

minimum 5 week operation period considering that the collection of the end product (dried bio-

waste) by the municipality’s cleaning service is taking place on a weekly basis.  

Number of participants in each training 

session 
50 

The 1
st
 training session was targeting municipal representatives and was held during the 

International Conference of the project. More than 50 representatives participated at the event.  

The 2
nd

 training session was targeting the households that participated in the demonstration 

action of the bio-waste drying scheme. Since only 20 people participated in the event (out of the 

50 targeted) it was decided to increase the number of people trained by applying a door to door 

training during the installation of the dryers at household level. 

Number of training sessions 2 2 (without including the door to door training) 

The energy requirements  
0.9 -1.0 kWh/ kg of water evaporated  

0.7-0.9 kWh/kg of bio-waste processed 

Both indicators that have been set in the initial proposal are considered to be very strict. The 

values achieved during the pilot scale implementation of the bio-waste drying scheme (i.e. 

under real conditions) are equal to 2.78 kWh/ kg of water evaporated and 1.88 kWh/kg of bio-

waste processed. Despite the deviations from the set indicators in terms of energy consumption, 

the bio-waste drying scheme is considered to be economically, environmentally and socially 

viable as has been reported in Deliverables 24/25 and 28/29. It must be emphasised that in the 

after-life communication plan it is foreseen that NTUA working team will conduct further 

research aiming to reduce the energy requirements of the system making the bio-waste drying 

scheme even more competitive and sustainable to conventional bio-waste management schemes. 
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Activity 5(a) which foresees the selection of the 20 households participating in the demonstration 

phase of the dryer was completed without delay. The 20 householders from Papagos Municipality 

had been selected prior to the initiation of the project as stated in Annex I of the approved proposal. 

However, due to the Greek structural reform of local administration (“Kallikratis” plan 2011) a 

joined municipality “Papagos-Cholargos” was formed by the former Papagos and Cholargos 

municipalities. Therefore, the project team decided to broaden the geographical scope of the project 

by including to the demonstration phase participants from the former Cholargos municipality. The 

selection of the participating households was performed on voluntary basis by providing the 

necessary publicity and awareness raising campaigns in the municipality. More specifically, the 

project team communicated with the 20 householders that had been initially selected (Annex I of the 

initial proposal), while appropriate announcements were erected at Papagos-Cholargos 

municipality’s City Hall targeting the citizens (Annex 7.3.20. Deliverable 17). Announcements were 

also placed at strategic areas of the municipality, which are easily accessible to the public i.e. civil 

services buildings. Additional announcements were made at the beneficiaries’ web-sites informing 

all visitors about the initiation of the pilot scale application of the bio-waste drying scheme and 

encouraging them to express their interest in participating. Apart from the announcements made, the 

launching event that took place on the 12
th

 of October 2011 disseminated the initiation of scheme 

through the local press (Annex 7.3.2.Deliverable 32 with FR).  

During the implementation of Action 5 more than 50 householders expressed their willingness to 

participate to the demonstration action. It must be stated that the selection of the participating 

households was a continuous process which lasted throughout the demonstration action. Taking the 

above into consideration, the management team decided to include in the demonstration action 30 

households instead of 20 in order to (a) disseminate the project objectives more effectively (b) to 

collect valuable data for the evaluation of the demonstration action and (c) to provide more concrete 

results. The EC monitoring team was informed about the decision made and encouraged the project 

team to continue towards this direction through the letter received on the 22
nd

 of May 2012. The 

selection procedure of the participating households was a dynamic process considering that 30 

households had to operate the dryer, while only 20 drying systems had been constructed for the pilot 

scale implementation of the bio-waste scheme. To this end, the participants selection was carried out 

throughout the demonstration action (between 01/04/2011 and 10/04/2012) while the operational 

period of the dryer varied between households aiming to achieve a minimum of five (5) samples per 

household (i.e. about 5 weeks operation period per household). More information on the participating 

households, the duration and period of the dryers operation and the distribution of the systems is 

given in Annex 7.6.7 of the FR.  

 

Activity 5(b) is involved with the procurement and installation of the prototype home drying system 

in the selected households presented in Activity 5(a). The proposal, as amended in the IR, states that 

the Completion of the installation of the prototype home drying system in the selected households 

should have been completed by 30/04/2011. However, delays occurred during the manufacture and 

delivery of the systems while further delay was inevitable due to quality control failure of some 

systems. More specifically, the manufacturing procedure of the dryers was typically initiated on the 

15
th

 of April 2011 (fifteen days after the optimization of the prototype system). However, in practice 

the construction process initiated on the 25
th

 of April, since Easter holidays (18/04/2011 to 

25/04/2011) was not a working period for the ceramic manufactures (the base of the dryer, which is 

the main component of the system, is made of ceramic material). Delays took place during the 

construction period since the main body of the waste dryers (ceramic part) was not delivered on time 

to the assembly team. The late delivery was due to the procedures required by the ceramic 

manufacturers to purchase the appropriate material and then to construct the dryer’s body. The 

ceramic material contains silicon in order to sustain elevated temperatures without breaking. 

According to the manufacturers, this material needs approximately 15 days to be constructed before 

it is dried in the oven (500
o
C). Therefore, the late delivery of the ceramic component consequently 
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resulted in the delay of the completion of the activity. Additional delays occurred due to the failure 

of some systems to pass the quality control that was performed by NTUA team. In total five (5) 

dryers were sent back to the manufacturers to perform various adjustments since several defective 

characteristics were pointed out during the quality control. The first five (5) approved units were 

installed between the 20
th

 July and the 8
th

 of August. The remaining waste dryers, 15 in total, were 

gradually installed from late August until the 4
th

 of September 2011. 

 

Activity 5(c) involved the training of those households that on a voluntary basis agreed to participate 

in the large scale demonstration of the dryer. The training activities aimed at ensuring that the 

participants will effectively operate and maintain the drying system. The scheduled training period as 

has been set in the approved proposal was between 10/4/2011 and 30/04/2011. However, the delay 

occurred in the construction and installation process of the 20 household bio-waste dryers (activity 

5b) resulted in the late initiation of the training activities. Therefore, the training seminar was 

organised on the 04/09/2011 instead of 10/04/2011 as described in activity 8(e) of the FR. Apart 

from the aforementioned training seminar, a door to door training was also performed by the working 

team to the participating households during the installation of the bio-waste dryers. The training was 

aiming to sufficiently inform the participants on the operation and maintenance of the system. 

Additionally, appropriately training material was distributed by the project team along with the 

operational manual of the dryer. The training course in each household lasted approximately 2 hours 

including also a small quiz in order to make sure that the participants have acknowledge the main 

operational features of the dryer and the basic safety measures. Instructions were also given to the 

participants on the procedure that should be followed in order to keep record and collect all the 

necessary information during the operation of the dryer. More specifically, the “DRYWASTE” team, 

required information such as: initial mass of wet substrate, energy consumption of the device, 

possible operational problems (odours, malfunctions, high energy consumption, other malfunctions). 

This information was very important for the project team in order to successfully complete the 

demonstration action and evaluate the system’s performance at the final stages of the project 

implementation (Action 6). 

 

Activity 5(d) involves the organization of the whole bio-waste drying scheme and the successful 

implementation of the demonstration action. As stated in the approved proposal and as amended in 

the IR, Activity 5(d) had a duration of 5 months (01/05/2011-30/09/2011). However, the delays 

occurred in Activity 5(b) postponed the initiation of the bio-waste drying scheme by 2 months and 20 

days, while the total duration of the activity was extended by 3 months and 20 days covering a total 

period of about 8.5 months (20/07/2011 – 10/04/2012). For the implementation of the pilot scale 

source separation and drying of bio-waste, the following equipment was distributed to each of the 30 

participating households: (i) an innovative household dryer for the drying process of food waste, (ii) 

an electricity meter in order to monitor the amount of  electric energy consumed during the operation 

of the drying system, (iii) a weighing scale for determining the quantity of food waste that is fed to 

the household dryer and (iv) bags for the temporary storage of the  dried organic product (Image 3).  

 

   
 

Image 3.Scale provided to civilians (left), energy meter (centre), dry waste collection bag (right) 
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For the effective implementation, monitoring and evaluation of the demonstration action, every 

household was separating, weighting and recording the produced food waste on a daily basis. Then 

the source segregated organic material was placed in the system’s food waste basket where the 

drying process was taking place. The dryer was set to initiate the drying process overnight for eight 

consecutive hours. The participants were following the same procedure until the substrate had been 

sufficiently dried. To make sure that the drying process had being effectively accomplished, the 

participants were performing visual observations in order to confirm that the mass and volume of the 

substrate had been reduced and that its texture resembled to that of dried fruits. The processed food 

waste was then discharged and temporarily stored in plastic bags (10L). The bags were collected 

usually on a weekly basis (rarely on fortnight basis) by the Municipality’s cleaning service upon 

communication with the participating households and then transported to the premises of the 

University (NTUA) to perform the necessary analysis. Every collection day the participants were 

recording the energy consumption of their household dryer by using the provided energy meter 

attached to the system. The demonstration of the food waste household dryer in the selected 

households lasted for 8 months. During this period the research working group had continuous and 

on-going communication with the householders participating in the pilot scale program (visits to the 

selected households on a fortnight basis, frequent phone communication) in order to overcome 

potential difficulties, malfunctions etc. 

The demonstration action was more than successful, since there was an increased willingness for 

participation while the results obtained from the waste dryer pilot performance were really 

encouraging. More information on the results of the demonstration action is provided in Annex 

7.2.4. Deliverable 24/25 submitted with FR. It must be stressed that Deliverable 24/25 also 

includes the reports of Activity 6(a) (i.e. report on the evaluation of the results of the demonstration 

action and written results from the participants interviews). The merge of the above mentioned 

reports into a single deliverable was considered appropriate in order to provide a standalone coherent 

documentation that embodies the implementation of the pilot scale phase of the bio-waste dryer 

along with its evaluation procedure. 

The overall delay on the implementation of this Action 5 was 6 months and 10 days. In order to 

compensate this delay and to effectively implement the remaining activities and actions on time, the 

management team decided to carry out the demonstration phase in parallel to Action 6 as shown in 

the Gantt chart in Annex 7.3.6. Therefore, the late initiation and the prolongation of the pilot scale 

implementation of the bio-waste drying scheme did not have any effect on the on-time completion of 

the remaining actions and activities, whereas no extension of project’s end date was required. It must 

be emphasised that the prolongation of the demonstration phase provided further valuable data for 

the evaluation of the bio-waste drying scheme and the assessment of the dryer’s performance. 

The waste drying units after the end of the demonstration action were transferred at the NTUA labs 

in order to perform further research and experiments on the operation of the dryer and the end use 

potentials of the dried organic biomass. These research activities are being conducted by MSc and 

BSc students under the supervision of PhD students, post-doc researchers and professor Loizidou at 

the NTUA.  
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Action 6: Evaluation of the results of the demonstration action / Suggestions for full-scale 
implementation of the household drying system / Overall evaluation of the household drying 
system’s environmental and economic performance/ LCA Analysis 
Status: Completed 

 

 Action 6 is divided to the following sub-activities:   

 

 Start & End Dates 

Initial (proposal) Amended in IR Actual 

Action 6: Evaluation of the results of the demonstration 

action / Suggestions for full-scale implementation of the 

household drying system / Overall evaluation of the 

household drying system’s environmental and economic 

performance/ LCA Analysis 

01/10/2011 

31/03/2012 

(6 months) 

01/10/2011 

31/03/2012 

(6 months) 

20/07/2011 

31/05/2012 

(≈10 months) 

Activity 6(a): Evaluation of the results of the 

demonstration action - Identification and analysis of the 

problems encountered during the demonstration action - 

Development of solutions in order to overcome the 

problems encountered 

01/10/2011 

31/03/2012 

(6 months) 

01/10/2011 

30/11/2011 

(2 months) 

20/07/2011 

30/04/2012 

(≈9 months) 

Activity 6(b): Suggestions for full-scale implementation of 

the prototype home drying systems. 

01/10/2011 

31/03/2012 

(6 months) 

30/11/2011 

31/12/2011 

(1 month) 

01/12/2011 

31/05/2012 

(6 months) 

Activity 6(c): Overall evaluation of the prototype home 

drying system’s economic feasibility, environmental and 

social benefits/LCA 

01/10/2011 

31/03/2012 

(6 months) 

01/01/2012 

31/03/2012 

(3 months) 

01/01/2012 

31/05/2012 

(5 months) 

 

All of the above mentioned activities have been completed. The timetable of Action 6 as has been set 

in the approved proposal, as has been amended in IR and as has been actually implemented can be 

seen in Annex 7.6.2 of the FR. 

 

The objectives of action 6 according to the approved proposal were the following: 

 

 Evaluation of the results of the demonstration action  

 Identification and analysis of the problems encountered during the demonstration action 

 Development of the solutions in order to overcome the problems encountered  

 Definition of especially designed instruments for the facilitation of the future implementation 

of the prototype household system in a full - scale 

 To provide certain suggestions for the implementation of this prototype, home drying system 

at full-scale  

 

All of the above mentioned objectives have been achieved during the implementation of action 6. 

The Deliverables, Milestones and Progress Indicators of Action 6 are shown in the following 

tables 
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Table 19.Deliverables of Action.6 

Action 

Activity 
Deliverables 

Completion dates 

Comments 
Initial 

Amended in 

IR* 
Actual 

6(a) 
Report on the evaluation of the results of the 

demonstration action 
31/03/2012 30/11/2011 30/04/2012 

The report on the evaluation of the results of the demonstration 

action (Activity 6a), the written results from the interviews 

(Activity 6a) and the report on the results of the demonstration 

(activity 5d) were merged in a single report Annex 

7.2.4.Deliverable 24/25 submitted with FR. The late 

implementation is associated with the delay on the initiation of the 

demonstration action and the prolongation of its duration  
6(a) Written results from the interviews 31/10/2011 31/10/2011 30/04/2012 

6(a) Monitoring questionnaires 05/10/2011 05/10/2011 
20/07/2011 

10/04/2012 

The monitoring questionnaire was developed prior to the initiation 

of the pilot scale application of the bio-waste dryer and it was 

being filled by the participants on a weekly basis through phone 

call communication. The survey questionnaire was performed 

throughout the demonstration action of the bio-waste drying 

scheme. The monitoring questionnaire is submitted as Annex 

7.2.5.Deliverable 26 with FR 

6(b) 

Report on suggestions for the full – scale 

implementation of the prototype household 

dryer 

31/03/2012 31/12/2011 31/05/2012 

The reports were merged into a single document i.e.  Annex 

7.2.7.Deliverable 28/29 submitted with FR 

6(c) 

Report on the overall evaluation of the prototype 

household drying system’s economic feasibility, 

environmental and social benefits 

31/03/2012 31/03/2012 31/05/2012 

6(c) Report on the system’s LCA analysis 31/03/2012 31/03/2012 31/05/2012 The report was submitted as Annex 7.2.6.Deliverable 27 with FR 
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Table 20.Milestones of Action.6 

Action/ 

Activity 
Milestones 

 Completion dates 

Comments 
Initial 

Amended in 

IR* 
Actual 

6(a) Interviews to participating households 15/10/2011 15/10/2011 
From 20/07/2011 

to 10/04/2012  

Achieved. The first interview was performed during the 

installation of the bio-waste dryer to each selected household. 

The second interview was performed when the dryer was 

uninstalled from each household. 

6(a) 
Completion of the evaluation of the results of 

the demonstration action 
30/09/2011 30/09/2011 30/04/2012 

Achieved. The late implementation is associated with the late 

initiation and prolongation of the pilot scale application of 

the bio-waste drying scheme 

6(b) 

Finalisation of suggestions for full-scale 

implementation of the prototype household 

drying system  

31/03/2012 31/03/2012 31/05/2012 

Achieved. The late implementation is associated with the late 

initiation and prolongation of the pilot scale application of 

the bio-waste drying scheme 

6(c) 

Completion of the overall evaluation of the 

system’s performance (economic feasibility, 

environmental and social benefits) and LCA 

analysis 

31/03/2012 31/03/2012 31/05/2012 

Achieved. The late implementation is associated with the late 

initiation and prolongation of the pilot scale application of 

the bio-waste drying scheme 

 
Table 21.Performance indicators of Action 6 

Performance Indicators Target number Achieved number 

Νumber of parameters related to economic, environmental and social aspects are taken into consideration in the 

final evaluation 
20 

>30 

Target achieved 

Number of system components in the final LCA analysis 10 
>10 

Target achieved 

Number of samples of dried end product collected from the 20 operating waste dryers installed at the 20 households 60 >100 collected 

Νumber of suggestions provided in order to move to full-scale implementation, 2 >5 
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Activity 6(a) was involved with (i) the evaluation of the results of the demonstration action (Action 

5), (ii) the identification and analysis of the problems encountered during the demonstration action 

(i.e. Action 5) and (iii) the development of solutions in order to overcome the problems encountered. 

As stated in the approved proposal and as amended in the IR, Activity 6(a) had a 2-month duration 

(01/10/2011 - 30/11/2011). However, due the delays occurred in Action 5 it was decided to run this 

activity in parallel to the demonstration action of the project. Therefore, this activity initiated in 

20/07/2011 (instead of 01/10/2011) and ended in 30/04/12 (duration ≈9 months). During this activity 

three reports were foreseen namely (i) the evaluation of the results of the demonstration action (ii) 

written results from interviews with the participating households and (iii) appropriate monitoring 

questionnaires filled by the participants for monitoring the performance of the bio-waste drying 

scheme. As state in activity 5(d), the report in Activity 5(d) and the above mentioned reports (except 

from the monitoring questionnaires) were merged into a single Deliverable (i.e. Annex 

7.2.4.Deliverable 24/25 with FR) in order to provide a standalone coherent documentation that 

embodies the main activities and the evaluation of the pilot scale implementation phase of the bio-

waste dryer. The next paragraphs are dedicated to present the main findings of this work while 

further information can be found in the associated Deliverable. 

 

(i) Report on the evaluation of the results of the demonstration action 

As has already been stated the pilot scale application of the bio-waste drying scheme was 

implemented in 30 households. However, some information was not retrieved from five of the 

aforementioned households due to inconsistency or insufficiency of the required data. The 8 month 

demonstration phase of the bio-waste dryer in selected households showed that the source separated 

material consisted mainly of vegetables, fruits, meat and cereals (kitchen waste). The quantity of wet 

bio-waste that was source separated and dried throughout the demonstration phase was 1001.34kg, 

while the total mass of the final dry product was 326.00kg. Therefore, the bio-waste dryer managed 

to reduce the total mass of the produced bio-waste by 675.34kg. The purity level of the dried material 

was 99.98% w/w, which is significantly higher than the conventional bio-waste source separation 

schemes applied in EU countries (i.e. Germany, Austria, Italy, Spain) recording purity levels 

between 80 to 95 % w/w depending on the scheme applied (i.e. kerbside or door to door scheme). 

The 8-month pilot scale application of the household dryer has shown that bio-waste mass is 

significantly reduced. More specifically, the mean organic waste mass reduction ranges from 58.31 

to 76.81% w/w  (weighted average 67.44 % w/w) indicating that the dryer contributed considerably 

to the total mass reduction of bio-waste due to moisture removal. Accordingly, the remaining 

moisture content of the dried organic material that was produced in each household throughout the 

duration of the demonstration period, was recorded between 11.50 - 44.86 % w/w (weighted average 

25.84 % w/w) indicating that the biological activity and thus the decomposition rate in the dried 

material has been effectively inhibited. 

The energy requirements for the operation of the dryer and the processing of source segregated bio-

waste has been recorded between 0.56-3.41 kWh/kg bio-waste (weighted average 1.87 kWh/kg bio-

waste), whereas the average weighted cost amounts to 1.17 € per month and household. Although the 

energy requirements for the drying of bio-waste was effectively reduced to 1.87 kWh/kg bio-waste, it 

is believed that further research on the improvement of the energy requirements of the system can be 

achieved in order to reduce its operational cost (i.e. cost of energy consumption) and enhance the 

overall competitiveness of the system over the conventional bio-waste management schemes. 

The dried material was mainly collected from the participating households on a fortnight basis using 

a small waste collection truck operated by the municipality waste collection service. Although the 

dried material could remain at the houses for longer period, it was decided to set the collection 

frequency on a fortnight basis in order to perform the necessary laboratory analyses.  

The physicochemical analysis of the final dry product has shown that it has the potential to be used 

as renewable energy source for the production of added value products such as thermal energy, 

biogas and ethanol. More specifically, the energy value of the dried biomass was determined by 
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measuring its calorific value. The gross calorific value of the dried organic material ranges from 

4,100 to 4,400 kcal/kg while the weighted average equals to 4,240 kcal/kg. Additionally, the 

biomethane potential (BMP) test conducted revealed that the capacity of the final dry product in 

terms of methane yield equals to 408.97 ± 5.37 m
3 

CH4/tn
 
TS. The biomethane production of dried 

bio-waste was found to be well above the average values of other waste organic substrates (i.e. food 

industry, livestock, agricultural). This indicates that the dried source separated bio-waste has the 

potential to be used as feedstock material in anaerobic digestion facilities. Finally, according to the 

carbohydrates analysis of the dried material the carbohydrate and cellulose content was recorded at 

23-24 % w/w and 17.2 % w/w respectively. The aforementioned values indicate that bio-waste drying 

at source leads to the preservation of the labile organic compounds (i.e. non-structural 

carbohydrates), which are essential in boosting the bioconversion of bio-waste to ethanol. 

Bio-waste drying at source significantly reduces the biodegradation rate of organic waste by 

effectively removing its moisture content. This limitation of the microbial activity in bio-waste 

allows for the effective preservation of the readily available organic fractions (e.g. sugar content) of 

the dried biomass. Therefore, it is apparent that the produced biomass has the potential to be used as 

substrate for the production of second generation ethanol, while drying at household level can be 

considered as a promising pretreatment option for enhancing bio-waste to ethanol bioconversion 

processes. Further information on the evaluation of the bio-waste drying pilot scale scheme is 

provided in Annex 7.2.4.Deliverable 24/25 (submitted with FR). 

 

(ii) Written results from interviews with the participating householders.  

Two interviews took place during the pilot scale demonstration action. The first interview was 

performed during the installation of the bio-waste dryer to each selected household while the second 

one took place when the dryers were being uninstalled. Annex 7.6.7 shows duration of the 

application of dryer and the dates at which the dryers were installed and uninstalled in each 

household. Therefore, the interviews were performed throughout the demonstration action of the bio-

waste dryer (20/07/2011 and 10/04/2012), while the initial proposal envisaged only a 1-day interview 

on the 15/10/2012.  

The aim of the interviews was to gain valuable feedback on the behavioral change of the 

participating households in terms of bio-waste management and on their opinion about the dryer’s 

performance. More specifically, the project team performed the first interview during the installation 

of the bio-waste dryers to the selected households in order to obtain information on waste 

management awareness level as well as information about the households (e.g. members of the 

households, type of residence, ages etc). At the end of the demonstration action, the project team 

interviewed the participants for a second time in order to obtain information on the operation of the 

waste dryer during the demonstration period. The results of the survey questionnaire were very 

positive and encouraging, showing that the participants were satisfied by the overall performance of 

the system (potential of integrating the dryer to the waste management plan of the municipality, 

easiness in use, handling of bio-waste, reduction of bio-waste mass and volume, nuisance during the 

operation, willingness to buy the system etc.). Additionally, the survey has shown that source 

separation and drying of bio-waste not only reduces the collection frequency of bio-waste but it also 

contributes to the limitation of rest waste collection thus contributing further to the sustainability of 

the proposed technology in terms of MSW management. Further information on the survey 

questionnaire is provided in Annex 7.2.4.Deliverable 24/25 (Annex 7.2.4 submitted with FR), while 

the relevant questionnaires are attached as Annex 1 and Annex 2 of the corresponding Deliverable. 

 

(iii) Monitoring questionnaires  

In order to be able to monitor the operation and performance of the bio-waste drying scheme applied 

in the selected households, an appropriate questionnaire was developed and filled by the participants 

on regular basis (i.e. weekly basis). The main points of the questionnaire were to pinpoint technical 

observations related to the qualitative performance of the dryer and to record valuable information 
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such as the mass of the input material (bio-waste), the operation time of the dryer and the energy 

consumption for processing bio-waste. The information was obtained through phone call 

communication while the relevant data was recorded and processed in excel sheets. It must be 

stressed that the monitoring questionnaire was being performed throughout the duration of the pilot 

scale demonstration phase (i.e. 20/7/2011 to 10/04/2012) despite the fact that the initial proposal 

foresees a single survey on the 05/10/2011. The survey has shown that minor technical issues had 

been observed by the participants in terms of the driers performance (e.g. noise nuisance). All issues 

that had arisen during the 8-month application of the dryer were effectively tackled by the project 

team through continuous support and on-going communication with the participants. The developed 

monitoring questionnaire is presented in Annex 7.2.5. Deliverable 26 submitted with FR, while the 

data obtained and the evaluation of the survey are presented in Annex 7.2.4. Deliverable 24/25 

(submitted with FR). 

It must be highlighted that Activity 6(a) initiated earlier than envisaged in the initial proposal (i.e. 

20/7/2011 instead of 01/10/2011). This was considered appropriate because the interviews and the 

monitoring questionnaires had to be performed in parallel to the demonstration action (i.e. Activity 

5d) in order to obtain the necessary data for the evaluation of the bio-waste drying scheme. It should 

also be stated that the prolongation of the implementation of Activity 5(d) shifted the end date of 

Activity 6(a) from 30/11/2011 (as amended in IR) to 30/04/2012. In order to couple with the delays 

occurred, Activities 6(b) and 6(c) run in parallel to Activity 6(a) as it is shown in the next sections  

 

Activity 6(b) foresees the development of suggestions for full-scale implementation of the household 

bio-waste dryer in order for the DRYWASTE project to have significant added value. Since this 

activity and its associated report (i.e. Report on suggestions for the full – scale implementation of the 

prototype household dryer) is very much related to the report on the overall evaluation of the 

prototype home drying system’s economic feasibility environmental and social benefits in Activity 

6(c), the management team has decided to merge the two reports into a single Deliverable (i.e. 

Annex 7.2.7.Deliverable 28/29 submitted with FR). As stated in the approved proposal and as 

amended in the IR, Activity 6(b) had 1-month duration (30/11/2011-31/12/2011). However, due the 

delays occurred in Action 5 it was decided to run this activity in parallel to Activity 5(d) and 6(a) in 

order to cope with the late implementation of the pilot scale application of the bio-waste drying 

scheme. Therefore, this activity initiated in 01/12/2011 and ended in 31/05/2012 (duration 6 months). 

This study aims to investigate the large scale investment viability for bio-waste drying using the 

system that was designed, constructed, tested and demonstrated at pilot scale in selected households 

in Papagos-Cholargos municipality. Therefore, in this work the financial, environmental and social 

impacts of the investment plan are being assessed considering different scenarios and sub-scenarios 

(i.e. use of dried end product, selling price of the end product, level of bio-waste source separation). 

The costs and benefits of these scenarios are evaluated against the existing situation in regard to bio-

waste management in Papagos-Cholargos municipality, whereas conclusions are drawn on whether 

and under which conditions the investment plan could be implemented.  

 

Current situation in regard to MSW management in Papagos-Cholargos municipality 

The municipality of Papagos-Cholargos with a population of  45,850 inhabitants produces 22,563.35 

tons of MSW annually, 19,606.16 tons (87% w/w) of which is being disposed in a landfill (Filis 

municipality landfill), while the rest is being recycled (packaging waste recycling). The cost related 

to the collection, transportation and landfilling of mixed MSW (i.e. rest MSW that are not being 

recycled) amounts to 185.98 € per ton of waste as shown in the following Table. 

 

 

 

 
Table 22.Current mixed MSW management cost in Papagos-Cholargos municipality 
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Costs Amount 

Operational Cost  

 Scientific personnel  

 Administrative personnel  

 Technicians 

 Waste vehicle operator & workers  

 Waste vehicles maintenance   

 Waste vehicles fuel consumption  

 Waste vehicles insurance 

75.55 €/tn 

Landfilling Cost 100.00 €/tn 

Capital cost for waste collection vehicles 

 12 vehicles for the collection & transportation of mixed MSW from the municipality to the Waste 

Transfer Station. 

 4 vehicles for transportation of mixed MSW from the Waste Transfer Station to the landfill 

10.43 €/tn 

Total Cost 185.98 €/tn 

 

Investment plan & selected scenarios/sub-scenarios  

The investment plan involves the setup of the bio-waste drying scheme in Papagos-Cholargos 

municipality (45,850 inhabitans or 13,100 households) in order to effectively source separate and dry 

the produced bio-waste (9,025 tn/yr). The duration of the investment plan is assumed to be 20 years 

(2013 to 2033) and it is implemented by the local authority (municipality) which is responsible: 

 

 To purchase and install the bio-waste dryers 

 To monitor the bio-waste drying scheme 

 To provide the necessary information and awareness level to householders (information about 

the bio-waste drying scheme, responsibilities of the participants, instructions on the operation 

of the dryer etc.) 

 To repair the dryers whenever deemed necessary and cover the related cost 

 To pay the operational cost of the dryers (i.e. energy consumption). It assumed that this can 

be achieved by subtracting the relevant amount by the municipal taxes.   

 To cover the capital, operational and maintenance costs associated with the waste collection 

vehicle (i.e. personnel, fuel, collection & transportation of dried material).  

 

The above mentioned investment plan considers two alternative scenarios based on the physical form 

of end product when sold to the market.  

 

 1
st
 scenario: The dried organic material is sold as collected from the householders without 

any further treatment.  

 2
nd

 scenario: The dried organic material is transformed and sold to the market as pellet. 

 

In both scenarios the relevant capital, operational and maintenance activities and costs have been 

identified and quantified and they are thoroughly described and analysed within this technical report.  

Based on the aforementioned two scenarios further sub-scenarios were developed considering (a) 

different selling prices of the end product between 70 to 300 €/tn and (b) different bio-waste source 

separation levels that is accomplished by the householders (levels assumed: 70, 85 and 100% of bio-

waste production). Based on the above, 21 sub-scenarios were developed and examined for each of 

the two basic scenarios. Therefore, this work presents the evaluation of 42 overall sub-scenarios 

against their viability as shown in the table included in Annex 7.6.10. of the FR. 
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Analysis 

A cost benefit analysis was performed in order to depict the large scale fiscal viability of the 

alternative scenarios that have been selected. The cost benefit analysis is based on the Discount Cash 

Flow (DCF) method which values each proposed scenario using the concept of the time value of 

money. The method looks at the impact of interest and assumes, for simplicity, that inflation is 

neutral. Therefore, in this study the Internal Rate of Return (IRR), the Net Present Value (NPV) and 

the Breaking Even Point (BEP) are evaluated for each selected sub-scenario considering future cash 

flows. To this end the analysis takes into account the cash flows for a time period of 20 years (i.e. 

2013 to 2033) which includes (a) the revenues from product sales and cost savings compared to the 

existing management scheme (i.e. cost reduction related to bio-waste landfilling and waste collection 

vehicles) and (b) the capital, operational and maintenance costs for each sub-scenario examined. The 

methodology applied in this study for the financial investigation of the viability of each scenario is 

given by the following stages: 

 
1.  Calculation of the annual revenues  

2.  Calculation of the annual operational costs.  

3.  Calculation of the annual operational surplus and net cash flows  

4.  Calculation of the annual Net Present Value (NPV) 

5.  Calculation of annual Internal Rate of Return (IRR) 

6.  Calculation of the Cost Benefit and Benefit Cost ratios 

 

Results 

The economic benefits by using the bio-waste drying scheme (income cash flows) are related to the 

annual revenues from product sales and the annual cost savings from reduced (a) landfill cost, (b) 

number of waste collection vehicles (c) fuel consumption, (d) maintenance cost and (d) personnel 

cost. The annual revenues from product sales differentiate according to the set selling price of the 

product (i.e. € per ton), whereas the annual cost savings depend on bio-waste source separation level 

(i.e. 70, 85 and 100%). More information on the annual revenues for each examined sub-scenario is 

shown in the table included in Annex 7.6.11 of the FR. The capital cost is fixed at 3,595,000.00 € 

for scenario 1 (and all its subs-scenarios) and 3,960,000.00 € for scenario 2 (and all its subs-

scenarios). The largest share accounts for the purchase of 13,100 dryers (one dryer of 250 € for each 

of the 13,100 households including VAT and installation cost). The higher capital cost in scenario 2 

is related to the development of the pellet facility. The majority of the O&M cost in both scenarios is 

associated with the total energy consumption of the dryers which is depended on the participation 

level to the bio-waste drying scheme (more dryers in operation leads to higher treated mass of bio-

waste and thus to higher total energy consumption). More information on the capital and O&M costs 

is given in the following Table.  
 

Table 23.Estimated investment costs in each scenario examined 

Cost Scenario 1 Scenario 2 

Capital Cost 3,595,000.00 € 3,960,000.00 € 

O&M Cost* 
 

70% bio-waste source separation 1,162,780.02 € 1,273,780.00 € 

85% bio-waste source separation 1,363,111.46 € 1,483,861.00 € 

100% bio-waste source separation 1,583,055.00 € 1,713,442.89 € 

*The difference of O&M costs between the two scenarios is mainly related to the energy consumption of the dryers 

which is assumed that it is covered by the investor (i.e. municipality) 
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The evaluation of the viability of the different scenarios was based on different financial indicators 

as set below.  

 Positive Net Present Value (NPV) 

 Internal Rate of Return (IRR) higher than 10%  

 Cost Benefit ratio less than 1 and Benefit Cost ratio higher than 1 

 Breaking Even Point higher than 50% 

 Positive net cash flows 

 Positive operational surplus 

 

The results of the study show that the investment plan is viable under the following conditions: 

 At bio-waste source separation level of 70%, the end product (dried bio-waste which does not 

undergo further process - Scenario 1) can be sold between 200-300 €/tn. Its minimum selling 

price, at which the investment is viable
2
, equals to 204.25 €/tn 

 At bio-waste source separation level of 85 % the end product (dried bio-waste which does not 

undergo further process - Scenario 1) can be sold between 150-300 €/tn. Its minimum selling 

price, at which the investment is viable, equals to 157.25 €/tn. 

 At bio-waste source separation level of 100% the end product (dried bio-waste which does 

not undergo further process - Scenario 1) can be sold between 150-300 €/tn. Its minimum 

selling price, at which the investment is viable, equals to 103.48 €/tn 

 At bio-waste source separation level of 70% the dried bio-waste which is transformed into 

pellet (Scenario 2) can be sold between 275-300 €/tn. The minimum selling price of the end 

product, at which the investment is viable, equals to 269.25 €/tn 

 At bio-waste source separation level of 85% the dried bio-waste which is transformed into 

pellet (Scenario 2) can be sold between 250-300 €/tn. The minimum selling price of the end 

product, at which the investment is viable, equals to 207.25 €/tn. 

 At bio-waste source separation level of 100% the dried bio-waste which is transformed into 

pellet (Scenario 2) can be sold between 150-300 €/tn. The minimum selling price of the end 

product, at which the investment is viable, equals to 154.48 €/tn. 

 

More information on the results of the study is given in Annex 7.2.7.Deliverable 28/29 submitted 

with FR.  

 

Activity 6(c) presents the overall evaluation of the prototype home drying system’s economic 

feasibility, environmental and social benefits and Life Cycle Analysis (LCA) of the system. As stated 

in the approved proposal and as amended in the IR, Activity 6(c) had 3-month duration (01/01/2012 

- 31/03/2012). However, due the delays occurred in Action 5 it was decided to run this activity in 

parallel to Activity 5(d), 6(a) and 6(b) in order to cope with the late implementation of the pilot scale 

application of the bio-waste drying scheme. Therefore, this activity initiated in 01/01/2012 and ended 

in 31/05/2012 (duration 5 months). During Activity 6(c) two reports were foreseen namely (i) report 

on the overall evaluation of the prototype home drying system’s economic feasibility, environmental 

and social benefits and (ii) Report on the Life Cycle Analysis (LCA) of the bio-waste drying system. 

More information on the envisaged reports is given below. 

 

(i) Report on the overall evaluation of the prototype home drying system’s economic feasibility, 

environmental and social benefits 

As stated above, this report was merged with Activity 6(b) report entitled “Suggestions for large 

scale implementation” thus forming a joint Deliverable i.e. Annex 7.2.7.Deliverable 28/29, which is 

                                                 
2
 The minimum selling prices are estimated by considering IRR equal to 8.5% at 20% reduction of  the operational 

surplus of the investment 
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submitted with FR. Therefore, information associated with the implementation of this report have 

been described and addressed in Activity 6(b). 

 

(ii) Report on the Life Cycle Analysis (LCA) of the system 

The Life Cycle Analysis (LCA) of the system was performed in order to assess the environmental 

impacts associated with all the stages of the dryer’s life from-cradle-to-grave (that is from raw 

material extraction through materials processing, manufacture, distribution, use, repair and 

maintenance, and disposal or recycling). The developed LCA provided the means to the project team 

to avoid a narrow outlook on environmental concerns by: 

 

 Compiling an inventory of relevant energy and material inputs and environmental releases; 

 Evaluating the potential impacts associated with identified inputs and releases; 

 Interpreting the results to help make a more informed decision. 

The life cycle assessment was conducted for the quantification and determination of the 

environmental impacts related to the application of an innovative household dryer for the 

dehydration of bio-waste at source. Τhe LCA study (Annex 7.2.6.Deliverable 27 with FR) has 

shown that the overall environmental impacts (i.e. ozon layer depletion, global warming, human 

toxicity, freshwater aquatic ecotoxicity, terrestrial ecotoxicity, marine aquatic ecotoxicity, 

photochemical oxidation, acidification, and eutrophication) associated with the construction and 

operation of the dryer, are positive. The performance of the drier in terms of each environmental 

impact is as follows: 

 Global Warming: Saves 152,080 kg of CO2 equivalent per ton of MSW 

 Human Toxicity: Saves 2,527 kg of p-DCB (1,4-2-ch-benzene) equivalent per ton of MSW 

 Freshwater Aquatic Ecotoxicity: Saves 0,3 kg of p-DCB equivalent per ton of MSW 

 Marine Aquatic Ecotoxicity: Produces 0,511 kg of p-DCB equivalent per ton of MSW 

 Terrestrial Ecotoxicity: Saves 10 gr of p-DCB equivalent per ton of MSW 

 Photochemical Oxidation: Saves 11 gr ethylene equivalent per ton of MSW 

 Acidification: Saves 14 gr of SO2 equivalent per ton of MSW 

 Eutrophication: Saves 10 gr of NOx equivalent per ton of MSW 

Therefore, it can be seen that the highest positive environmental impact from the construction and 

operation of the system is related to global warming by saving 152 kg of CO2 equivalent per ton of 

MSW. This is mainly due to the diversion of bio-waste from landfills and to lesser extent to other 

activities/stages (e.g. the reduction of bio-waste collection frequency and transportation). It is also 

worth mentioning that the only negative environmental impact is related to the Marine Aquatic 

Ecotoxicity which in turn it is associated with vanadium emissions from aluminium alloy production 

and barium, vanadium and barite emissions from diesel combustion during kerbside collection. 

However, Marine Aquatic Ecotoxicity appears to be a common result regarding waste collection. 

Additionally the normalization phase of the LCA study presented in the following diagram allows for 

a meaningful comparison between the different environmental impacts which are related to the 

construction and operation of the drier. It can be easily concluded that the global warming is by far 

the most positive impact whereas the Marine Aquatic Ecotoxicity is proven to be negligible.  

Further information on the results of the LCA analysis of the DRYWASTE system are presented in 

detail in Annex 7.2.6.Deliverable 27 submitted with FR.  
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Diagram 7: Normalization stage of the environmental impacts of the bio-waste dryer (LCA study) 

The late implementation of Action 5 shifted the proposed end dates (as amended in IR) of Activities 

6(a), 6(b) and 6(c). In order to couple with the delays occurred in Action 5, due to the late initiation 

and prolongation of its duration, it was decided to run Action 6 in parallel to Action 5 as shown in 

Annex 7.3.6. This resulted in the successful execution of Action 6 which ended with only 2 months 

deviation from the initial time schedule (i.e. 31/05/2012 instead of 31/03/2012). To overcome this 

delay, Action 7 run in parallel to Action 6 for two months and it was implemented as foreseen in the 

approved proposal (i.e. 01/04/2012 to 30/06/2012). Therefore, no extension of project’s end date was 

required. 

 

5.1.6. Action 7: Alternative uses of “final dry organic waste product” – Market opportunities in 

Greece  

Status: Completed 

 

 Action 7 is described by the following activity: 

 
 Start & End Dates 

Initial (proposal) Amended in IR Actual 

Action 7: Alternative uses of the final 

product / Market opportunities in Greece 

01/04/2012 

30/06/2012 

(3 months) 

01/04/2012 

30/06/2012 

(3 months) 

01/04/2012 

30/06/2012 

(3 months) 

Activity 7(a): Alternative uses of the final 

product / Market opportunities in Greece. 

01/04/2012 

30/06/2012 

(3 months) 

01/04/2012 

30/06/2012 

(3 months) 

01/04/2012 

30/06/2012 

(3 months) 

 

Action 7 has been completed successfully by the DRYWASTE working group. The timetable of 

Action 7 as has been set in the approved proposal, as has been amended in IR and as has been 

actually implemented can be seen in Annex 7.6.2. of the FR. The objective of action 7 according to 

the approved proposal is to investigate the alternative uses of the “final product” produced after the 

drying process from the prototype household dryer, as well as, the existing potential market 

 

The above mentioned objective has been achieved during the implementation of action 7. The 

Deliverables, Milestones and Performance Indicators regarding this action are presented in the 

following tables: 
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Table 24.Deliverables of Action.7 

Action/ 

Activity 
Deliverables 

 Completion dates 
Comments 

Initial 
Amended  

IR* 
Actual 

7(a) 
Report on the potential alternative uses of the “final organic waste product” derived from 

the home drying system 
30/06/2012 30/06/2012 30/06/2012 

Submitted as Annex 

7.2.8.Deliverable 30 with FR 

 

Table 25.Milestones of Action.7 

Action/ 

Activity 
Milestones 

 Completion dates 
Comments 

Initial 
Amended  

IR* 
Actual 

7(a) 
Completion of the assessment on the alternative uses of the “final dry organic waste 

product” derived from the home drying system (after the drying process) 
30/06/2012 30/06/2012 30/06/2012 Achieved 

 

Table 26.Performance indicators of Action 7 

Performance Indicators 
Target 

number 

Achieved number 

Number of different end-users (e.g. energy producers, cement factories) in Greece that are 

willing to use the end dried product as a fuel material 
4 

5 companies namely Chemitech S.A., Soukos Environmental S.A., 

Polyeco S.A., RTR S.A., Envireco S.A.,Sinar S.A., Mesogeios S.A. 

Number of organizations (stakeholders, end users) involved through discussions and 

meetings for using the end product 
20 

>20 Municipalities (e.g. Aspropyrgos, Papagos-Cholargos, Athens, 

Kifisia, Galatsi, Spata, Nestos, Nea Smirni, Saronikos, Volos, Naxos) 

Number of job positions expected to arise from end product further alternative use 10 >20 (based on Deliverable 28/29) 
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Activity 7(a) was involved with the investigation of the final product’s end uses and its market 

availability in Greece. This activity has been elaborated as has been initially scheduled without any 

delays. The relevant report (Annex 7.2.8.Deliverable 30 submitted with FR) contains information 

on the potential uses of the dry product based on the results of the laboratory analysis conducted 

throughout the initial operation of the bio-waste dryer (laboratory scale) and the demonstration phase 

in Papagos-Cholargos municipality. Additionally, the existing Greek markets that can potentially 

make use of the final product have been identified. The report also provides data on the existing EU 

markets of final dry product aiming to broaden the geographical scope of the study. It must be 

stressed that the market availability of the dried biomass in EU level was not envisaged in the 

approved proposal; however, the DRYWASTE working team considered that it would be more 

appropriate to incorporate and record the existing market opportunities of dried bio-waste (biomass) 

in EU. Finally, the report includes guidelines for potential funding sources for Greek municipalities 

which intend to use the proposed technology at larger scale are also presented within this report. 

More specifically, the final dry product as derived from the laboratory analyses conducted in 

numerous samples throughout the project implementation has the potential to be used for the 

production of compost, pellets (which may be further thermally treated for the production of thermal 

energy), biogas and ethanol (biofuel).  

The Specific Methane yield of certain substrates compared to the final dry product has already been 

presented in Diagram 13 of the FR, while the results of the carbohydrate analysis provided 

significant results as for the use of the dry product for ethanol production. The laboratory analyses 

revealed that the final dry product has the potential to be further treated for the production of 

compost and bioenergy. The use of the dry product is expected to create new markets in Greece and 

the EU since there is no official recording of domestic dried food waste being used for the 

production of compost or bioenergy (pellets, methane and ethanol).  

The market analysis that was conducted for Europe and Greece in the framework of Annex 

7.2.8.Deliverable 30 of FR, also revealed the following: 

The substrate derived from the drying process, is a biodegradable product which has been inactivated 

through the drying process. Therefore the product may be reactivated by increasing its moisture 

content (i.e. through water addition or mixing with organic substrate with higher moisture content). 

There are already numerous centralized and decentralized composting facilities in EU and Greece 

which may absorb the dry product produced. However, the absence of compost standards and quality 

assurance schemes in Greece constitute a drawback for the exploitation and marketing of high 

quality produced compost. Finally, the fact that Greece faces a severe economic crisis during this 

period also constitutes a difficulty concerning the lack of investments in this sector. However, EU 

policy measures and national legislation demands the reduction of bio-waste that end up in landfills. 

To this end, it is expected that DRYWASTE technology and the bio-waste drying at source can 

contribute towards this direction despite the aforementioned problems. 

Another potential application of the dried bio-waste is its use as Mixed Biomass Pellet (MBP). With 

the exhaustion of biomass residues for wood pellets production the production of MBP is of 

increasing interest for project developers and biomass producers. However, the commercial 

development of MBP is at initial stages at EU level since currently neither national nor EU quality 

standards exist. This discourages the production, exploitation and export of such a product at large 

scale. Only France has developed its own standards but the export to other countries remains difficult 

since there aren’t any standards in other EU countries. Moreover, the already existing commercial 

pellet boilers are designed for the use of wood biomass and not MBP. This also constitutes a 

difficulty for the direct use of such a product in the near future. Greece, which is a country facing a 

severe economic crisis, may benefit from the production of such a material since the exploitation of 

it, is expected to create a new market and enhancing the national economy. 

The organic material has also the potential to be used as feedstock in Anaerobic Digestion (AD) 

facilities for the production of biogas, composed primarily of methane and carbon dioxide. AD is 

considered a mature technology and its industry is developing rapidly in many EU member states. 
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Therefore, member states such as Sweden, France, Switcherland, Netherlands and Germany have 

developed their own AD standards in order to monitor the quality of biogas produced from different 

organic substrates. In Greece the AD hasn’t been applied yet mainly because there aren’t any source 

separation schemes in place for bio-waste. In addition, the severe economic crisis and the fact that 

there are still many disorders in Greek economy, discourages such investments. The fact though that 

Greece seeks new opportunities and investments to escape the negative consequences of the 

economic crisis definitely provides a chance to the final dry product in order to be used for the 

production of biogas.  

With respect to ethanol production, on the 17
th

 of October 2012, the Commission published a 

proposal to limit global land conversion for biofuel production, and raise the climate benefits of 

biofuels used in the EU. The use of food-based biofuels to meet the 10% renewable energy target of 

the Renewable Energy Directive will be limited to 5%. This is to stimulate the development of 

alternative, so-called second generation biofuels from non-food feedstock, like waste or straw, which 

emit substantially less greenhouse gases than fossil fuels and do not directly interfere with global 

food production.For the first time, the estimated global land conversion impacts – Indirect Land Use 

Change (ILUC) – will be considered when assessing the greenhouse gas performance of biofuels. 

The Commission therefore proposed to amend the current legislation on biofuels through the 

Renewable Energy and the Fuel Quality Directives and in particular: 

 To increase the minimum greenhouse gas saving threshold for new installations to 60% in order to 

improve the efficiency of biofuel production processes as well as discouraging further 

investments in installations with low greenhouse gas performance. 

 To include indirect land use change (ILUC) factors in the reporting by fuel suppliers and Member 

States of greenhouse gas savings of biofuels and bioliquids;  

 To limit the amount of food crop-based biofuels and bioliquids that can be counted towards the 

EU's 10% target for renewable energy in the transport sector by 2020, to the current consumption 

level, 5% up to 2020, while keeping the overall renewable energy and carbon intensity reduction 

targets; 

 To provide market incentives for biofuels with no or low indirect land use change emissions, and 

in particular the 2
nd

 and 3
rd

 generation biofuels produced from feedstock that do not create an 

additional demand for land, including algae, straw, and various types of waste, as they will 

contribute more towards the 10% renewable energy in transport target of the Renewable Energy 

Directive. 

With these new measures, the Commission wants to promote biofuels that help achieving substantial 

emission cuts, do not directly compete with food and are more sustainable at the same time. While 

the current proposal does not affect the possibility for Member States to provide financial incentives 

for biofuels, the Commission considers that in the period after 2020 biofuels should only receive 

financial support if they lead to substantial greenhouse gas savings and are not produced from crops 

used for food and feed. Considering the above it can be inferred that the dried bio-waste has 

significant value added for bioethanol conversion since it is a renewable energy source, it does not 

compete with food resources and it acquires beneficial physicochemical characteristics for the 

production of bioethanol.  

More information about the potential alternative uses of the “final organic waste product” and its 

market opportunities are given in Annex 7.2.8.Deliverable 30 submitted with FR. 
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5.2. Dissemination actions 

5.2.1. Objectives 

 

The objectives of Action 8 according to the revised proposal were the following: 

 

 Inform and train the householders on the prototype home drying system developed for the drying 

of organic waste  

 Inform other interested parties (e.g. other Greek municipalities, central authorities, European 

municipalities, etc.) on the project development and outcome 

 Raise awareness of relevant authorities and the public with respect to waste management 

methods and treatment technologies  

 Demonstration of the operation of the prototype household dryer to relevant authorities and target 

groups  

 Inform the International Community of the project’s progress and findings  

 Disseminate the project’s demonstration activity to other areas  

 Develop relevant website, train the operators to operate and maintain the system, organize the 

International Conference in Athens, develop and distribute informative material, perform 

publications    

 

5.2.2.  Dissemination: overview per activity 

The deliverables, milestones and performance indicators tables of the dissemination activities 

(Action 8) can be seen in Annex 7.6.9. of the FR: 

 

Activity 8(α): Launching Event  

 

Status: Completed 

The objective of activity 8(a) according to the approved proposal was the following: 

 Promote awareness and knowledge of the developed prototype household drying system 

and of the advantages of its use 
 

In the approved proposal the launching event was scheduled at the same day as the kick off meeting 

(15/01/2010). However, the launching event was actually carried out on 12/10/2011. The deviation 

from the initially planned date was due to the Greek structural reform of local administration 

(“Kallikratis” plan 2011), which changed the administrative structure of Attica region by 

consolidating many Municipalities. Therefore, the Hellenic Administrative Reform Law (Law 

3852/2010) in early 2011 merged Papagos Municipality (PAPAGOS - the associated beneficiary of 

the project) with Cholargos Municipality in a new joint Municipality named Papagos-Cholargos 

Municipality. Considering the above, the project management team and steering committee decided 

that the launching event had to take place in autumn 2011 in order to give the newly formed joint 

municipality (and project partner) the necessary time to organise the event effectively.  

The Launching event of the DRYWASTE project was held in Athens, in the former Papagos 

Municipality cultural centre on the 12
th

 of October 2011. This event was organised by PAPAGOS 

and NTUA. The local authorities, stakeholders and public were notified through announcements that 

were erected in the Papagos-Cholargos Municipality city hall and in the local press through the 

World Wide Web. This event was disseminated through three (3) local newspapers. It must be stated 

that the launching event (which took place during the implementation of the demonstration action) 
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gave significant boost to the project since there were many applications to PAPAGOS from civilians 

that were willing to operate the waste dryer. The fact that the applications received were more than 

50, made the management team to decide to install the waste dryer to more than 20 households as 

described in section 5.1.5 (activity (5d)) of this report. 

The following Deliverables have been prepared and submitted in the framework of activity 8(a):  

 Annex 7.3.1.Deliverable 31: Minutes of the launching event in Athens 

 Annex 7.3.2.Deliverable 32: (1) One announcement to the local press through the World 

Wide Web 

 

Activity 8(b): Development and updating of the project’s interactive website (DRYWASTE) 

 

Status: Completed 

 

The objective of activity 8(b) according to the approved proposal was the following: 

 Promote awareness and knowledge of the developed prototype household drying system and 

of the advantages of its use 

 

According to the approved proposal, the interactive website would include the following: (i) general 

information on the project, (ii) project deliverables, (iii) events (meetings, demonstration events, 

training sessions etc.), (iv) useful links, (v) partner information (vi) interactive communication with 

users. The development and update of the web-site was responsibility of the NTUA.  

The interactive project website was launched early March 2010 ((2) two and a half months after the 

beginning of the project) and was being updated at least three (3) times every month. The project 

website includes the following: (i) general information on the project (objectives, actions, expected 

results), (ii) all of the project deliverables (or abstracts of deliverables), (iii) events (meetings, 

demonstration events, training sessions etc.), (iv) useful links, (v) partners information (vi) media 

section, photos section, etc. (vii) description of the prototype household organic waste system and 

(vii) update of the waste drying technology for future years. It must be stressed that the web-site is in 

EN and GR and more than 60 web-sites sited the project web-site. More than 19,000 people have 

visited the web-site so far. The project web-site is mentioned among others to more than 60 different 

news web-sites, through articles and announcements that these websites published. The web-sites can 

be found on the project web-site in the media sector (media). More specifically the project web-site 

is referred to a list of news web-sites which is submitted as Annex 7.3.24 Deliverable 43 of the FR. 

Some of the links recorded in the list of media, are inactive. Links leading to Pdf showing the 

relevant articles can also be found on the media page of the project web-site:  

It has also been disseminated through the produced DVD film (where there is a clear reference on the 

web-site) that has been published in a number of web-sites also recorded in Annex 7.3.24 

Deliverable 43 of the FR. 

It must be stated that no problem was encountered concerning the updating of the project’s website 

throughout the project implementation. 

 

The following Deliverable has been prepared in the framework of activity 8(b):  

 Annex 7.3.3.Deliverable 33: Fully updated project and conference website 

 

Activity 8(c): Organization of International Conference 

 

Status: Completed 

 

http://www.uest.gr/drywaste/
http://www.uest.gr/drywaste/site/media.htm
http://www.uest.gr/drywaste/site/media.htm


Final report LIFE+ 

DRYWASTE (LIFE08 ENV/GR/000566) Page 67 

The objective of activity 8(c) according to the approved proposal was the following: 

 Promote awareness and knowledge of the developed prototype household drying system and 

of the advantages of its use 

According to the approved proposal, an International Conference was planned to take place in 

Athens (Greece) during the last month of the project so that the project’s findings can be 

disseminated to various stakeholders and target groups. Indeed the Conference was held in the 

Papagos-Cholargos Municipality City hall on the 28
th

 and 29
th

 of June 2012 entitled “ATHENS2012 

INTERNATIONAL CONFERENCE on Sustainable Solid Waste management”. The organization of 

the Conference started 4 months before the beginning of it. The Conference was advertised through 

the project’s website by developing a special Conference tab while the event was also constituted 

one of the many Life 20 years events that were organised at national level.  

Additionally appropriate informative material was developed during the conference. More 

specifically, Conference Flyer, Conference program Conference pencils Conference lap-top bags, 

Conference posters, Conference Proceedings CD 

Emails with the conference brochure and its program were sent to numerous stakeholders and 

targeted groups. More than 70 universities, authorities and organizations have received the 

conference’s call for abstracts. Additionally, the local community was informed about the event 

through announcements at the local press. Extensive publicity to the conference was also provided 

via national and international web-sites. Indicative list of websites that have published the 

announcement of the conference are recorded in Annex 7.3.24 Deliverable 43 of the FR. 

 

These articles are also available in the media section of the DRYWASTE website. The Conference 

and was also published in the LIFE20 website. 

 

The topics Athens 2012 Conference included were the following: 

 

 EU policies and strategies for solid waste management 

 Solid waste prevention techniques 

 Source separation schemes for solid waste 

 Household solid waste treatment technologies 

 Socio-economic issues related to solid waste management 

 Organic waste biological treatment techniques 

 Household solid waste collection techniques 

 Recycling 

 Characterization of waste residues 

 Energy from Waste (biomass, oil sludge, gasification processes, syngas, etc.) 

 Decision support tools in the waste management field 

 

A call for papers was published through the conference website and was also included in the 

conference flyer. According to the list of participants that was created before the beginning of the 

Conference, more than 100 participants were expected to participate to this event. However, due to 

extended publicity more than 250 participants attended and registered to the event. Important people 

from national and international authorities and universities, which are related to waste management, 

participated to this event. Among those people were: 

 

Yiannis Sgouros, (Attica Governor, President of EDSNA) 

Julio Garcia Burgues, (Head of Unit, DG Environment, European Commission) 

Prof. Maria Loizidou, (National Technical University of Athens) 

Prof. Stephen Smith, (Imperial College) 

Prof. Marta Schuhmacher, (Rovira i Virgili University) 

http://uest.ntua.gr/athens2012/
http://uest.ntua.gr/athens2012/
http://www.uest.gr/drywaste/site/media.htm
http://life20.eu/?view=1&date=2012-06-28
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Prof. Katia Lasaridi, (Hellenic Recycling Agency) 

Dr. Evangelos Kapetanios, (Solid Waste Association of the Attica Region), etc. 

Members of the LIFE+ monitoring team of Greek projects have also participated to the conference. 

In total more than 70 full papers were submitted by various universities and institutions located in 13 

different countries (Greece, Cyprus, Bulgaria, Italy, United Kingdom, Japan, Australia, Serbia, 

Spain, Azerbaijan, Iran, Turkey, Morocco, United States). The conference was also broadcasted in 

three national TV stations: NET-ERT, July 01 2012, 15:00, SKAI, ECO News, June 28 2012, 21:45, 

Ant1 News, 28 June 2012, 20:00 

 

Additionally more than 25 (local, national and international) articles refer to the implementation of 

the International conference. The list of these articles can be found on the media page of the 

DRYWASTE website. Articles published after the end of the ΑΤΗENS 2012 International 

Conference are recorded in Annex 7.3.24 Deliverable 43 of the FR 

 

During the first day of the conference a special training seminar (workshop) was organised focusing 

on sustainable waste management targeting mainly Greek local authorities and Municipalities. There 

was also English translation for participants coming from foreign countries to have a chance to 

participate to the workshop. Important part of this seminar was the waste drying technology. The 

stakeholders, the national and international authorities had the chance to get to know about the waste 

drying technology and the way it works. The waste dryer had been placed outside the amphitheatre 

and anyone (including Municipality representatives and stakeholders) were able to test its operation 

and its functions. Representatives from 12 Greek Municipalities attended this seminar while 

representatives from 13 different countries had the chance to learn about the system that has been 

developed for the effective management of bio-waste at household level. 

Three (3) publications describing the DRYWASTE project findings and goals were presented during 

the conference and they are included in the conference proceedings while two more presentations 

were given in other conferences
3
. The leaflets and brochures describing the project objectives, targets 

and findings were also available at the conference area.  

The impact of the conference was significantly positive since the targets set by the project team in 

the approved proposal have been successfully achieved. More specifically: 

 

The following Deliverables have been prepared and submitted in the framework of activity 8(c):  

 

 Annex 7.3.4.Deliverable 34: Conference proceedings /including participants list  

 Annex 7.3.5.Deliverable 35: Conference flyer (in Greek and English language)  

 Annex 7.3.6.Deliverable 36: Conference program 

 Annex 7.3.7.Deliverable 37: Conference Photographs 

 Annex 7.3.3.Deliverable 33: Fully updated project and conference website 

 Annex 7.3.21.Deliverable 17c, Annex 7.3.22. Deliverable 17d and Annex 7.3.6. 

Deliverable 36: Five (5) Presentations to international conferences (submitted with FR) 

 

Activity 8(d): Development and distribution of Informative Material & Publications             
 

Status: Completed 

                                                 
3
 ■ (3) three articles were presented in the ATHENS2012 International Conference of the DRYWASTE project (Annex 

7.3.6 Deliverable 36 with FR) ■ (1) article was presented in the Venice2012 4
th

 International Symposium On Energy 

From Biomass And Waste in 12-15 November 2012 San Servolo, Venice, Italy (Annex 7.3.21. Deliverable 17c with 

FR) ■ (1) one article was presented in the EEDSA 4
th

 International conference on Solid Waste Management (Annex 

7.3.22.Deliverable 17d with FR) in 30 November to 1 December 2012 National Technical University of Athens, Athens, 

Greece 

http://www.youtube.com/watch?v=OxtWJKI46tQ&feature=youtu.be
http://www.myxolargos.gr/nea-epi-topou/eco/4187-to-synedrio-gia-ti-diaxeirisi-stereon-apovliton-sto-eco-news
http://www.youtube.com/watch?v=U0Qt14fWa7Q
http://www.uest.gr/drywaste/site/media.htm
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The objective of activity 8(d) according to the approved proposal was the following: 

 Promote awareness and knowledge of the developed prototype household drying system and 

of the advantages of its use 

 

According to the approved proposal, four (4) sets of newsletters, three (3) sets of leaflets and one (1) 

five minute DVD film should have been developed and produced throughout the project 

implementation. Also the project should have been disseminated in (5) internet articles, (5) press 

articles, (5) specialized press articles and (2) general public articles in local press during the 

implementation of it. Four (4) notice boards describing the project’s objectives and targets should 

have been placed in Papagos-Cholargos Municipality and the NTUA. Finally two (2) posters of the 

project should have been produced throughout the project implementation.   

The project team prepared (4) sets of newsletters (as foreseen in the approved proposal) that are 

available on the media page of the project web-site. The newsletters were distributed to more than 

800 people, throughout the project implementation (electronically and hardcopy). The newsletters 

were placed alongside the notice boards which were erected at strategic and easily accessible public 

areas at Papagos-Cholargos municipality and NTUA. Three (3) sets of leaflets were also produced 

(they are also available on the Progress-Results web-page) and were distributed to more than 1500 

people throughout the project. One (1) 8-minute DVD film (3 minutes more than the film foreseen in 

the approved proposal) was produced describing the project objectives and findings. The DVD film 

was produced in two languages (Greek and English) and was distributed through the local press, the 

project web-site, YouTube, National TV stations (SKAI Channel), the partners web-sites, the 

international conference organised by PAPAGOS and the NTUA, etc.  

One more 1,5 minute promotional film (during the implementation of the demonstration action) was 

also created by the DRYWASTE team and was distributed through the same (as the DVD film) 

media and web-sites.  

Four (4) notice boards were created and placed in four different spots. One (1) notice board was 

erected at the former Papagos Municipality city hall, while two (2) boards were placed at Papagos-

Cholargos Municipality city hall and one (1) at the NTUA facilities. Three (3) of the four (4) notice 

boards have been seen and photographed by the monitoring team during the project monitoring visit 

that took place on the 9
th

 of December 2011. 

Three (3) posters were created throughout the project implementation. In the approved proposal, 2 

posters were foreseen to be created. The posters were developed for the following events: (a). the 

training seminar which was carried out for the public at Papagos-Cholargos Municipality, (b) the 

launching event,(c) the International Conference on Sustainable Solid Waste Management 

(ATHENS 2012) which took place during the last month of the project. Posters were also placed at 

the Papagos-Cholargos Municipality city hall, the NTUA facilities and the Environmental 

department of Papagos-Cholargos Municipality.  

Finally, throughout the project implementation more than 80 press articles have been published and 

are related to the project’s objectives and findings (six times more than those foreseen in the 

approved proposal). This is considered to be a great success of the DRYWASTE team since there are 

4 TV coverages, 2 International articles, and more than 75 articles referring to the waste drying 

technology throughout the Internet. All the articles are available on the media section of the project 

web-site and they are also attached as Annex 7.3.23. Deliverable 43 with FR. 

The impact of the project is considered to be very high to the national community and the interest for 

the project findings continues to be rather high even after the project end. 

 

The following Deliverables have been prepared and submitted in the framework of activity 8(c):  

 Αnnex 7.3.8. Deliverable 18: 1
st
 Newsletter 

 Αnnex 7.3.9. Deliverable 20: 2
nd

 Newsletter 

http://www.uest.gr/drywaste/site/media.htm
http://www.uest.gr/drywaste/site/progress.htm
http://www.uest.gr/drywaste/site/media.htm
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 Αnnex 7.3.10. Deliverable 38: 3
rd

 Newsletter  

 Αnnex 7.3.11. Deliverable 39: 4
th

 Newsletter 

 Αnnex 7.3.12. Deliverable 16: Leaflet 1. 

 Αnnex 7.3.13. Deliverable 40: Leaflet 2.   

 Αnnex 7.3.14. Deliverable 42: Leaflet 3. 

 Αnnex 7.3.15. Deliverable 15: Poster 1. 

 Αnnex 7.3.16. Deliverable 19: Poster 2. 

 Αnnex 7.3.17. Deliverable 50: Poster 3. 

 Αnnex 7.3.18. Deliverable 51: Notice Board 

 Αnnex 7.3.19. Deliverable 41: One 8-minute DVD film (in English and in Greek language) 

on the operation of the waste dryer– One (1) small promotional video (in English and in 

Greek language)  

 Annex 7.3.20. Deliverable 17b: 5 press releases, 5 internet articles, 5 specialized press 

articles, 2 general public articles in local press 

 Annex 7.3.21. Deliverable 17c: One publication to the VENICE 2012 Fourth International 

Symposium on Energy from Biomass and Waste 

 Annex 7.3.22. Deliverable 17d: One publication to the EEDSA 4th International conference 

 Αnnex 7.3.23. Deliverable 43: Media List 

 Annex 7.3.24. Deliverable 44: Minutes of the 1st training seminar (including participants 

list)  

 

Activity 8(e): Training sessions and (1)-day event  

 

Status: Completed 

 

The objective of activity 8(e) according to the approved proposal was the following: 

 Promote awareness and knowledge of the developed prototype household drying system and 

of the advantages of its use.  

 

In this activity two training sessions were performed. According to the approved proposal, the 

NTUA was responsible for the organization of the 1
st
 training seminar targeting relevant stakeholders 

and municipal representatives, while PAPAGOS was responsible for the organization of the 2
nd

 

training seminar targeting the public. Appropriate training material, was developed based on the 

needs of each target group.  

 

The 2
nd

 training seminar was scheduled for the 10/04/2011 according to the approved proposal 

however it was actually took place on the 04/09/2012. The event did not take place on time due to 

the late initiation of the demonstration action due to the delays occurred to the construction of the 

bio-waste dryers. Twenty (20) people attended the seminars and they were mainly citizens of the 

Papagos-Cholargos Municipality. During this seminar the civilians had the chance to get familiar 

with the operation of the bio-waste dryer through presentations given by NTUA and PAPAGOS 

representatives and through live demonstration of the system’s operation. 

 

The 1
st
 training seminar was targeting representatives of Municipalities and relevant stakeholders. 

The event was carried out during the DRYWASTE International Conference entitled «ATHENS 

2012» that was held on the 28
th

 -29
th

 of June 2012. The reason for this decision was the fact that the 

conference was expected to have many participants from Municipalities and relevant stakeholders 

and thus the training seminar would have greater success in terms of attendance. Indeed the event 

was very successful, since the seminar was arranged to take place during the first day of the 
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conference (in Greek) in the form of a workshop. There were also interpreters for representatives of 

different countries that were translating the presentations in English in order for everyone to have the 

chance to understand and participate to the event.  Therefore, a whole session of the International 

Conference was dedicated on the sustainable MSW aiming to inform the participating municipal 

representatives on issues associated with the effective management of MSW. Distinguished 

professors and representatives from various Greek MSW agencies (a) gave insight on the promotion 

of sustainable MSW, (b) highlighted the need for initiatives by municipalities to promote 

decentralized management and source separation of recyclables and organic waste and (c) promoted 

the adaptation of new technologies and the reduction of waste at source. A fruitful discussion took 

place between the experts and the municipal representatives whereas special focus was given on bio-

waste management techniques. The attendants had also the chance to get familiar with the 

technology that was developed within the DRYWASTE project framework. The bio-waste drying 

system was presented as an alternative source separation technique for bio-waste while outside the 

conference hall, everyone had the chance to get familiar with the dryer since an operational unit was 

being demonstrated. Samples of the final dry product were also illustrated in order for everyone to be 

able to watch the effects and the results of the DRYWASTE technology in regard to bio-waste 

drying.  

 

Apart from the above mentioned training sessions, a (1)-day event was set to take place until 

30/09/2011 according to the approved proposal. However, this event was decided to be cancelled, as 

suggested by EU monitoring team (EC letter 17
th

 June 2011), due to the late organization of the 

launching event.  

 

 
 

Image 4.A member of the DRYWASTE team presenting the operation of the waste dryer outside the conference hall(left), 

Prof. Stephen Smith (Imperial College) talking to the media outside the training seminar (workshop) hall(middle), Photo 

of the training seminar (workshop) that took place during the ATHENS 2012 International Conference(right) 

 

5.2.3. Layman's report  

The Layman’s report has been prepared and submitted with this report as Annex 7.3.27.Deliverable 

45:  of Annex 7.3 of this report. There are two versions of the Layman’s report (one in Greek and 

one in English) 

 

5.3. Evaluation of project implementation 

The technical development of the project was materialized through the implementation of seven 

technical Actions (Actions 1 to 7), one Action on disseminating and communicating the project (e.g. 

results, findings, events) (Action 8) and one Action on project management and coordination (Action 

9). Each Action is accompanied with individual activities. The seven technical tasks along with the 

corresponding activities were carried out successfully and in accordance to the approved proposal in 

qualitative and quantitative terms as has been presented in sections 5.1.1 to 5.1.7. All the individual 
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targets that were set per action and activity were achieved, whereas the outcomes and the 

deliverables that were foreseen in the proposal were obtained in a satisfactory way.  

It must be stated that deviations from the initially approved time schedule had been noticed in 

Actions 5 and 6. This deviation was the only major problem that arose during the implementation of 

the project. More specifically, approximately 6-month delay occurred during Action 5, which was 

associated with the manufacture and delivery procedure of the bio-waste drying units (20 units in 

total) (Action 5). This delay resulted in shifting the duration of the activities in Actions 5 and 6. 

However, the managerial team managed to effectively compensate the loss of time without effecting 

the end date of the project and the quality of the developed deliverables. The above mentioned issue 

indicates that an experience management team is required to effectively address and tackle potential 

problems that may come up during the implementation of an EU LIFE+ funded project.  

Additionally, it is evident that a buffer period should have been envisaged during the procurement 

phase of the project in order to efficiently overcome potential constrains and delays associated with 

the construction of the prototype system. This buffer period along with an experienced managerial 

team can guarantee that any difficulties will be timely and effectively resolved in order for the 

project to be smoothly implemented. Overall the methodology applied during the implementation of 

the project, is considered to be successful. All the main targets and objectives set in the approved 

proposal have been achieved despite the late implementation of some activities, which did not affect 

the main targets set in the approved proposal.  

The objectives of the DRYWASTE project have been achieved. More specifically, the main 

objectives of the project are listed and evaluated according to the approved proposal as shown in 

Annex 7.6.8 of the FR. Overall, the objectives of the project have been accomplished successfully 

with several deviations from the initial time schedule. Despite the delays occurred the managerial 

team of the project (i.e. management committee, coordination group, action leaders and steering 

committee) managed to implement the objectives foreseen without extending the end date of the 

project. 

In Action 8 the activities concerning the dissemination and communication of the project were 

carried throughout the duration of the project. The level of participation as well as the response level 

of all the actors involved was high and their interest was increasing as the project was developing. 

The foreseen dissemination activities (i.e. Action 8) have all been completed successfully besides the 

1-day event. This event was decided to be cancelled as shown in project team reply on the 

29.07.2011 to the EC letter on the 17
th

 June 2011 (comment 9). The main reason for the cancellation 

of the event was the late implementation of the project’s Launching Event. Information on the 

dissemination activities of DRYWASTE project along with their indicators of progress are presented 

in Annex 7.6.6 which presents the effectiveness of the dissemination and communication activities. 

Overall the dissemination and communication of the project to stakeholders and target groups is 

considered very satisfactory. From the mentioned indicators it is clear that the vast majority of the 

dissemination activities were effectively implemented while the achieved numbers in most indicators 

are well beyond the set targets. The implemented dissemination activities had an increased impact on 

the diffusion of DRYWASTE technology and its findings. Many municipal representatives, 

competent authorities and target groups (i.e. general public, undergraduate and postgraduate 

students, academics, NGOs, environmental associations and organizations) have been informed 

about the bio-waste drying system and the DRYWASTE project along with its potential benefits 

from its use. Additionally, the successful implementation of the International conference, held in 

Papagos-Cholargos city hall, provided useful information prior and after the event to a plethora of 

stakeholders and target groups across Greece and EU. 
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5.4. Analysis of long-term benefits  

5.4.1. Environmental benefits 

According to EU, bio-waste is defined as “biodegradable garden and park waste, food and kitchen 

waste from households, restaurants, caterers and retail premises and comparable waste from food 

processing plants”. It does not include forestry or agricultural residues, manure, sewage sludge, or 

other biodegradable waste (natural textiles, paper or processed wood). The total yearly production of 

bio-waste in the EU amounts to around 88 Mt and it constitutes one of the largest components of 

Municipal Solid Waste (MSW) i.e. in EU bio-waste is on average 32% w/w, while in the case of 

Greece it is about 40% w/w. Bio-waste production from households accounts for the largest share 

(about 40%) among the different food waste sectors (manufacturing, food service/catering and 

wholesale/retail). Future trends show that bio-waste is anticipated to increase significantly due to 

population growth and increasing consumption giving rise to increased environmental impact in 

cases when unsustainable management techniques are applied (e.g. landfilling). During bio-waste 

landfilling anaerobic decompositions take place leading to biogas and leachates production. The 

major problem associated with biogas emissions to the atmosphere is the fact that is acquires high 

methane content, a chemically active gas which contributes enormously to climate change. It is 

worth noting, that the estimated quantities of anthropogenic methane emitted globally from the 

disposal of bio-waste in landfills, amounts to 11% for the year 2010. Therefore, bio-waste diversion 

from landfills can contribute significantly to reducing the impact on climate change. Besides air 

pollution caused by landfilling, the organic matter and nutrients of bio-waste is lost and it is no 

longer available for recycling and reuse. In addition, the life span of landfills is shortened and the 

need for new landfills is created. To this end a number of EU policy and legal instruments address 

the issue of bio-waste treatment. 

The Thematic Strategy on the Prevention and Recycling of Waste Programme’s, being one of the 

seven thematic strategies programmed by the 6th Environmental Action Plan, aims at reducing the 

overall generation of waste and moving from disposal to re-use and recycling. The revised Waste 

Framework Directive (WFD 2008/98/EC) lays down general waste management requirements, such 

as environmental and human health protection during waste treatment and priority for waste 

recycling, containing also specific bio-waste related elements and a mechanism allowing setting 

quality criteria for compost and digestate (end-of-waste criteria). Therefore, Member States are 

legally bound to optimize the treatment of bio-waste according to their specific conditions. The need 

for the treatment of bio-waste is also linked to the obligations of the Landfill Directive (1999/31/EC) 

which calls for the gradual diversion of biodegradable municipal waste from landfills. The RES 

Directive “on the promotion of the use of energy from renewable sources” also contains measures on 

how bio-wastes are to be counted towards renewable energy targets. Additionally the EC in the 

‘Roadmap to a Resource Efficient Europe’ has resulted in the inclusion of bio-waste as a key sector 

where resource efficiency should be improved. 

It is concluded that EU bio-waste management policy aims to reduce the environmental and health 

impacts of bio-waste and improve Europe’s resource efficiency. The long-term goal is to turn Europe 

into a recycling society, avoiding waste and using unavoidable waste as a resource wherever 

possible. The aim is to achieve much higher levels of recycling and to minimise the extraction of 

additional natural resources. Proper waste management is a key element in ensuring resource 

efficiency and the sustainable growth of European economies. 

The application of the bio-waste dryer developed within the framework of the LIFE+ DRYWASTE 

project is in line and consistent with all the above mentioned EU and Greek policy and legislative 

measures related to the sustainable bio-waste management. More specifically the results and finding 

of the project have shown the following environmental benefits: 
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(a) The bio-waste drying scheme promotes the source separation of bio-waste at household level. 

Source separation refers to the practice of setting aside post-consumer materials and household 

goods so that they do not enter mixed waste streams. This practice is considered as a prerequisite 

technique for the effective management of all waste streams (especially bio-waste), whereas the 

Waste Framework Directive (WFD 2008/98/EC) calls for measures aimed at ensuring the source 

separation of priority streams (with or without specific recycling targets). It should be stated that 

although the WFD 2008/98/EC does not set binding targets for bio-waste, in Greece, Law 

4042/2012
4
 goes a step further by setting binding national quantitative targets of 5 and 10% w/w 

minimum increase of bio-waste source separation by 2015 and 2020 respectively in order to 

promote the initiation of bio-waste segregation. Therefore, in coming years the segregation of 

bio-waste is expected to be a mandatory approach for the effective diversion and management of 

the fermentable fraction of MSW and DRYWASTE technology is expected to contribute 

towards this direction.  

(b) The use of the dryer also enhances the effectiveness of bio-waste source separation. This is 

evident by the increased purity levels (more than 99% w/w) of the dried biomass that has been 

collected from households throughout the pilot scale demonstration of the system (≈8.5months). 

The purity levels achieved are higher than the ones reported in conventional bio-waste source 

separation schemes giving an additional advantage to the developed technology. The increased 

purity of the resulting biomass is of paramount importance in terms of its exploitation and 

utilization for the production of added value products. It must be stressed that most large scale 

facilities treating segregated bio-waste employ a capital intensive pre-treatment stage aiming to 

mechanically separate the remaining bio-waste impurities. Purity level higher than 95% w/w is 

considered to be sufficient for reducing significantly the capital cost employed with the pre-

treatment processes.  

(c) The use of the bio-waste drying unit can effectively reduce the mass of source separated bio-

waste at household level by 67.44% (w/w) (weighted average). The mass reduction is related to 

the moisture content removal from bio-waste when processed in the dryer. It is therefore evident 

that the mass reduction of bio-waste at source (i.e. household level) contributes positively 

throughout the MSW management chain (i.e. collection, transportation, treatment, reuse and 

disposal) in terms of environmental, economic and social impact while contributing to WFD and 

Landfill Directive quantitative and qualitative targets.  

(d) At the end of bio-waste process time, the remaining moisture content is reduced effectively to 

25.86% (w/w) (weighted average). According to literature, the biological decomposition rate of 

bio-waste (and any other fermentable organic substrate) is inhibited at the reporting moisture 

content level. The above mentioned statement has also been verified by the participating 

households during the pilot scale application of the dryer. The inhibition of degradation and the 

physical stabilization of bio-waste are desirable since (i) potential odor nuisance to the users is 

prevented, (ii) longer bio-waste temporal storage periods are allowed at household level and (iii) 

the putrescible fraction of MSW is transformed to a less problematic and easier to handle 

material (i.e. dried biomass). In Greece mixed MSW (including bio-waste) collection and 

transportation takes place every 2 to 3 days, while during the summer period it is much more 

frequent. In countries where bio-waste source separation schemes have been set out, bio-waste 

collection frequency varies depending on the climate conditions. As a general rule of thumb, the 

hotter the climate the more frequent the collection and transportation of segregated bio-waste. 

Indicatively, in North Italy bio-waste is being collected once every two or three days, while in 

the UK it takes place on weekly or fortnight basis. In all cases (mixed and segregated bio-waste) 

the collection and transportation of bio-waste is regulated in such a way as to avoid nuisance and 

to prevent disease spreading from bio-waste biodegradation. Taking into consideration that the 

application of the system results in increased bio-waste mass reduction and its resilience to 

                                                 
4
 This law has been issued in order to transpose into national legislation the provisions of EU WFD 2008/98/EC 
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biodegradation, it is evident that the end product can sustain significantly longer temporal 

storage periods before being collected by the competent authorities without causing any 

nuisance or jeopardizing public health. Therefore, the bio-waste drying scheme, if applied at full 

scale, can give substantial flexibility to local authorities cleaning services in terms of MSW 

collection and transportation. This flexibility, if properly managed, can optimize the entire MSW 

collection and transportation system at municipal level leading to numerous environmental, 

economic and social benefits to the local community. For the case study of Papagos-Cholargos 

municipality it has been estimated that the large scale implementation of the bio-waste dryer will 

reduce the required number of waste collection trucks by 4 to 6 
5
 out of the 12 trucks that are 

currently in operation.  

 

(e) The physicochemical characterization of the produced dried bio-waste (pH, loss on ignition, 

calorific value, celluloses and hydrocarbon content, bio-methane potential and other parameters) 

showed that the resulting biomass has the potential to be used as feedstock for delivering added 

value products (i.e. renewable energy). Therefore, the dried biomass, which is a renewable non 

food energy source, can be used as input material for the production of pellets, biofuels and 

green energy (either through anaerobic digestion or thermal treatment). It should be stressed that 

currently EU is working on limiting the amount of food crop-based biofuels, considering that 

their use pushes food prices, while biomass such as bio-waste is promoted to be used as raw 

material for biofuel production. To this end dried bio-waste to bioethanol could be a very 

promising method that is fully in accordance to EU initiatives.  

 

(f) The quantification of the environmental impacts of the bio-waste dryer has been determined 

through a life cycle assessment (Annex 7.2.6.Deliverable 27 with FR) for the case study of 

Papagos-Cholargos Municipality. As has been stated the overall environmental impacts (i.e. 

ozon layer depletion, global warming, human toxicity, freshwater aquatic ecotoxicity, terrestrial 

ecotoxicity, marine aquatic ecotoxicity, photochemical oxidation, acidification, eutrophication) 

associated with the construction and operation of the dryer, are positive, whereas the relative 

contribution (positive or negative) of the dryer in each environmental impact category is given 

below: 

 

 Global Warming: Saves 152.080 kg of CO2 equivalent per ton of MSW 

 Human Toxicity: Saves 2.527 kg of p-DCB equivalent per ton of MSW 

 Freshwater Aquatic Ecotoxicity: Saves 0.300 kg of p-DCB equivalent per ton of MSW 

 Marine Aquatic Ecotoxicity: Produces 0.511 kg of p-DCB equivalent per ton of MSW 

 Terrestrial Ecotoxicity: Saves 10 gr of p-DCB equivalent per ton of MSW 

 Photochemical Oxidation: Saves 11 gr ethylene equivalent per ton of MSW 

 Acidification: Saves 14 gr of SO2 equivalent per ton of MSW 

 Eutrophication: Saves 10 gr of NOx equivalent per ton of MSW 

It should be stated that the aforementioned quantitative environmental impacts are related to the 

existing situation in terms of MSW management in Papagos-Cholargos municipality (Bio-waste 

is being landfilled). It is concluded that Global Warming is the category with the largest positive 

impact and it is associated with the diversion of bio-waste from landfills and the reduction of the 

collection and transportation routing. Marine Aquatic Ecotoxicity appears to be the only 

negative environmental impact with very low overall contribution. It should be emphasized that 

the LCA study does not incorporate the alternative end uses of the produced biomass. Therefore, 

                                                 
5
 Assuming that 1) the bio-waste source separation levels range between 70 to 100% w/w of the total bio-waste produced 

2) the dried biomass  is collected once every month  
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the positive environmental impacts associated with the different methods and process for the 

exploitation of dried biomass is not incorporated in the above mentioned environmental 

indicators. It should be highlighted that irrespective of the treatment option (e.g. thermal 

treatment as bulk biomass or as pellet, anaerobic digestion for biogas and digestate production, 

production and combustion, bio-catalytic process for bio-ethanol producton) the environmental 

impacts associated with the exploitation and final use of the dried biomass will be positive since 

the input material (i.e. dried biomass from bio-waste) is considered a renewable source. The 

only differentiation between alternative biomass uses shall be on the level of the positive 

environmental impact which depends on the selected treatment option and procedure and on the 

end product(s) type(s). 

The outcome of the project has a great impact to all the actors involved in the field of the generation 

and management of the household solid waste. In particular: 

 

i. citizens/householders: Their environmental awareness is increased, they take more initiatives and 

make more efforts to protect the environment, they include the practice of simultaneous separation 

and drying of bio-waste as a common daily activity, they produce a product with added value 

originated from the waste that they generate, they participate actively in material recycling schemes, 

they possess a sense of responsibility for their waste, etc. 

ii. Local Authorities: They are provided with an effective tool in order to re-organize and optimize 

the existing practices that are applied for the management of the household wastes generated at their 

localities, which is based on the principles and the priorities of the European and national 

environmental policy and legislation. This, results in i) cost saving (from the reduction in costs for 

the collection and transfer of the mixed municipal wastes to the landfills as well as from the 

utilization of the end product (biomass), ii) limitation of nuisance during the collection and transfer 

of waste to the landfill sites iii) improvement of the entire environmental profile of the 

Municipality/Community. 

iii. Private companies: Private companies that deal with biomass can use the renewable material for 

the production of value added products.  

iv. Public Authorities/decision and policy makers: The large scale application of the household dryer, 

will contribute to the achievement of the quantitative national targets concerning the diversion 

of the biodegradable organics from landfills and the initiation of bio-waste sources separation. 

In addition, by incorporating this practice in the existing solid waste management schemes the 

principles and the priorities of the European and national environmental policy and legislation are 

actually enforced by providing tangible results. 

 

5.4.2. Long-term sustainability  

Long-term / qualitative environmental benefits: The existing bio-waste management options include, 

in addition to prevention at source, collection (separately or with mixed waste), anaerobic digestion 

and composting, incineration, and landfilling. Currently bio-waste landfilling remains the 

predominant waste management option for many EU member states since limited initiative is shown 

in regard to the application of national policies and technologies for bio-waste management. To this 

end DRYWASTE project provides a novel approach in regard to bio-waste management by 

effectively dehydrating source separated bio-waste at household level through a domestic dryer 

aiming to enhance and simplify bio-waste management in a sustainable manner. Since bio-waste 

constitutes a waste stream with increased water content (i.e. 75 to 85 %w/w), its effective removal 

leads to high mass and volume reduction, while delivering a renewable end product (dried biomass) 

which can be handled easier and more effectively for the production of alternative added value 

products. The developed technology is a promising option with encouraging results which can 
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contribute towards the EU and national policies on bio-waste treatment and enhance the diversion of 

biodegradable organic waste from landfills. The prototype system is characterized by a high level of 

sustainability. Indicative non quantitative non measurable environmental benefits that could be 

obtained by the application of the system at large scale is given below. 

 It contributes to the achievement of the quantitative national targets concerning the diversion 

of the biodegradable organics from landfilling 

 It contributes to the set up of source separation schemes which are considered the most 

effective technique in terms of MSW sustainable and resource efficient management.  

 It contributes to raising the environmental awareness of the public – to increasing the 

sensitization of the citizens on environmental issues – to good environmental practices 

among the daily activities of the householders. 

 The application of the practice of the separation and drying of bio-waste at source offers the 

opportunity of a high-quality “clean” feedstock for a variety of different treatment methods. 

The application of bio-waste drying technology achieves increased purity levels which are 

very completive compared to existing source separation schemes applied internationally (i.e. 

wet bio-waste door-to-door and kerbside collection systems). 

 The segregation and drying of bio-waste at household level is considered a pre-treatment 

option for the putrescible fraction of household waste resulting in a significant reduction of its 

quantity by removing a large proportion of its moisture content. Therefore, bio-waste drying and 

mass reduction essentially reduce the collection and transportation of bio-waste and residual 

MSW leading to significant improvement to the existing MSW collection and transportation 

system at municipal level. This is especially important consideration in Southern European and 

other Mediterranean countries where climatic conditions demand more frequent collection of 

easily degraded waste. 

 The bio-waste dryer can be installed at any household without problems since its dimensions are 

similar to other household devices, it is ergonomic and easy to use while it is capable of 

processing the daily bio-waste of an average household. 

 It results to the reduction of the nuisance that occurs during the collection and transfer of the 

municipal solid waste (decrease of the number of vehicle routes for the collection and 

transportation of MSW) 

 It lowers the burden of the landfill sites, in terms of quantity and polluting load, due to the 

reduction of the amount of MSW that are disposed, fact that results in increasing their 

operation lifespan. 

 It prevents the generation of leachates at landfill sites and thus reduces the organic load from bio-

waste disposal.  

 It produces dried biomass (i.e. reneable energy source) which can be used in alternative ways for 

the production of added value products. Therefore, the developed technology has great 

volarization potential and spin-off effect in municipal waste management as well as in other 

environmental areas (i.e. climate change, renewable energy sources) since the physicochemical 

characteristics of the dried biomass has shown that it can be used as a renewable source for the 

production of added value products namely:  

 

 Green energy production through thermal treatment  

 Biogas and digestate production from anaerobic digestion treatment  

 High quality compost through composting processes  

 Bio-ethanol production through bio-catalytic processes 
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In relation to the latter processing method the project team has been funded by EU to implement 

another LIFE+ EU project (Waste2bio - http://www.waste2bio.eu) which foresees to the 

development of an innovative bioconversion method for the production of bio-ethanol using dried 

bio-waste as feedstock. This spin-off effect is in line to the EC strategy on tackling sustainably 

climate change by investing in biofuels that achieve real GHG emission cuts and at the same time 

do not compete with food.  

 It increases the recycling rates of the rest MSW i.e the recyclables materials (paper, metal, plastic 

etc.) since the diversion of bio-waste from mixed MSW facilitates the recovery process of residual 

waste. 

 

Long-term / qualitative economic benefits: The application of the technology could result in cost 

savings in the sector of the municipal solid waste management due to the following reasons: 

 

 A product with high added value is produced with multiple end uses. 

 The cost for the collection and transportation of MSW is reduced as a result of the decrease of the 

number of the vehicle routes that are required for this purpose (lower quantity of waste must be 

collected and disposed). The cost reduction is associated with the reduction of personnel, fuel 

consumption for the circulation of the vehicles, waste collection maintenance etc. As has been 

stated earlier, the large scale application of the bio-waste drying scheme can give substantial 

flexibility to local authorities cleaning services in terms of MSW collection and transportation 

since the putrscible fraction of waste is been effectively handled. This flexibility can provide the 

means for optimizing effectively the entire MSW collection and transportation system at 

municipal level, which in turn delivers increased cost savings to the competent local authorities. 

 The cost for the disposal of mixed waste (disposal fees paid by the Municipalities to the operator 

of the landfill site) is reduced, since the level of this expense is proportional to the quantity of 

waste that is disposed. 

 The lower burden of the landfill sites, in terms of quantity and polluting load, results in the 

increase of the operational time life of the landfills and consequently the decrease in the demands 

for space in order to construct new landfill sites.  

 The reduction of the organic load content of the leachates generated at the landfill sites results in 

the decrease in the operation and maintenance costs of the landfill anti-polluting systems. 

 The high quality dried biomass has alternative end uses and market potential. The exploitation of 

biomass as renewable energy source shall provide revenues depending on the type of process and 

end products delivered (i.e. biogas, biofuel, pellet, bulk biomass, compost).  
 

Long-term / qualitative social benefits: The project can lead to significant social and other relative 

benefits, such as: 

 

 The use of the prototype systems in large scale applications, covering high population areas will 

lead to the production of large quantities of dried biomass for its trading. As a result, requirements 

for new jobs will be created since the need for increased number of employees who will work in 

the entire management scheme will be raised. These employees could be technicians, collectors, 

drivers, engineers for the provision of technical support 

 The nuissance reduction related to MSW collection and transportation and the nuissance reduction 

due to odors emmited from bio-waste fermentation during the temporal storage at outdoor bins.  

 The prevention of potential health diseases due to prolonged bio-waste decomposition in outdoor 

bins 

 As stated above the large scale imlpementation of the bio-waste drying scheme and the marketing 

of biomass as renewable energy source shall generate numerous job opportunities  

 The bio-waste drying scheme shall promote raising public awareness on MSW management 

issues and contribute to behavioral change towards good environmental practices  

http://www.waste2bio.eu/
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 Market opportunities in several commercial sectors associated with the construction of the system 

and the utilization of the final product in alternative ways. 

 

5.4.3. Replicability, demonstration, transferability, cooperation 

The reproducibility and the application of the prototype system in large scale are feasible, since: 

 

 The manufacturing of the bio-waste drying system is based on different components which are 

commercially available and acquire specific technical specifications and characteristics. These 

components are available for expanding the production line of the prototype system, fact that 

ensures its easy reproducibility.  

 The prototype system was tested adequately after its construction by (a) performing lab scale 

quality control aiming to ensure that the electromechanical configuration is working properly (b) 

developing a pilot scale demonstration phase in 30 households for 8.5 months. Therefore, the 

prototype system was tested intensively under actual operating conditions (i.e. household level) 

for a sufficient time period. 

 The cost for the manufacturing of the bio-waste drying system is affordable and can be 

competitive to the cost of other systems i.e. home composting, available in the market. Also, it 

must be mentioned that the cost per item is reduced as the number of items that are manufactured 

is increased. In particular, for the manufacture of more than 2000 items the cost per system is 

estimated to be 500€. It should also be considered that the application of the system shall result in 

increased cost savings compared to conventional bio-waste management systems due to the 

reduction of waste collection and transportation frequency and the production of biomass which 

can deliver high added value products (e.g. biofuels, biogas, bioenergy) 

 The large scale implementation of bio-waste drying scheme will have tangible results and direct 

benefits to the local competent authorities and the public. This is evident by the increased number 

of Greek municipalities that expressed their interest in testing or even applying the bio-waste 

drying scheme at large scale level
6
. 

 The use of the system by the householders is simple, whereas the use of system can be  easily 

incorporated into the daily activities of the householders,  

 The dimensions and the volume of the system are small (similar ones to the dimensions of the 

most household devices), fact that allows its easy and unobstructed installation at households. 

 The questionnaire survey that was performed to the participating householders during the pilot 

application of the bio-waste drying scheme has shown the willingness of the public to operate or 

even buy the system indicating the high level of public acceptance  

 significant and tangible environmental benefits are obtained through the use of the systems, as has 

been extensively described 

 the prototype systems are characterized by a high level of sustainability, 

 The only limiting factor associated with the large scale application of the drying system is the 

energy consumption for bio-waste drying. The cost per an average family (i.e. about 3 members) 

is calculated at 1.2 Euros per month. However, further on-going research at NTUA lab has shown 

that the cost can be further reduced to less than 1 Euro per month. Based on the cost-benefit 

analysis that has been performed the bio-waste drying system is viable and can be considered as a 

promising option for the effective and sustainable management of bio-waste. 

 

                                                 
6
 Athens, Aspropyrgos, Volos, Nea Smirni, Saronikos, Kiffisia, Papagos-Cholargos and various municipalities of Crete 

have been interested in testing or applying the bio-waste drying technology. Also the president of the Greek-China 

association made contact with the project team in order to find ways with which the proposed technology could be 

implemented in Shanghai. 
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Additional positive features of the DRYWASTE system which add up to its potential large scale 

application are the following: 

 

 The application of the systems is based on the principles and the priorities of the European and 

national environmental legislation and policy, fact that facilitates its easier incorporation in the 

existing waste management schemes.  

 The incorporation of such systems in the local municipal waste management schemes will lead to 

limitation of the nuisance occurred during the collection and transportation of the mixed 

household wastes.  

 The end-product (dried product) is characterized by a high quality level and alternative 

sustainable end uses, fact that allows its possible trading utilization through the development of 

the relative market. 

 The ergonomic characteristics of the dryer along with the absence of odor nuisance during its 

operation ensure its unobstructed and effective application at densely populated areas. This fact 

ensures its possible application in large scale, covering big populated areas and indicates the very 

high degree of geographical dispersion at local and national level. 

 The management of the biodegradable household waste is a widespread environmental problem, 

common in all the countries, fact which indicates that the prototype system could be used 

extensively in other European and international areas and countries (especially to Southern EU 

countries where hot climates impose the frequent collection and transportation of bio-waste). 

 

5.4.4. Best Practice lessons 

Bio-waste source separation, drying and minimization, constitutes a novel approach which has never 

been recorded in the past. The implementation of the “DRYWASTE” project provides several best 

practice measures in terms of bio-waste management as described below: 

 

 Bio-waste drying at source produces dry biomass with increased purity levels (i.e. averaged 

99.98% w/w) which is significantly higher than the conventional bio-waste source separation 

schemes applied in EU countries. This is extremely important in terms of downstream use and 

processing of bio-waste for the production of added value products. 

 The use of the innovative dryer reduces bio-waste mass by 67.44% w/w at source, while the 

remaining moisture content is low enough to inhibit microbial activity. The reduction of bio-

waste mass, the diversion of bio-waste from remaining MSW and the suspension of the 

biological activity of bio-waste at household level, lead to various beneficial conditions 

throughout the MSW management chain. Indicatively, it provides substantial flexibility to local 

authorities cleaning services in terms of MSW collection and transportation by reducing the 

waste collection routing by 35 to 50% depending on the level of bio-waste source separated. The 

preservation of the labile organic compounds of bio-waste (i.e. non-structural carbohydrates) 

due to drying at source promotes the downstream use of the organic material-biomass through 

biological processes i.e. anaerobic digestion, bioconversion to ethanol. 

 This high purity level and mass reduction of bio-waste were accomplished through the 

implementation of a well-established information campaign constituted of training seminars to 

the civilians, the production of appropriate training material (i.e. leaflets, brochures) and direct 

communication with the participating households (phone calls and meetings). An active phone 

line was also available for the civilians to communicate with the project team in order to resolve 

potential difficulties regarding the operation of the waste dryer and the collection of food waste 

throughout the project implementation. Finally, the technical department of Papagos-Cholargos 

Municipality was available to the participants for resolving potential technical issues. All the 
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above mentioned communication measures were prerequisite in order to enhance the awareness 

level of the participants and to encourage their active involvement to the bio-waste drying 

scheme. 

 The developed technology can be easily integrated to existing MSW management schemes while 

providing an easily to handle end product (biomass) which has the potential to be used as 

renewable substrate in alternative processes for the production of biofuels, biogas, bioenergy, 

compost etc. 

 The organization of the International conference promoted the findings of the project not only to 

the scientific community but also to municipal authorities. The event gave an increased impact 

to the dissemination of the project to targeted groups, while various Greek local authorities 

expressed their interest in testing or even applying the technology at large scale. 

 

5.4.5. Innovation and demonstration value 

DRYWASTE project has set out and tested an innovative solution for the effective management of 

bio-waste at source through the design, development and operation of an innovative household bio-

waste drying system. The novelty of the project and its findings lay on the fact that it introduces the 

dehydration of bio-waste at source aiming at effectively reducing the mass and volume of organic 

waste at source while the resulting product can be treated more effectively for the production of 

added value products. This innovative household drying system is considered a competitive and 

sustainable alternative approach to bio-waste treatment compared to existing management schemes. 

More specifically the content and the outcome of the DRYWASTE project are characterized by a 

high level of innovation at national and international level, since: 

 

 The process of source separation and drying of bio-waste at source has never been applied before 

neither at pilot nor at large scale application. Up to now only sludge drying systems have been 

developed for various applications around the world aiming to remove the moisture content from 

sludge. Therefore, bio-waste drying at household level constitutes an innovative idea that has not 

yet been implemented at any scale.  

 The separation and drying of bio-waste at source using the prototype household dryer creates an 

alternative management route for bio-waste by transforming the putresible-fermentable fraction of 

MSW to a dried, physically stable and easy to handle biomass material. Therefore, the proposed 

innovative technology introduces a stage, which will be applied prior to the existing technologies 

for organic waste treatment in order to facilitate and enhance the implementation of the waste 

treatment technologies by delivering products of high added value.  

 In addition the source separated renewable dried organic material (biomass) can potential be used 

in different environmentally sound ways for the production of added value products with 

significant valorization potential, in line with European Commission’s MSW management and 

RES policies. 

 The use of such a system by the householders activates the participation in a full level, fact that 

provides them with a high sensation of responsibility about their waste and furthermore it gives to 

them the ability to get involved in the management of their waste  more effectively and 

dynamically 

 

5.4.6. Long term indicators of the project success 

The DRYWASTE team will monitor the project success after the end of the project in order to 

determine the impact of the project results in the area under concern and in other areas that will be 
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willing to use the developed technology. The monitoring procedure includes the following 

quantifiable indicators: 

 

1. Number of new domestic waste dryers modules installed in households of Papagos-Cholargos 

Municipality 

2. Number of new domestic waste dryers modules installed in households of other Municipalities 

3. Papagos-Cholargos Municipality’s Bio-waste mass reduction (%) after the end of the project, 

with the use of domestic drying technology 

4. Number of municipalities that have adopted the DRYWASTE technology 

5. Overall diversion of bio-waste (tones) from landfills due to the application of the dryer 

6. Local authorities’ MSW management cost savings (Euros per tone of MSW) due to the adopted 

of the proposed technology 

7. Number of companies selling the domestic waste drying technology developed 

8. Number of companies using the final dry product (after the end of the project) 

9. Number of references of the DRYWASTE project at national and international web-sites and 

press articles (after the end of the project) 

10. Number of publications and presentations related to DRYWASTE findings and results 
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6. FINANCIAL PART 

6.1. Financial review by actions 

The summary of the DRYWASTE expenses is summarised below. Both DRYWASTE beneficiaries 

keep a separate cost account for the management of this LIFE+ project and all expenses are made in 

full accordance with the provisions of the LIFE+ projects as well as the relevant national legislative 

framework. Indicatively, the relevant code number of the DRYWASTE project in the NTUA 

accounting system is 63/1782. NTUA keeps copies of both beneficiaries’ invoices and timesheets 

and these were gathered every six months, as defined within the signed cooperation agreement 

between NTUA and the Municipality of Papagos - Cholargos.  

 
Table 27. Project’s economics 

 

Budget breakdown 

categories 

Total cost in € Costs incurred from the 

start date to 30.06.2012 in 

€ 

% of total costs 

1. Personnel 685.750,00 663.098,75 96,70 

2. Travel and subsistence 16.000,00 11.835,12 73,97 

3. External assistance 40.000,00 37.348,35 93,37 

4. Durable goods     

Infrastructure 0 0 - 

Equipment 0 0 - 

Prototype 45.000,00 34.314,50 76,25 

5. Land purchase / long-

term lease 
0 0 0 

6. Consumables 38.000,00 36.125,79 95,07 

7. Other Costs 38.000,00 38.331,15 100,87 

8. Overheads  60.932,00 57.473,15 94,32 

TOTAL 923.142,00 878.527,41 95,17 

 

It can be concluded that about 95% of the initial DRYWASTE budget was actually spent for the 

implementation of the DRYWASTE project. Therefore, the declared expenses within the 

DRYWASTE project are a bit lower than initially foreseen.  

       

More specifically, some comments on the actual expenses for certain cost categories are as follows:  

Personnel: There was a saving of the initial personnel for the DRYWASTE project by 3.3%. It 

should also be noted that the 2% rule has been applied not only for the DRYWASTE project as a 

whole, but also for each of the two beneficiaries. For the case of NTUA the rule applies, since the 

working hours for Prof. Loizidou for April and May 2012 do not refer to own contribution, but they 

are extra payment covered by EC contribution.   
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According to the EC letter dated 15/01/2013 (ENV/PT/AS/HM/ARES (2013) for the calculation of 

the hourly rates the following formula is used for the years 2011 and 2012 (for the case of 2010 we 

followed the previous calculation method, since the MR had been approved): 

 

HRnew = (B+ C)/(E+F+G) 

Where, 

E+F+G ≤ 1650 

 
B: Annual Governmental Gross Salary of the previous year+ Employer’s Charges of the previous year 

C: Additional Remuneration from research projects concerning previous year 

E: 758 hours (annual compulsory hours by Law for professors- referred to B) 

F: Annual Hours devoted to the research projects (With extra payment - referred to C) 

G: Annual hours devoted to the research projects as own contribution (without extra payment) 

 

Consequently, when we fill in the “Personnel Costs” worksheet of the LIFE Financial Statement 

Form for a specific year (e.g. 2011), in the columns “Annual Gross Salary” and “Annual Number of 

Working Time Units” we put the respective data concerning the previous year (in this example 

2010), but in column “Number of time units assigned to the project” we put the hours concerning the 

year we report (in this example 2011).  

 

If someone would like to check and verify the annual hours spent by a member of the NTUA for a 

specific year (e.g. 2011) he/she needs both the global timesheet of the previous year (in this example 

global timesheet for the year 2010) and the global timesheet of the current year (in this example 

2011). From the global timesheet of the previous year we take the data for “Annual Number of 

Working Time Units” [column G] and from the global timesheet of the current year we take the data 

for “Number of time unit assigned to the project [column Z, column I]. 

 

It should also be noted that the low number of annual working hours for the case of Papagos is 

attributed to the fact that only the working hours for the period from January 2012 to June 2012 

(when the project was completed) have been included. For the case of the NTUA rates for 2011, the 

total working hours for just two members of the NTUA Academic Staff (Dimitrios Kekos and 

Apostolos Vlyssides) were exceptionally 758 for 2010, but these were the actual ones for that year. 

In all future years their working hours were significantly higher.    

 

Travel and subsistence: The DRYWASTE team saved a large proportion of the initial budget for 

travel costs for the site visits. Despite the fact that the travel expenses of certain invited speakers for 

the DRYWASTE conference were covered by the DRYWASTE budget, about 26% of the initially 

foreseen budget was not used.   

 

External assistance: Around 7% of the initial budget for external assistance was saved. The actual 

expenses of this category mainly refer to the development and update of the DRYWASTE website 

and the website of the DRYWASTE Conference, the preparation of the DRYWASTE dvd film and 

the audit report. 

 

Prototype: The fact that the relevant budget was not fully spent is mainly attributed to the fact that 

two suppliers that constructed four out of the twenty dryers were not paid because they could not 

provide the relevant documentation that they did not have debts to the Tax Office. Therefore, this 

fact can be generally attributed to the economic crisis in Greece.  

The rest of the suppliers that were actually paid had also problems in providing the relevant required 

documentation, resulting in the delay for their payment. It should also be noted that for the case of 

prototypes, partial VAT exemption can be obtained on invoice case basis. The relevant procedure 



Final report LIFE+ 

DRYWASTE (LIFE08 ENV/GR/000566) Page 85 

which was followed in all cases, except three ones, also requires significant time and is also a reason 

that explains the delays in issuing the relevant invoices and paying them. Finally, an extra reason is 

the fact that DRYWASTE consortium received the midterm payment in December 2011 and, due to 

the lack of available sources before that date, NTUA requested from the suppliers to delay in issuing 

the relevant invoices until the EC installment is received. 

 

More specifically, the 20 dryers were constructed by seven different companies, as summarized in 

the following table. Therefore, the cost of each dryer ranged from 1,900.00 Euros to 2,125.00 Euros. 

Two of these companies (the last two ones in the table, No 6 & No 7) were not actually paid, because 

due to the economic crisis they were not able to submit the required documents for being paid 

(certification that they do not have debts to the Tax Office). 

 
Table 28. Companies that manufactured the 20 waste dryers 

 

No Company Name Number of dryers 

constructed 

Cost (not 

including VAT) 

1 N. Dimou & Co 2 4.200,00 

1 N. Dimou & Co 2 3.800,00 

2 Envireco Consulting 2 4.250,00 

2 Envireco Consulting 2 4.000,00 

3 TEST IS 2 4.200,00 

3 TEST IS 2 3.900,00 

4 SOUKOS ROBOTS 2 3.900,00 

5 CHEMITEC 2 4.100,00 

6 ENVIRONMENTAL 2 3.900,00 

7 ELGEC 

 

2 4.000,00 

 

There were slight differences in the dryers constructed justifying the small variations in the cost of 

each dryer. The variations mainly referred to the different blower used and the resistance of each 

dryer.  

 

It must be stated that the cost related to the construction and installation of the dryer, is significantly 

reduced considering mass production due to economy of scales. Indicatively the total cost of 13.100 

pieces is estimated at 3.275.000 euros (250 euro per dryer). The above mentioned value resulted  

after communication with the relevant manufacturers.  

   
Consumables: The available budget for consumables has been spent by about 95%. 

 

Other costs: The total available budget was spent for the project needs with emphasis on the 

organization of the big International Conference of the DRYWASTE project (provision of support 

for the organization of the DRYWASTE conference (promotion to the media, distribution of 

invitations, preparation of the conference venue, translation services for the first day of the 

DRYWASTE conference, support of the secretariat of the DRYWASTE conference, preparation of 

press releases, conference bags and meals for the participants of the DRYWASTE conference.  

 

Summarizing, the available DRYWASTE resources were used in a reasonable way and always in 

accordance with the DRYWASTE contract and the project needs by both beneficiaries.  

 

 



Final report LIFE+ 

DRYWASTE (LIFE08 ENV/GR/000566) Page 86 

 

 

 

 

6.2. Auditor Data  

Name: SOL S.A. – Certified Auditors Accountants 

Address: 3 Fokionos Negri Str., 11257, Athens 

Tel/fax: 0030 6972299515 

Contact person: George Emm. Sgouros 

Registration number of the auditor: 14631 
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7. ANNEXES 

7.1. Administrative Annexes 

7.1.1.  The Cooperation agreement between the NTUA and PAPAGOS has been submitted as 
ANNEX 5.1 of the IR. It was then revised (based on the comments received on 10th of March 
letter) and resubmitted as ANNEX I of ANNEX 7.3 of the mid-term report. 

7.2. Technical Annexes 

7.2.1. Deliverable 10b: Report on existing methods and techniques on household organic waste 
management and treatment, including large scale drying systems (revised)  

7.2.2. Deliverable 11/12: Report recording the measurements conducted/report on the prototype 
system’s assessment  

7.2.3. Deliverable 13b: Operation and Maintenance Manual of the prototype household dryer 
(revised) 

7.2.4. Deliverable 24/25: Report on the results of the demonstration action/ Report on the 
evaluation of the results of the demonstration action/ written results from the interviews 

7.2.5. Deliverable 26: Monitoring questionnaires  
7.2.6. Deliverable 27: Report on the system’s LCA analysis 
7.2.7. Deliverable 28/29: Report on the overall evaluation of the prototype household drying 

system’s economic feasibility, environmental and social benefits/ Report on suggestions for 
the full – scale implementation of the prototype household dryer 

7.2.8. Deliverable 30: Report on the potential alternative uses of the “final organic waste product” 
derived from the home drying system  

7.3. Dissemination Annexes 

7.3.1. Deliverable 31:  Minutes of the launching event in Athens 
7.3.2. Deliverable 32: (1) One announcement to the local press through the World Wide Web 
7.3.3. Deliverable 33: Fully updated project and conference website 
7.3.4. Deliverable 34: Conference proceedings /including participants list 
7.3.5. Deliverable 35: Conference flyer (in Greek and English language)  
7.3.6. Deliverable 36: Conference programme  
7.3.7. Deliverable 37: Conference Photographs  
7.3.8. Deliverable 18: 1st Newsletter 
7.3.9. Deliverable 20: 2nd Newsletter 
7.3.10. Deliverable 38: 3rd Newsletter  
7.3.11. Deliverable 39: 4th Newsletter  
7.3.12. Deliverable 16: Leaflet 1. 
7.3.13. Deliverable 40: Leaflet 2.   
7.3.14. Deliverable 42: Leaflet 3. 
7.3.15. Deliverable 15: Poster 1. 
7.3.16. Deliverable 19: Poster 2. 
7.3.17. Deliverable 50: Poster 3. 
7.3.18. Deliverable 51: Notice Board 
7.3.19. Deliverable 41: One 8-minute DVD film (in English and in Greek language) on the operation 

of the waste dryer– One (1) small promotional video (in English and in Greek language)  
7.3.20. Deliverable 17b: 5 press releases, 5 internet articles, 5 specialized press articles, 2 general 
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public articles in local press 
7.3.21. Deliverable 17c: One publication to the VENICE 2012 Fourth International Symposium on 

Energy from Biomass and Waste 
7.3.22. Deliverable 17d: One publication to the EEDSA 4th International conference 
7.3.23. Deliverable 43: Media List  
7.3.24. Deliverable 44: Minutes of the 2nd training seminar  
7.3.25. Deliverable 21b: Training material (Presentations) 
7.3.26. Deliverable 23b: Training material (Educational handbook) 
7.3.27. Deliverable 45: Layman's report 
7.3.28. Deliverable 53: List of Institutions and Countries that Participated the ATHENS 2012 

International Conference 
7.3.29. Deliverable 54: List of Speakers Invited the ATHENS 2012 International Conference 
7.3.30. Deliverable 55: Key Project Photos  

7.4. Management Annexes 

7.4.1. Deliverable 46: After LIFE Communication Plan 
7.4.2. Deliverable 47: Minutes from the third project team meeting 
7.4.3. Deliverable 48: Minutes from the fourth project team meeting 

7.5. Communication with the EU Annexes 

7.5.2. Deliverable 51: 07/12/2011 EC Letter Reply 

7.6. General Annexes 

7.6.1. Progress Indicators Table 
7.6.2. Project’s Gantt diagram 
7.6.3. Deliverables associated with each action of DRYWASTE project 
7.6.4. Milestones associated with each action of the DRYWASTE project 
7.6.5. Comparison against DRYWASTE objectives 
7.6.6. Progress indicators of dissemination activities 
7.6.7. Information on householders participated to the demonstration phase 
7.6.8. Comparison of the results against DRYWASTE objectives 
7.6.9. Deliverables, milestones and performance indicators of the dissemination activities 
7.6.10. Investment plan scenarios and sub scenarios 
7.6.11. Estimated investment revenues in each sub-scenario examined 
7.6.12. DRYWASTE presentation 

7.7. Financial Annexes 

7.7.1. Auditors report using the standard reporting format (compulsory for many projects) 

7.8. Final table of indicators 

 

7.5.1. Deliverable 50: 22/5/2012 EC Letter Reply 


