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2. Key-words and abbreviations

I. Key-words

Organic waste management, biological waste treatment, source separation, composting, bio-gas production, compost quality, community involvement, systems analysis

II. Abbreviations

The following abbreviations are used in the report:

"Hi-Lo" composting system: High temperature, Low emission, Low cost on-farm composting system.

"AIKAN" community involved composting system: This is not an acronym; the name has been chosen because it can be pronounced with ease in most languages.

"ORWARE": ORganic WAste REsearch model

3. Executive Summary
The overall objective of the Short-Circuit project was to promote the waste recycling concept using three sub-systems, i.e. collection of vegetable residues from the box scheme business Aarstiderne A/S and composting the residues at Krogerup farm, on-farm composting of urban waste at an experimental farm belonging to KVL and a community involved combined biogas production and composting system developed by Solum A/S. Data from the optimised systems formed the basis of a Life Cycle Analysis (ecotoxicology not included) to evaluate environmental impact. This was done by KTH using the ORWARE waste management model. All systems performed very well and lived up to the specifications put down in the project application and it was demonstrated that the Short-circuit concept in many cases are superior to more conventional waste treatment systems.

Aarstiderne have developed a simple system for collecting vegetable residues from their customers. One of Aarstidernes vans was equipped for the collection system. In all 850 customers were involved for 24-76 weeks and of the 20,000 times boxes were delivered waste was collected at 6,600 occasions resulting in a participation rate of 33%. During the project period more than 10 tons of organic waste with extremely low amount of impurities was collected and subsequently composted at Krogerup farm. The waste was composted together with straw, hay, silage and horse manure and the total amount of material exceeded 100 tons. The compost was made by simple techniques using machinery normally present on a farm and the compost was of high quality.

KVL´s HI-LO (high temperature, low emission, low cost) on-farm composting system was designed to co-treat source separate household waste and farm residues. The system consists of a 20 ft. container with a roof-cover that functions as a heat exchanger trapping water vapour from the compost and thereby diminishing NH3-loss. The compost is actively aerated. During a typical composting run the temperature in the middle of the compost exceeded 70(C for more than five days, and the material in this way complied with EU regulations to secure a sanitised product. The material adjacent to the surface of the container did not reach 70(C, but even at this position the maximum temperature was 62(C and the temperature exceeded 60(C for more than 24 hours.

The third system for waste treatment consists of a high-tech combined biogas production- and composting plant, the AIKAN-plant constructed by Solum A/S. The technology utilizes biowaste (organic MSW) initially for biogas production and subsequently to produce compost with high process control and sanitation according to EU regulation. An important new feature of the plant is that biogas production and subsequent composting of the waste material takes place in the same facility. In this way, part of the waste materials energy content is utilised and at the same time the end-product is stable compost better suited for soil application than biogas residues.

The systems analysis using the ORWARE model can be summed up as follows: The Aarstiderne/Krogerup system had lower environmental impact in several categories than conventional systems – especially the energy consumption was low. For these systems good source separation and small distance for collection are important factors. The Hi-Lo on-farm composting system had a higher environmental impact compared to incineration. Optimization of the system to decrease N-emission could change that by eliminate acidification and eutrophication potential. There were only minor differences in environmental performance between the AIKAN system and a traditional incineration system even when organic waste with high amounts of impurities was treated. In-depth analysis of assumptions, system boundaries etc., demonstrated the need to consider the inherent limitations of system analysis when evaluating waste management systems.

4. Introduction

Next to prevention of waste generation, projects promoting recycling - including composting of waste products - have the highest priority in the Community's waste management strategy. In particular, the need for projects focusing on source separation of biodegradable waste and improving compost quality is stressed. The Short-Circuit project was a pro-active joint venture between a food box scheme e-business, an eco-farm, a composting company and two research institutions who wanted to develop and demonstrate new and innovative ways of recycling urban organic waste to peri-urban agriculture.

The main objectives were:

· To develop and demonstrate to the public three new full-scale source separation and composting systems designed to optimise recycling of organic household waste by establishing a close relation between the sources, households, and the end users.

· To optimise public participation and thereby maximise the amount of organic waste source separated and simultaneously minimise the amount of contaminants.

· To evaluate the three systems by computerised systems analysis comparing.

Technical/methodological solutions

The project has implemented three new systems for source separation and waste treatment. Recycling by collection of residues from a vegetable box scheme business and transporting it back to the farm (Task 2.1 and 2.2) has, to our knowledge, not been implemented before. This is a very obvious way to recycle waste, especially since box schemes are growing fast. Co-collection and co-treatment of source separated faeces and household waste (Task 3) is also a new way of exchanging resources between the city and the peri-urban agriculture. The third system is a new way to establish community involved composting (Task 4) using an innovative coupling of biogas production and subsequent composting of the residues. These systems were expected to generate more qualified source separation and use of the compost, due to a higher responsibility and perceived ownership to the systems. KVL has monitored the systems performances with the aim to optimise the systems source separation efficiency, processing, compost quality etc. Data from the optimised systems formed the basis of a systems analysis by KTH using ORWARE waste management model (task 6).

Expected results and environmental benefits

Implementation of three new systems for composting of organic household waste should result in: a very high sorting efficiency, a low content of impurities, micro-pollutants and heavy metals in the compostable fraction and resulting compost, and optimised processes with low environmental impacts. More generally, the project as a whole should result in: 1. a better understanding of locally based systems for organic waste treatment. 2. a comparison between different local composting systems with reference to centralised systems as well. 3. a high degree of dissemination primarily to the residents of the greater Copenhagen area and professionals in Denmark, Sweden and other countries of EU. I was not possible to determine precisely the reduction in environmental cost/benefit ratio resulting from a project like SHORT-CIRCUIT, except in more general terms. The reason for this was the lack of systems analysis of these types of systems. It was, therefore, an objective to provide this by monitoring and collecting data during the project period and subsequently analyse the data using the state-of-the-art waste management model ORWARE.

5. LIFE-project framework

Schematic presentation of working method and project phases

The project was carried by three pillars of activity: 1. Collection of organic residues from the customers of Aarstiderne A/S and subsequent composting at Krogerup Farm. 2. On-farm composting of urban waste at KVL´s experimental farm, and 3. Community involved composting at Solum's AIKAN-plant. Data from the activities were collected in task 5.1, and based on that process optimisation (task 5.2) and finally systems analysis were done using the ORWARE model (task 6).
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Fig. 1. Graphic representation of relationship between tasks.
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Fig. 2. Organigram of the Short-Circuit project.

Project organisation

The organigram (fig. 2) shows the relationship between the Beneficiary (KVL) and project partners and names of key persons who have been working on the project.

Modifications according to initial proposal

The new project partner Solum A/S was formally accepted by the Commission by 16/6 2003. Consequently, a substantial part of the project management effort has been focused on securing Solum A/S´s integration in the project. This was successfully completed through a close coordination effort by Jakob Magid and sub-project manager Morten Brøgger from Solum A/S. For more details regarding the new partner please refer to "Request for additional clause" in appendix Solum-1.

6 Technology

The Short-Circuit project employed a number of different innovative techniques related to waste collection, source separation, and composting. The methods ranged from very simple, but effective, collection devices used by Aarstiderne to collect organic residues from their customers, a relative simple on-farm composting system, a newly developed biogas/composting plant (AIKAN), to state-of the-art computer modelling (Orware) of environmental impact of different waste management strategies.
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Fig. 3. A van from Aarstiderne A/S equipped with a 140 l waste bin for residue collection.

In fig. 3 is shown the solution made by Aarstiderne to transport green residues from their customers (for a collection of photos depicting the operation in details please refer to appendix Aa-Kro-1). This simple solution meets the requirements from the health authorities to separate waste material from fresh grocery. The challenge in this part of the project was not so much to employ advanced technical solutions as a question of optimizing logistics and hygiene and further develop communication with customers who participated in the waste collection scheme.

Aarstiderne have in their part of the project developed a concept of handling organic waste from households, while delivering fresh fruits and vegetables. The concept was adapted to fit an ongoing logistic system. The aim of the technical part was to use simple technical solutions which in the future can be applied to every van driving for Aarstiderne. A simple fitting consisting of a metal plate was mounted on the left rear door of the van. On this fitting an ordinary waste bin with wheels was placed. The container was secured with a string to avoid it from falling off the fitting; in this way the system was ready to carry around organic waste in the streets of Copenhagen. The placement restrains the mobility of the driver to some extent, but it is acceptable, as he still has three doors to operate through. One van was equipped with a waste bin; this van was in the beginning only driving with organic waste 1 day a week, but in the end of the project 3 days a week.

The compost customers were supplied with compostable waste-bags and a 5 l green bucket with a lid to store the waste in. The customers deliver the compostable bags with organic waste in the buckets, hereby avoiding spils and bad odours at deliverance.

To ensure an easy handling of the collection the actions of the collection system is defined as three commodity numbers in Aarstidernes data system. A customer can be enrolled through the homepage by the special Kompostmail or by contacting Customer service or the driver. Then a commodity number for a subscription to the waste collection is linked to his normal subscription for a vegetable box. When he wants new bags or an extra bucket two other commodity numbers are used

The choice of technology used at Krogerup was chosen from the principle of using simple techniques, which is normally present on a farm:

· The bins with the collected waste-bags are being emptied manually. In an up-scaled system, it would be mechanized.

· The mixing of structural materials and the waste is made by a front loader mounted on a tractor.

· In a period a Kombola-composter was used for the pre-composting period.

· The mixing of compost materials is made in a 20-foot container with a cover.

· For putting up windrows and for spreading the compost onto the soil a normal manure spreader is used.

Another important part of the project was to develop a cheap and efficient on-farm composting system allowing the farmer to make high-quality compost that meets EU-regulation. Furthermore, the system should minimize loss of nitrogen from the composting process. The work during the project has resulted in the composting system shown in fig 4 (for a collection of photos depicting the operation of the Hi-Lo system please refer to appendix KVL-1). This HI-LO composting system (short for high temperature, low cost, low emission) was expected to meet the following specifications: temperature should be high enough to allow hygenisation of the compost, and at the same time the system should be inexpensive and manageable using equipment commonly available on farms. As shown in fig. 4 the compost container can be loaded by a tractor with a manure spreader in tow. The double-layered black plastic covering the roof and sides of the composting container function as a heat-exchanger and condenser of hot process-air. The condensate is collected and in this way, ammonia loss from the system is minimised.

The on-farm composting facility at Taastrup was constructed as a closed system in order to allow a high degree of process control, especially regarding time/temperature regimes. The system consists of a 20 ft. container with a roof-cover that functions as a heat exchanger trapping water vapour from the compost and thereby diminishing NH3-loss. The compost is actively aerated, and to ensure a more even distribution of heat in the system hot process air is recirculated through the compost mass by means of a ventilator. The system also include a data collection system that is used to monitor measurements form 14 temperature probes placed in the compost matrix, exhaust air, inlet air, between the plastic sheets of the heat exchanger etc. Based on these temperature data it was possible to calculate the systems energy balance.

The experiments in the full-scale Hi-Lo composting system were supported by other experiments done using KVL´s lab-scale composting. This system consists of six 10 l reactors insulated with polyurethane foam. Each reactor has a lid at the top for sampling. The process-temperature is controlled by heating (with an electrical heating element) or cooling (with a fan) the process-air that is re-circulated through the compost by a diaphragm air pump. Fresh air is pumped into the reactor by another diaphragm pump. This set-up makes it possible independently to control composting temperature and oxygen status in the reactor. To avoid large oxygen- and temperature gradients in the reactors the ratio of recirculation air to fresh air is always kept above 15:1. An electronic flow transmitter placed at the inlet measures the flow of fresh air into the reactor. The temperature of the compost is measured using a Pt100 temperature probe placed in the middle of the reactor. The outlet air stream is multiplexed through a number of valves to a gas-analyser measuring oxygen and carbon dioxide concentrations. A PC with process-control and data acquisition software (Genesis() controls the inlet air pump, the heater element, the cooling fan and the multiplexer. Every ten minutes compost temperatures, the inlet-flow of fresh air as well as data from the gas-analyser are logged simultaneously.


[image: image5]
Fig. 4. The HI-LO on-farm composting system at KVL´s experimental farm. The container is feed using a manure spreader manoeuvred into the container by a tractor.

The third system for waste treatment consists of a high-tech combined biogas production- and composting plant (fig. 5). Photos of the AIKAN-plant can be found in appendix Solum-2. The AIKAN-plant has been established by Solum A/S in collaboration with a number of local municipalities. The plant will eventually include a pre-treatment and a post treatment unit for screening for impurities. The technology utilizes biowaste (organic MSW) initially for biogas production and subsequently to produce compost with high process control and sanitation according to EU regulation. An important novel feature of the plant is that biogas production and subsequent composting of the waste material takes place in the same facility. In this way, part of the waste materials energy content is utilised and at the same time the end-product is stable compost better suited for soil application than biogas residues. Simultaneously with the technical development of the plant there has been an effort by Solum A/S to improve source separation and increase the amount of waste collected in the municipalities who participate in the project. Solum A/S is not responsible for the waste collection. That is carried out according to the individual municipality’s waste management plans and by local transportation companies. Thus basically Solum A/S has focused on increasing public awareness related to the AIKAN-plant and the environmentally sound waste treatment.
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Fig. 5. Solum´s AIKAN-plant near Holbæk. Each 600 m3 compartment is used for biogas production followed by composting of the degassed material.

To evaluate the environmental impact of implementing these systems a part of the project funding was allocated to systems analysis and modelling. KTH has developed the ORWARE waste management model to quantify environmental consequences of employing different waste management strategies. A main part of the work by KTH was to fit the ORWARE model to the above mentioned three different waste collection and composting systems.

The core of ORWARE is a substance flow analyses in the Computer program Matlab. In the program the emissions are multiplied with characterisation indicators and the potential environmental impact are assessed. After that the result is transferred to excel for a graphic presentation. In Life Cycle Assessment there is usually one functional unit that the mass balance and the result are related to, for example 1 ton waste. Waste system can produce different functions as biogas, electricity etc, the original ORWARE calculated with many functional units. So every scenario has the same functions x MJ Heat, y MJ electricity, z ton produced phosphor etc. The variables x, y, z are calculated in a simulation as the maximum value from the highest scenarios. Orware use system boundary expansion to make the scenarios comparable. Orware use a complementary system to calculate functions that the core system did not produce. This complementary system consists of Life Cycle Inventory data for standard production of the functions. The model includes different sub-models for collecting, transports, waste treatment systems, landfill and spreading to soil. In this study the ORWARE model has been developed by introducing new sub-models and there has also been made changes in the model to make it possible to put in measured key-parameters from the systems and combined them with literature data.

7. Results
7.1. Activities and Output

In general, the technical development of the project went according to plans without major difficulties. Aarstiderne designed a method to carry waste bins on the outside of their vans. The waste from Aarstiderne proved to be of very high quality, and as a result high quality compost was produced at Krogerup by a simple windrow composting system. The on-farm Hi-Lo system allowed for a high degree of process control keeping temperatures high and emissions low during composting. Likewise, the AIKAN pilot system meets specifications and full-scale operation was initiated during the project period. A database was constructed and used in connection with systems analysis with the ORWARE-model, and sub-models were constructed according to specification from the project partners. Thus, the technical basis of all systems in the project came in place, and the systems generated data according to plans.

7.1.1. Task 1. Project management and reporting to the EU

The project manager Jakob Magid was in regular contact with representatives of the project partners during the entire project period. This goes for Jacob Møller and Lasse Dam Rasmussen from KVL as well. Jacob Møller has kept close contact with Aarstiderne´s representative Svend Daverkosen and accompanied him at several occasions to Krogerup farm. The purpose of these visits was to discuss project details with the sub project manager and to participate in analysis of the collected waste. To discuss database construction and the planned modification of the ORWARE model as well as the results of the modelling Jacob Møller visited Otto During at KTH in Stockholm in November 2003 and in September 2005.

Jakob Magid invited relevant persons to join the steering committee for the project meeting schedules for December 2003, but held January 6th instead. The steering committee includes persons with background in ecological agriculture, private enterprise and environmental authorities. Representatives from the Beneficiary and project partners also join the steering committee. In connection with the meeting a workshop on attitudes towards use of compost from organic waste was held (a report from the workshop is presented in appendix KVL-2). After the meeting Otto During from KTH was accompanied by Jacob Møller and Lasse Dam Rasmussen, KVL and Morten Brøgger and Morten Carlsbæk, Solum A/S on a field-trip to the Hi-Lo composting system at Taastrup and the AIKAN system at Holbæk. This trip also included a meeting at Solum to discuss collaboration to improve the ORWARE waste management model to be able to accommodate the new AIKAN system.

An important task for Jakob Magid was to ensure integration of the new partner (formally accepted by the Commission by 16 of June 2003) Solum A/S in the project. This was successfully completed due to numerous contacts between Jakob Magid and sub-project manager Morten Brøgger from Solum A/S

The project management has previously submitted the following reports to the Commission: a first progress report covering the period 1 of December 2003 to 30 of June 2003, a second progress report covering the period from 1 of July 2003 to 31 of January 2004, an Interim report – technical as well as financial - covering the period up to 31 of July 2004 and a third progress report covering the period 1 of August 2004 to 31 of May 2005.

7.1.2. Task 2.1. Collection of organic residues from box scheme business

To collect organic waste from the customers of Aarstiderne it was necessary to develop a system especially adapted to the distribution system of Aarstiderne. To do that, a simple system using existing materials was designed. The system included installation of a waste bin was on one of Aarstiderne’s vans and distribution of compostable bags and buckets for the handling of the waste to the customers.

In the original project application collection was planned for 10 weeks á year for three years with approx. 1,300 customers. Four vans were planned to participate one day a week during the campaign weeks. During the project period the strategy was changed to an ongoing collection with one van. Hereby the customers were offered to participate in the collection for a longer unbroken period. On the main route at Østerbro in Copenhagen the collection was made (and is still taking place) for 76 weeks and was offered to 320 customers. Extra areas were involved for 24 weeks. In this period 850 customers were offered to join the waste collection scheme. In all, customers receiving 20,000 vegetable boxes during the project period have been offered to join the collection scheme. From these customers organic waste were collected at 6,600 occasions and transported to Krogerup for composting. In other words, the participation of the customers in this fully voluntary scheme was on average 33%. More than 10 tons of waste has been collected. By making campaigns consisting of detailed information about the project, the participation rose to over 40%. Campaigns consisting of dealing out buckets and bags for non-collectors on the route together with detailed description of the status and possibilities of the collection were made from week 3 to 20 in 2005. The participation in the collection scheme rose significantly. During collection spot tests were made to measure the amount of the collected waste. The spot tests showed a rise in delivered waste per customer during the period. In the beginning at the Østerbro-route each customer delivered 1.1 kg. This amount rose to 1.27 kg (the number used in the ORWARE-modelling). The new routes involved during autumn 2005 have bigger flats and more one-family houses than the original route at Østerbro. The last spot tests gave numbers of 1.5 – 1.8 kg waste collected per customer.

A main obstacle in the collection of Aarstiderne has been the approval from the authorities. Before the final project application was submitted to the Commission a number of different public institutions were contacted to find out, which type of control procedures were needed. All contacted institutions pointed out that a collection system for organic waste did not have to be approved before start of the project. During the first week of collecting organic waste (September 2003) the Regional Veterinary and Food Control Authority (RVFCA) contacted Aarstiderne to ensure that Aarstiderne was allowed to collect the organic waste, and that waste collection was conducted in a safe manner. As a consequence, they asked Aarstiderne to develop a self-control programme describing the hygienic procedures in detail. The self-control programme was developed to include hygienic procedures for all personnel as well as materials in contact with the waste. 19.09.03 the RVFCA answered that they didn't know, if they had the authority to permit the collection system. Therefore, they forwarded the case to the Danish Veterinary and Food Administration (DVF). On 16.01.04 DVF decided that RVFCA could handle the case and 23.01.04 RVFCA forbid Aarstiderne to continue the waste collection scheme based on the original self-control programme. By 10.05.04 Aarstiderne had made a new self-control programme (see appendix Aa-Kro-2) and RVFCA immediately responded by allowing Aarstiderne to collect waste from 01.06.04 onwards. 

The second self-control programme included three important changes for the collection system:

1. The person, who delivers the fresh vegetable boxes, cannot at the same point collect the waste bags. The driver must wait until his deliverances are finished and then go through the route again to collect the waste or an extra person must be in the van to take care of the waste collection. Both methods have been used. The problem is that it adds extra costs to the system.

2. The customers were supplied with a small 5 l bucket to store the waste inside the house and to put outside on the collection day. The buckets turned out to be a success because the handling at the collection became better, the deliverance of waste was improved and the problem of customers putting the waste bags in Aarstidernes returnable boxes was diminished.
3. When buckets were made compulsory for delivering waste, it became necessary for the customers to actively enrol in the system to get bags and buckets. This slowed down the participation.
Waste-analyses: During October 2003, September 2004 and June 2005 waste analyses of the collected organic waste were made. The results showed an extremely good grade of sorting. The content of unwanted materials like eggshells, ice cream paper and plastic was 0.5% on a weight basis in the first analysis and less than 0,05% in the two next analyses. The customers were instructed only to collect vegetables and fruit waste, but some material which was outside this category but consisted of acceptable compostable materials like bread lumps and coffee residues slipped through. These categories were 0.8%, 0.7% and 2.3% on a weight basis, respectably. The single item of non-compostable material that outnumbered the others was small company stickers from the fruits made of plastic. As a consequence, Aarstiderne asked their wholesalers of fruit to reduce and in future avoid these stickers on the fruit itself. The number of stickers is already drastically reduced.

The customers of Aarstiderne use e-mail and to a lesser degree telephone to dialogue with the Customer Service of Aarstiderne. By making the collection system a commodity in Aarstidernes system, it became natural to the customers to contact Customer Service with questions regarding the collection system like they do, e.g. when a cucumber is bad or the vegetable box does not arrive on schedule. One person in Customer Service was designated to be the central person for questions regarding the collection. The driver on the collection routes fill out a report noting irregularities and the participation by the enrolled customers. This makes it possible to sort out passive collectors. The person responsible for customer service spots enrolled customers, who haven’t delivered waste for six deliverances and send an email to ask them if they want to continue or quit. In this way the passive collectors are taken out of the system to decrease the time the driver uses to look for waste, which is not delivered.

Aarstiderne has build up an e-mail survey system, which makes it possible to survey the wishes and opinions of the customers with a minimum of disturbance, because it is done by email and demands very few minutes from the customers. This instrument was used to investigate the experiences of the collectors with the collecting system. In autumn 2005, after more than 1 year of collection at the main route at Østerbro, an email survey was sent to the customers. The new routes involved during autumn 2005 got the survey in February 2006. The main conclusions of the survey were:

* The collectors had high enthusiasm about collecting – “It felt good”

* A majority of the costumers collected for environmental reasons.

* The information about the project was good, but they still wanted to know more about it.

* The common problems were to keep the bags unbroken, the buckets were too small and some had problems with bad odours.

* The main obstacle for customers to participate was to long time between their deliverances (typically 2-4 weeks).

The results of the survey were used to intensify the help from Customer Service, the Kompostmail and the driver to instruct about solutions against broken bags, odours and too small buckets. The solutions given during the project included:

* Avoid keeping the waste to warm.

* If the bag breaks, use an extra bag to keep it in.

* Customers who experienced that the bucket was too small got an extra bucket. It was considered to offer a bigger bucket to the costumers, but it has not been tried out yet.

The interesting point here is that the wish to carry on with collecting by the customers has been very high. So in most cases when the customers asked for advice it was easy to solve the problem. This shows that general instructions have to be followed up by a possibility for individual instructions for the customers because there is a certain part of the customers, who needs to be helped individually. This phenomenon is well known by Aarstiderne, which in fact have built up a business on this special attitude to their customers.

7.1.3. Task 2.2. On-farm composting at Krogerup farm of organic residues from box scheme business
At Krogerup Avlsgaard spring 2003 was used to try out different ways of handling composts. The trials were made with vegetable waste from the farm shop. In the first trial different materials for composting in the windrow were put in separate layers. It turned out not to give a satisfactory mixing of the materials. Working with straw, hay, silage and vegetable waste means working with materials of very different structure. The solution showed to be mixing of the materials in the manure spreader: The manure spreader was able to mix the materials and at the same time giving a good aeration – therefore this method was chosen.

The first waste material arrived from the collection scheme of Aarstiderne during week 38 and 39, 2003 and was mixed using the manure spreader. The mixture consisted of 130 kg of waste in waste bags from the collection route, 400 l of vegetable waste from the farm shop, 400 kg of straw and 50 kg of deep litter from horse manure. The mixed material was put in a windrow using the manure spreader. The first weeks the temperature in the pile exceeded 45 degrees. The windrow was turned three times during the winter. The later turnings gave only temperature peaks between 30 and 40 degrees. By spring the compost was spread on the fields and ploughed under. By the time of spreading very few of the compostable bags and a few vegetables were still recognisable, but the major part of the material was fully decomposed. As the windrow was relatively small and the surface-to-volume ratio therefore was high, the results regarding composting temperatures and decomposition were satisfactory.

This method of composting was continued with the waste of the farm shop through the next year until the collection system of Aarstiderne produced new material to work with from week 36, 2004 on. Following a visit from the local technical authority the municipality decided that the composting system, because it received materials from outside the farm, had to follow the same regulations as a waste treatment company. Therefore, the composting operation was subjected to two restrictions: First the mixing of materials should take place on an impermeable surface and secondly an analysis from a laboratory should assure a dry-matter content of min. 30% of the finished compost before field application.

Due to these restrictions it was decided to mix the composts in a container with a removable cover. This increased the ability to manipulate the compost in wintertime. The first weeks of mixing the material and composting in the containers went well, but then the composting process slowed down. After working with the problem for some months, we experienced that the mixing and aeration of the material in the wintertime was insufficient, because the walls of the container restricted the movement of the front loader. Another problem was that part of the waste material had already been going through the initial stages of composting. To improve the composting process, more chopped structural materials, that mix and aerate better, were being used and more attention was paid to the mixing process to secure proper aeration of the material. Addition of more structural materials also had the effect that the dry matter (DM) content of the compost increased. In the end of a composting period samples were taken out of the compost to determine DM content. The first pile from autumn 2003 showed a DM content of 33% and in the first part of 2004 DM contents ranged from 17-29%. The above mentioned changes in composting procedures had the result, that the later piles had DM content of 28-42 %.

To test the compost techniques used at Krogerup, some of the compostable bags with collected waste was brought to the sister farm of Krogerup called Barritskov, where the packing of the vegetable boxes of Aarstiderne is done. This gave two tonnes of vegetable waste a week, which was put in windrows once a week together with straw, hay and a little horse manure. The materials were placed on the ground in layers and then mixed with a front loader. Within the first couple of days the temperature was always in the range of 50-65 degrees. The compostable bags were added and were completely decomposed after two weeks of composting. This shows that the size of the windrow is a very important factor when composting waste. The compostable bags were non-recognisable after 2-4 weeks by this method. So the results of composting at Krogerup were restricted by the amounts of material that has been available for composting.

7.1.4. Task 3. On-farm composting of faeces sludge and source separated organic household waste, and subsequent examination of agronomic effects

The main effort was to construct and test the on-farm composting system according to the plans in the project application. The system has gone through extensive testing and a number of batches of compost have been produced in the process. Simultaneously, composting trials were done using the lab-scale composting facility at KVL especially to investigate faeces as feedstock, but also to determine survival of pathogenic micro-organisms during composing. Parallel with the work on the composting systems agronomical trials with compost of household waste were conducted at the experimental farm in Taastrup.

The Hi-Lo system consists of a 20-feet container covered by a roof that doubles as a heat exchanger. Aeration is provided by a ventilator and the air is distributed through the composting material by perforated tubes at the floor. The specification of the composting system was made to comply with EU regulation on composting systems, i.e. all the material should be heated to at least 70 °C for at least one hour. Furthermore, the system should minimize N-emissions during composting and should be relatively cheap to construct, hence the name "Hi-Lo" composting system (High temperature, low emission, low cost). The composting experiments were conducted using a feedstock of source separated household waste mixed with rape straw and other farm residues. The first tests in the Hi-Lo system showed temperatures above 70°C in the centre of the composting material, but along the sides of the container maximum temperatures were around 63°C. The next series of experiments therefore focused on optimization of the composting process in order to get the temperature above 70°C in the entire mass, e.g. by a better aeration scheme, by recycling of process water to prevent drying-out of the compost and by altering the mixing ratio of the feedstock. The process conditions and temperature development during a representative optimised composting run were as follows: The feedstock was a mixture of source separated household waste, farm yard manure, and rape straw. In total, the temperature was measured at 14 different locations and logged by a computer every minute, but the most important measurements were the temperatures at the hottest and coolest position, i.e. in the middle of the compost and at the surface of the composting container, as well as the temperature in the recycled process air. The temperature in the middle of the compost exceeded 70 °C for a total of approx. five days, and the material in this way complied with EU regulations (at least one hour treatment at minimum 70 °C to secure a sanitised product). The material adjacent to the surface of the container, i.e. the coolest part, did not reach 70 °C, but even at this position a maximum temperature of 62 °C was measured and the temperature exceeded 60 °C for more than 24 hours in total.

It proved difficult to obtain substantial quantities of faeces so the use of this type of feed stock was abandoned in the full-scale system, but faeces was used as feedstock in lab-scale experiments at KVL’s composting laboratory to determine best practice of composting household waste and faeces. A pilot experiment showed N-emission to be highly dependent on mixing ratio of the feedstock. This was investigated in more depth in lab experiments during the rest of the project period. Experiments were set-up with human faeces, organic household waste and rape straw mixed to C/N- ratio between 18 and 49. These mixes were composted in the lab reactors and ammonia-loss, condensate-pH, temperature, CO2 and O2 were observed during the experiment. Furthermore the content of C, total-N, dry-matter, ash and pH of human faeces, organic household waste, rape straw and the finished composts were analysed. The main conclusions were: The nitrogen losses were in general small (0,04% - 6,76%). This was possibly due to the relatively little degradation of organic matter (4,8% - 36,1%). An exponential relationship between the absolute content of nitrogen and the relative loss of nitrogen was demonstrated with significance at the 95% level, i. e. the lower the C/N-relationship the greater relative nitrogen loss was observed. About 87% of the nitrogen lost was emitted as ammonia. The emission of ammonia started right after pH had reached the alkaline area. Ammonia emission was at its highest under the thermophile phase of composting.

Following a number of pilot experiments, the survival of the indicator organisms termotolerant coliforms, Salmonella Senftenberg, Salmonella phage 28 B, and enterococci was investigated at temperatures from 50-65 (C. Curves of survival were calculated for the microorganisms as a function of exposure time at the different temperatures investigated. Based on the curves of survival, the times needed for a 4-log reduction in numbers were calculated. Similar calculations have been used in previous investigations assessing the effect of different sanitation measures. The results show that these organisms are very susceptible to heat generated by the composting process even below 70 °C. Consequently, the temperatures reached in the coolest part of the material in the HI-LO composting system would have killed most of the undesired micro-organisms.

Three plots with barley was fertilised using compost in 2003, 2004 and again in 2005. Samples of the crops was collected and analysis of nitrogen content (and other parameters) in grain and straw conducted. The main results were that composted household waste only has a limited mineral fertilizer first-year replacement value. As these experiments progresses beyond the project period, it will become clearer to what extent the yearly application of compost to soil will build soil organic matter and increasing the long-term residual effect and thereby compensating for the lower immediate fertilizing value.

For a more detailed report of the results please refer to appendix KVL-3.

7.1.5. Task 4. Community involved composting of source separated household waste in Kgs. Enghave district, Ballerup and Holbæk municipalities

The most important milestone, i.e., the construction of the AIKAN plant in working order was reached slightly ahead of schedule.
The AIKAN facility (please refer to appendix Solum-3 for a construction plan) has been constructed, so far capable of treating 6,000 ton of source separated household waste per year and approximately 2,000 ton of wood chips from gardens and parks per year. According to plans the plant has been further developed in the first half of 2004. The plant has been equipped with a different system for heating and collection of process liquid, the reception hall for waste has been made functional and five more process modules has been started. Two new front loaders have been bought to meet the requirements of growing amounts of waste. It was planned to further develop the plant but no real changes are now being considered necessary. Permanent storage capacity was build in the end of 2005. Video surveillance etc. has not yet been established, but this will happen as soon as the permanent position of reception areas within the reception hall is determined and the telephone company can deliver a sufficiently fast line at a reasonable price. Until then a description with pictures are found on the Solum webpage.

Permission has been granted by the local authorities of Vest-Sjælland to treat up to 25,000 ton of source separated household waste and approximately 10,000 ton of wood chips from gardens and parks. At present nine municipalities in the north western part of Sjælland have some kind of source separation and deliver waste for the facility. The Kgs. Enghave district is source separating and delivering waste for the facility too, whereas housing areas with source separation in Ballerup municipality has not yet been established.

In August and September 2003 information meetings have been held with municipal authorities, local representatives of the cooperative housing societies and some of the residents of Kgs. Enghave. The situation in the municipalities of north western Sjælland differs greatly from Kgs. Enghave, due to the fact that source separation has already been implemented in Kgs. Enghave but without much success in recent years. Therefore, a campaign was designed to improve the quality of source separation in these areas. The campaign was adopted as part of the Short-Circuit activities even though only personnel costs were needed from Solum as the external costs were covered by the local waste management company.

Results from the campaign where, however, very much relevant to the Short-Circuit project. Solum participated in all planning and performance of the campaign and collected results. The campaign gave increased amount of waste, but quality was not improved significantly as expected. Therefore, a draft survey of the collection and transport was established showing that some of the waste was actually satisfactory whereas apparently transportation companies did not respect separation of waste streams.

For a more detailed description of the results from the AIKAN-plant please refer to appendix Solum-4.

7.1.6. Task 5.1. Monitoring and validation of source separation and composting

Measurements and sampling were done on all systems in accordance with the milestone set-up in the project application. 

Samples of the starting material and of finished compost from the different batches of compost produced by the Hi-Lo system was collected and stored frozen until analysed chemically. For a full description of the measurements please refer to appendix KVL-3. 

Compost has been produced and analysed from the AIKAN facility (please refer to appendix Solum-5 for details). The compost quality was in general good and impurities, heavy metal and unwanted organic substances were under the limit values given by the Danish EPA. Temperature measurements were conducted on all systems with good results. Green house gas measurements were performed on the HI-Lo and AIKAN system during the project period.

Finished compost from Krogerup farm was analysed for water content and other parameters. In connection with sampling the waste was analysed for visual impurities and found to be of very high quality. The biodegradable bags supplied to the customers by Aarstiderne were not destroyed by collection and transportation, but they were easy to break up prior to composting at Krogerup. The impurities, which was unacceptable (egg shells, plastic stickers and residues from meat dishes) were very scarce. Other acceptable non-asked-for but compostable articles appeared more often but still in very small quantities.

.

7.1.7. Task 5.2. Optimisation of source separation and composting

Various lab tests to determine optimum values of process parameters for the Hi-Lo composting system were conducted and changes to the system imployed accordingly. Aarstiderne concentrated their effort on optimizing the collection system and the source separation based on feed-back from the participants in the collection scheme. At Krogerup the collected waste material was supplemented with green waste from the farm shop to improve composting. Improving source separation as well as optimization of process control was the focus of Solum´s effort under this task heading. External assistance was in particular used to improve technical solutions that help making the performance of the plant better. Much of the optimisation effort is described in detail under the heading of the different tasks and is, therefore, not repeated here.

Due to delays in connection with Aarstidernes waste collection (permission to continue waste collection scheme granted 10.04.2004) and the late, but successful incorporation of Solum A/S as new partner in the project, the scheduled plan for optimization of source separation and composting covering the whole project was not put together. As described above and under the different tasks each project partner optimized the processes during the implementation of their respective tasks and in this respect optimization plans were in effect for each partner during the project period. It is believed that the project will have an afterlife impact on the cooperation among partners and subsequently integration of the optimization efforts.

7.1.8. Task 6. Systems analysis using the ORWARE waste management model

The database for modelling the three systems was constructed and this constituted the first deliverable of the system analysis task according to plans. During the following period KTH further developed the database and discussed the priority of the parameters that were measured in the different systems. At a meeting in Copenhagen with all participants of the project, the different composting systems were discussed and the project participants visited the site with the Hi-Lo composting system at Taastrup and the AIKAN plant near Holbæk.

Three ORWARE sub-models were created for the three different types of composting-systems that are implemented in the project. At this stage KTH looked at models
that describe the functional outputs from the systems. There are different types of waste
in the different models and the composting systems were designed for these special types of
waste. The results from the models were therefore compared with other types of waste treatments who are suitable for the special types of waste. The three models describe:

· Collecting vegetable waste by Aarstiderne and subsequent composting and
recycling nutrients at Krogerup

· Reactor compost of organic urban waste using the Hi-Lo system at KVL

· Composting and anaerobic digestion of organic waste from Copenhagen by Solum

At a meeting at Solum A/S the project participants discussed the soil sub-model in the ORWARE system tool at present used at KTH. The possibility to supplement the ORWARE model by using the model tool DAISY developed by KVL was discussed and subsequently decided upon. By doing this, it is possible to describe how carbon and nitrogen will behave in the soil when composted material is added.. This problem was not addressed previously in the ORWARE model, and by coupling of QRWARE and DAISY this had a synergistic effect on both models.

The sub-models contain four main process blocks: a waste block that define the composition and the amount of the waste, a composting block that define the function of the compost system in terms of emissions to air, degradation of the waste and energy consumption. A transport block calculates possible emissions and fuel consumption if composted wastes are transported to another farm. The spreading and nutrient to soil block calculate emissions, energy consumption and the contribution of nutrients to soil. The environmental impact of the systems was divided into four major categories: Eutrophication Potential (EP), Global Warming Potential GWP), Acidification Potential (AP) and Photochemical, Ozone Creation Potential (POCP). Ecotoxicological impact, e.g. dioxin formation, was not included in the analysis. 

The Aarstiderne/Krogerup system

Environmental performance for Aarstiderne, collecting of vegetables and composting at Krogerup Eco farm today, are compared with a future scenario with higher density of customers delivering waste and an incineration scenario which is the alternative today.

The environmental impact for the collecting systems was proportional to the energy consumption. A garbage truck collecting waste and delivering the waste to the incineration plant at a distance of 12 km have an energy consumption of 315 MJ/ ton. Aarstiderne colleting and delivering vegetables to Krogerup farm at a distance of 37 km have an energy consumption of 227 MJ/ton which is 72 % of the environmental impact from the conventional system. In the future system with a higher density of customers the collecting trip will be 12.5 km and the energy consumption 206 MJ (65% of conventional system). It is clear that Aarstidernes collecting system have a lower impact than the conventional system. The whole Aarstiderne/Krogerup system today including collection, composting and spreading to soil has a lower impact on Eutrophication Potential (EP) compared to the incineration scenario. Global Warming Potential GWP) is similar and the Acidification Potential (AP) and Photochemical, Ozone Creation Potential (POCP) are higher for Aarstiderne system. Aarstiderne system today recycles 0.24 kg Nitrogen, 0.45 kg Phosphor and 4.5 kg Potassium to soil per ton collected waste. The total diesel consumption for Aarstiderne system today is 300 MJ. The incineration scenario produces 558 MJ heat and consume 125 MJ electricity and 317 MJ diesel /ton waste.

The result is very sensitive to dry matter content. Low dry matter content will make the composting system more advantageous. If DM is below 15.5% the Aarstiderne system is better concerning EP and GWP. For DM below 12.5% even POCP is better and for DM below 9% all the studied environmental impact categories have lover potential impact for the composting scenario. If there is no use of heat the composting alternative is much better than incineration. The impact from incineration will increase with 350% for GWP, 66% for AP and 107% for POCP. Using 50 % of heat the impact will instead increase with 175 % for GWP, 33 % for AP and 53% for POCP. Even with 50 % use of  heat the compost scenario has much lower environmental impact. The data used for estimation of avoided emissions according to substituted production of heat have a big influence on the result. If for example average data from Swedish heat production are used the compost scenario has much lower impact to the environment than the incineration alternative. This implies that the specific local alternative today or planned heat production is very important in choosing the best treatment alternative for vegetables. The GWP for Aarstiderne system today will increase with 117 % if a time perspective of 100 year will be used instead of 30 year. In this case the standard incineration alternative has a much lower impact on GWP than the composting systems.

Principles for local small scale vegetable waste management

1.
Good source separation.

2.
Allocation of environmental impact to other functions.

3.
Get rid of the “burden” (waste) quickly. Minimize the distance for collection.

Hi-Lo on-farm composting system

Regarding the HI-Lo on-farm composting system all full scale test had higher impact on GWP, AP, AP and POCP than the incineration scenario when using literature data on nitrogen emission. Measured data on nitrogen emissions from the full-scale tests were much lower than that. If these data are representative for the HI-LO system the acidification and eutrophication potential from the compost are eliminated due to the low ammonia emission (0.6% of total Nitrogen input to the compost). The full-scale tests recycle 0.8-1.2 kg nitrogen, 1.0-1.4 kg phosphorous 1.2-5.4 kg potassium and 15-25 kg carbon to soil / ton waste. The full-scale tests recycle 0.8-1.2 kg Nitrogen, 1.0-1.4 kg Phosphorous 1.2-5.4 kg Potassium and 15-25 kg carbon to soil/ton waste. The energy consumption was 54 MJ Electricity and 160-420 MJ diesel. The good environmental performance for the incineration scenario depends to a large amount on the produced electricity and heat. As for the Aarstiderne/Krogerup system there was a point near 15.5 % DM and below where the compost system had less GWP than the incineration scenario.

AIKAN-system

The AIKAN scenarios have higher environmental impact than the incineration scenario in the basic scenarios. The difference between the scenarios is not very big except for a high POCP and AP in the Aikan scenarios mostly caused by the gas engine for utilising the methane gas. Electricity production is 40 % higher in the Aikan scenarios than the incineration scenario. The heat production is 40 % lower for the Aikan scenarios. Diesel consumption is lowest for the Aikan future scenario. Nutrient production for Aikan scenarios is 1.4 kg Nitrogen, 1.2 kg Phosphorous and 3.0 kg Potassium /ton organic waste. The difference between the Aikan scenarios is that there is more diesel used in the scenario with a high amount of impurities (Aikan today) for separation and transports of impurities. If the impact from the structure material in the Aikan process is added to the result the energy and nutrient production increase with about 15 % . GWP is lower for the Aikan scenarios if structure material is included. If there is no use of heat the Aikan alternatives is much better concerning GWP than incineration and there is not so big advantage in AP for incineration. High emissions from standard production of electricity production and low emissions from 

heat production make AIKAN better than incineration concerning GWP and AP. For low DM the Aikan process is better than incineration. The basic Aikan today scenario has lower GWP than incineration for DM below 22%. To reduce the emissions from the gas engine is the most effective way to reduce POCP (CO emission is most important) and AP (NOx emission is most important) for AIKAN. It is very important to have a good function on the bio filter at AIKAN to avoid high AP. The main reason for lover EP for the incineration scenario is that slag is used in road constructions. If slag not are used in road constructions or we assume that the phosphor in the slag will drain out from the road, the AIKAN scenarios have much lower impact. If the compost from AIKAN is combusted GWP, AP and POCP will decrease.

For all systems it was very important what data was used for estimation of avoided emissions according to substituted production of heat. If for example average data from Swedish heat production are used the compost scenario of the Aarstiderne/Krogerup system had much lower impact to the environment than the incineration alternative. This implies that the specific local alternative or planned heat production is very important when choosing the best treatment alternative.

A detailed report on the results of the modelling task is shown in appendix KTH-1.

A short description of the limitations of using LCA-analysis to quantify environmental impact can be found in appendix Solum-6.

7.2. Consequences on the whole project from the problems and delays encountered

The only serious problems - that luckily were solved - were in connection with task 2.1 " Collection of organic residues from box scheme business". As stipulated in the project application one of the objectives was to establish a system of collecting vegetable waste, which could be approved by the Danish authorities according to hygiene and worker protection regulation. Consequently, an application for permission to do the collection of vegetable waste by the vans of Aarstiderne was sent to the local authorities, i.e., the Regional Veterinary and Food Control Authority (RVFCA). The authorities wanted Aarstiderne to develop a so called "self control-programme" to be able to evaluate the system in details. This was done regarding all steps of the collection and transportation procedure (please refer to appendix Aa-Kro-2 for a copy of the revised self-control programme). The local authorities did the 24 of September forward the case to the Danish Veterinary and Food Administration (DVF) for a principal decision of whether the local department was able to take care of this case. The Directorate answered the 16 of January 2004, that there were no principal questions involved, so the local department could handle the case, and dating from 10 of June 2004 RVFCA granted permission to continue the vegetable waste collection by Aarstiderne.

Only minor problems have been encountered for the other tasks in the project. In task 3 "On-farm composting of faeces sludge and source separated organic household waste and subsequent examination of agronomic effects" it proved to be impossible to secure substantial amounts of faeces to be able to feed the HI-Lo system with this type of feed stock. Eventually, faeces composting was restricted to KVL´s lab composting system.
In task 4 "Community composting of source separated household waste in Kgs. Enghave district, Ballerup and Holbæk municipalities" personnel costs and investments were greater than foreseen, but this had no influence on the project since Solum covered these expenses from outside the Short-Circuit economical frame. Involvement of areas in Ballerup was delayed, but an effort was done to involve areas in Roskilde Municipality too in order to have as many different housing areas as possible involved.

In conclusion, the problems and delays encountered in connection with the various tasks were considered to have only minor implication for the implementation of the project as a hole. The project, therefore, has been carried out with minor alterations, but the original objectives have been met anyhow.

8. Dissemination activities and deliverables

8.1. Dissemination Plan

The dissemination activities included establishing a project homepage, frequent open-house arrangements showing the composting facilities as well as crop production held at the farms. Information were given in the customer newsletter of the box scheme e-business Aarstiderne (at present 17,000 numbers printed) as well as the other partner's newsletters. Publishing of papers in popular and scientific journals and oral presentations at technical meetings and popular courses were also included in the dissemination effort.

The dissemination of results including demonstration of on-going experiments was the responsibility of KVL with active participation of the other project partners. The main target groups was identified as the approx. 11,400 directly involved households, the public outside the project incl. min. 20,000 visitors at farms/plants per year, municipal and other waste management authorities/entrepreneurs, the National Organisation of Local Authorities in Denmark, twinning municipalities of Copenhagen, Fredensborg-Humlebæk and Taastrup, waste planners and consultants, farmers, including farmers in the Danish Association of Ecological Farmers, researchers, the media: national, international, technical, scientific and popular journals, journalists at newspapers and radio/TV.

Specifically, the following key events were included in the dissemination plan - from local to Community level - and the following targets was set up: min. 2 meetings with involved households held locally at Østerbro, Holbæk and Munksøgaard, min. 3 appearances on national radio, min. one appearance on national TV, one international conference for policy makers, waste managers planners, consultants and researchers, min. 3 papers published in international journals.

8.2. Activities and Output

8.2.1. Task 2.1. Collection of organic residues from box scheme business

From the beginning of the project period Aarstiderne homepage has on regular basis contained information regarding the Short-Circuit project (please refer to appendix Aa-Kro-3). Specific communication between customers willing to participate in the project has also occurred. From week 36, 2003 the general description of SHORT-CIRCUIT at the homepage of Aarstiderne was supplied with description of the specific system, collection area, terms of deliverance etc. The communication included: a letter for all customers at the chosen route telling about the system, a. letter for all customers at the chosen route telling about usage of the biodegradable plastic-bags and demands for waste material in week 38 and 39, and a letter for all customers in week 40, that Aarstiderne temporarily had to stop the system until the correct permissions was achieved.

The list of deliverables is as follows (appendix Aa-Kro-3):

Dec. 2002: Informing all customers of Aarstiderne through newsletter and Homepage about joining the SHORT-CIRCUIT project.

Week 36-2003: Newsletter for all customers telling about the project. 

Week 35-38-2003: Special letter for customers at the selected route for inviting them to join the system. Detailed description of project at homepage.

Week 34, 2003: Installing an e-mail-address "kompost@aarstiderne.com" for communication only about waste deliverances (42 customers used the e-mail in September and October 2003 for asking questions about waste separation, use of plastic bags, collection methods and other subjects).

Week 40, 2003: Flyer for customers at the selected route telling that the collection had to stop for a period due to lack of permission from authorities.

Week 32, 2004: Letter to 320 active customers at the selected route with invitation to join the reopened scheme of collection of green waste.

Week 34, 2004: Flyer to all customers at the selected route with invitation to join the reopened waste collection scheme.

Week 35, 2004: The reopening of collecting announced at Aarstiderness homepage

Week 34, 2004: The reopening of collecting announced in Aarstidernes newsletter

Week 40, 2004: Skrælleposten delivered to all customers in collection area with information about the systems status and waste analysis

From week 41, 2004 and ongoing: Failure-letter delivered to customers, that had to adjust their ways of handling the waste.

January – March, 2005: Campaign letter on the route with bags and a bucket for non-collectors inviting them to join

May 2005: Article in Økologisk Jordbrug about the collection- and composting system of Aarstiderne/krogerup

September 2005: Inviting new routes with 450 customers to participate in the collection system

November 2005: Email-survey for all customers at Østerbro

January 2005: 
Email-survey for customers at the new routes

February 2006: Open-house arrangement at Krogerup for the collectors of green waste.

8.2.2. Task 2.2. On-farm composting at Krogerup farm of organic residues from box scheme business

During the project the information to the public about the project at Krogerup Avlsgaard has been going on by demonstrating the composting to the many visitors, who visits the farm on guided tours, posters have been telling about the project, the projects have been shown for guests at the market events and a special demonstration day for the collectors was ending the project 

· Demonstrations of the collection- and composting system for groups visiting

· Posters hanging at Krogerup for passive reading and for groups

· Exhibition at Økologisk Markedsdag at Østerbro August 2005

· Exhibition at the harvest market – september 2005.

· Posters hanging at Barritskov for the visitors and groups

· Exhibition at the winter marked at Barritskov

· Demonstration day for customers at the collection routes. 

8.2.3. Task 3. On-farm composting of faeces sludge and source separated organic household waste, and subsequent examination of agronomic effects

During the project period a number of people including students at KVL have visited the on-farm composting facility at the experimental farm at Taastrup. Among the important dissemination events has been an interview given by prof. Jakob Magid on the topic of recirculation to the Danish radio programme "Miljømagasinet" on 21 of March 2003 demonstrating that the project, and the ideas behind it, were generating interest among waste managers and the media as well.

The deliverables include four manuscripts accepted for publication in scientific journals and further 10 manuscripts submitted to journals or in preparation, four reports on various aspects of composting, five poster and three oral presentations at scientific conferences, one television appearance and a number of radio appearances, four newspaper articles and three articles in popular journals.

For a full list of publications please refer to appendix KVL-4.

8.2.4. Task 4. Community involved composting of source separated household waste from Kgs. Enghave district, Ballerup and Holbæk municipalities
Although the results of the Short Circuit project are not yet available dissemination of the new AIKAN facility has already been executed. During the source separation campaign brochures where delivered door to door, the local television and newspapers were reporting from the events. Solum A/S has been given the national innovative honour price for the AIKAN Concept by the National Danish Waste Association at their annual general assembly. In 2004 the general environmental performance was reported according to an agreement with the Danish EPA. Solum A/S has launched a new homepage system which allows more frequent updates than the old system. Within the next month Short Circuit project will be presented being the citizen’s entrance point.

The deliverables include (appendix Solum-7):

A DVD presentation of the AIKAN facility in English and Danish has been created to be delivered to public and private partners. The idea is that municipalities considering starting source separation must be capable of understanding the treatment. A short version of DVD will be available on the Short Circuit website of Solum Gruppen. 

A brochure communicating the functionalities and the energy efficiency of the AIKAN system was distributed through the media of the Local Government Denmark with the specific target group of decision makers and others with influence in the Danish communities. Number of copies: 11,000.

In the autumn of 2003 27,000 households in the north western part of Sjælland were contacted by direct mailing. The material included 1) A leaflet with information about the public value of source separating kitchen waste, 2) A children's game: "Can you source separate correctly?" (The game is also available on the website). 3) An instructive “wrap-up” poster for the refrigerator door (including magnet).

In October 2004 10 litre plastic bags with compost based growth media were distributed to residential units in Kgs. Enghave. There has been a positive attitude toward the project from the property owner companies (big social housing companies) and there is a will amongst them to enhance the source separation efforts. The obstacle in Copenhagen seems mostly to be concerns whether collection costs will increase.

In end of 2005 new brochures have been produced consisting of a general folder describing the AIKAN plant and specified “stick in” leaflets given information to citizens - about source separation: what waste do we want and to local industry: how to improve the use of your organic wastes? These leaflets have been produced and distributed out of experience of the campaign in 2003. This campaign clearly indicated that more target group designed information materials where needed, since the 2003 campaign primarily focused on the young generation.

8.2.5. Task 6. Systems analysis using the ORWARE waste management model
To help to create attention in Sweden to the Short-Circuit project KTH has made contact with KRAV, the organisation for ecologically produced food in Sweden. KTH also started projects together with KRAV where students at KTH, in the course Environmental Management, looked at the environmental performance of ecological and conventional methods for producing food.

9. Evaluation and Conclusions
9.1 Project implementation

9.1.1 The process

The Short-Circuit project was a collaboration between research institutions and private enterprises with the aim to promote recycling of organic waste by implementing three new source separation and composting systems. Based on existing technology the project consortium has developed new innovative systems that also have a strong demonstrational character. The collaboration between research institutions and private enterprises has proved very rewarding; especially in term of combing the focus on obtaining scientifically based documentation of various process parameters and the need for practical and economically sustainable solutions.

9.1.2. Project management

The project management at KVL was in close contact with the sub project managers at the partners' institutions during the entire project period. At KVL the work was divided between the project manager Jakob Magid and Jacob Møller who was responsible for the daily contact between project management and the partners. To ensure the planned progress of the project the project management arranged various meetings with partners and other relevant parties. These included a kick-off workshop in the beginning of the project, meetings with desk-officers from the Commission and representatives for the External Team and a combined workshop on attitudes towards use of faeces compost and steering committee meeting in 2003.

A major challenge for the project management was the incorporation of the new partner Solum A/S in the project that was successfully completed in the summer of 2003. The original partner R98 decided to opt-out of the project shortly after the Commission had formally approved the project. The reason was the reluctance of the local authorities to permit construction of a composting plant within the Kg. Enghave area. Luckily, KVL was already acquainted with the company Solum A/S who is leading in the composting business in Denmark. Through an intensive period of negotiations and planning it became clear that Solum A/S could completely fill the role of the former partner R98. This was formally accepted by the Commission in 2003.

9.1.3. Technical and commercial applications

The fast growing box scheme businesses may exemplify the commercial reproduction potential of the SHORT-CIRCUIT concept. As box schemes becomes more and more common throughout the Community this will become an opportunity to prevent residual organic waste from going into landfills if the businesses adopt the Short-Circuit strategy. SHORT-CIRCUIT provides a concept that includes recollection of waste - and recycling it back to the farm - using the same means of transportation as the distribution net. The results from the project regarding organisation, logistics, sanitation aspects, economical aspects as well as best practice for on-farm composting will thus constitute a basis for implementation of similar recycling efforts in other parts of the Community. A key issue regarding Aarstidernes concept for recycling will be if the additional economical costs is outweighed by producing high quality compost and the good-will obtained from the customers.

It should be possible to commercialise the concept -if not the actual system - presented by the Hi-Lo on-farm system. The system has proved cheap to construct and workable using farm equipment normally available on farms. The main concern will be to be able to guarantee that the finished compost fully comply with EU regulations, especially regarding hygienic issues.

The AIKAN-plant is an innovative concept coupling bio-gas production and composting. The plant is working very well and the technology has proven to be reliable and living up to specifications put down during the planning phase. It is too early to describe the economical feasibility to the full, but prospects are good for similar systems. One factor that has proven to be of importance is the waste quality - this factor should be in focus when trying to reproduce the system.

9.1.4. Comparison to project objectives

We think that the project definitely has been living op to expectations regarding the overall objective to promote recycling of organic waste. This is true for the technical development of the various systems involved, the improved source separation and waste collection and regarding dissemination of results as well.

The activities and outputs of the different tasks are compared to the projects milestones and deliverables as described in details in section 7 above. The three sub-systems worked satisfactory from the start and further improvement followed in the second half of the project period. In this way, it was possible to almost fully comply with the specification put down in the project application. It remains to further demonstrate that the waste collection scheme of Aarstiderne is sustainable regarding economical- and hygienic aspect, and to improve the HI-LO composting system in order to comply fully with Community regulation. The AIKAN system has proved to live op to the specification regarding bio-gas production and subsequent composting of the waste, but further efforts will be put into improving waste collection and source separation.

9.1.5. Effectiveness of dissemination activities

The dissemination out-puts listed under section 8.2 were aimed at the public participating in the project through waste collection and source separation, professionals in the waste sector, researchers as well as the public in general. The public interest in the Solum´s AIKAN plant has been substantial and the same were true for the customers of Aarstiderne who were invited to join the project proving the effectiveness of the dissemination effort. Dissemination of results of the project to the scientific community gained momentum in the latter half of the project, but details of the results has already been published by KVL. Large amounts of data were generated on technical aspects and systems analysis during the latter part of the project that will be published in both scientific journals and more popular media as well.

One of the main target groups for the project was the households directly involved in the waste collection scheme of Aarstiderne. As explained above in section 8, they have been very receptive of the idea, and a number of customers joined the scheme. The results have been good and there have been only positive reactions. The visitors at Krogerup farm have been shown the compost operation and generally the public has been very interested in the new recycling concept. The same goes for the participant of Solums community involved composting operation. There has been a campaign to improve waste sorting and collection and that has resulted in increased amounts of waste brought in to the AIKAN plant. The AIKAN plant has also generated substantial interest among municipalities, waste managers and the media. At KVL the HI-LO on-farm composting system has been shown to visitor from outside the University as well as to students. The results of operating the systems are now being disseminated to the scientific community.

The project as a whole reached its targets groups as planned. Results of the modelling effort have now become available and we anticipate in the future further influencing decision makers in local as well as national government and in this way helping promoting the project ideas.

9.1.6. The future: continuation of the project

In evaluating the sustainability of the project it should be remembered that the project consisted of four sub-projects all contributing to the overall concept of improving recycling of organic waste. Therefore, we do not expect to continue the project as such, but the concept should be applicable to other projects in the future. The sub-projects will be continued on their own to various degrees: 

Aarstiderne A/S is very interested in continuing the waste collection scheme on a larger scale as their customers have welcomed the idea. At present, waste collection on the original route at Østerbro is planned to continue though the summer of 2006. During this period a new kind of bucket and another kind of compostable bag will be tried out and the customers satisfaction will be tested in an e-mail survey. The main problem of the collection system will be to find a solution how to collect the waste while delivering the fresh vegetables. Aarstiderne is now seeking partners, who can develop a technique to solve this problem. The composting operation at Krogerup is continued with increasing amounts of green waste coming from the farm shop. A rapidly growing activity at Krogerup is allocation of vegetable gardens for school children and cooking courses for companies. The composting practice of the farm is now being integrated in these activities and demonstrated to the participants. More than 20,000 visitors are expected to join these activities during 2006. 

At KVL research on recycling of nutrients and carbon from urban areas to agriculture is an integral part of the KVL´s research strategy. A very important part is played by the research plots at KVL´s farm in Taastrup. These plots are treated with urban waste including compost, and it is intended to continue this treatment in the years to come. Thus, agronomical trials will continue outside the Short-Circuit project period. Besides this, the Short-circuit project generally strengthen the research on recycling and several new initiatives including research applications are in the pipeline.

The AIKAN system is now fully operational and the concept of the AIKAN system will without doubt be implemented by other stakeholders in the waste treatment business. The system is well suited for different waste treatment situations. In less developed countries the batch wise concept and two phase process provides possibilities to treat both source separated and unsorted biowaste. Hereby the waste management can be changed slowly toward a better separate collection. The unsorted waste can be used for biogas production and residual waste can be dried prior to landfill. Separate collected waste can be used for energy production and quality compost as in the Short Circuit project. The AIKAN system is thus well suited for implementation of source separation.

9.2 Analysis of long-term benefits

9.2.1 Environmental benefits

9.2.1.1. Direct/quantitative environmental benefits
Generally, implementation of the Short-Circuit project will decrease the amount of waste that is land-filled and the waste instead undergoes a more environmental sound treatment resulting in less negative impact on the environment caused by decreased leaching and pollution of ground water etc. Determination of environmental costs is more difficult than financial costs and often requires systems analysis. This was done in the project by using the ORWARE waste management model as described under section 7.1.8.

A very important result was that local variations regarding waste quality (amount of impurities, dry matter content) specific technologies, geographic location of the systems, but especially the specification of the reference scenario, were essential for the results of the life-cycle analysis. The results were diverse, but there were examples of reduction of emissions and energy and resource savings in connection with all the systems in the project e.g., the collection system of Aarstiderne had lower energy consumption than conventional systems. When the Aarstidern/Krogerup system was evaluated as a whole there was lower impact on Eutrophication Potential (EP) compared to the incineration scenario. Regarding the Hi-Lo system results were generally in favour of incineration, but if the very low ammonia emission (0.6% of total nitrogen input to the compost) was used the Acidification and Eutrophication potential from the compost were smaller than from incineration. The difference between the scenarios was small in the AIKAN scenarios except for a high POCP mostly caused by the gas engine for utilising the methane gas and Electricity production turned out to be 45 % higher in the AIKAN scenarios than the incineration scenario. Even though the reference scenario in many cases had lesser environmental impact than the Short-Circuit system it should be possible, based on the experience gained during the project, to optimize the systems in the future and in this way increase the environmental benefits from implementing the Short-Circuit strategy. It must be emphasised that the reference scenario have had at least 30 years to invent new solutions and tune the LCA to fit the system.

9.2.1.2. Relevance for environmentally significant issues or policy areas
In the Community Strategy for Waste Management it is stated that recycling activities should be promoted in the Community, but that this requires the public to be convinced of the health, safety and environmentally sound quality of the recycled products. Composting is here mentioned as an important tool for recycling of biodegradable municipal waste to agriculture leading to saving of resources by substituting the use of commercial fertilisers. In the description of the LIFE-Environment Programme the main priorities regarding projects on Community waste management is outlined in detail: Next to prevention of waste generation, projects promoting recycling - including composting of waste products - have the highest priority. The expected results of adopting implementing such projects would be a generally more environmental sound approach to waste management as put forward by the draft of a European composting directive. Moreover, the strategy should be in accordance with the Community regulation on animal by-products.

The SHORT-CIRCUIT project's contribution to optimise the Community strategy for recycling nutrients and organic carbon from organic waste should be seen in this context. The general concept of the project is in accordance with the above mentioned policy of waste management in the Community. Specifically, the knowledge generated on composting techniques should be very relevant to the legislative framework, e.g. the focus on constructing composting systems that comply with the requirements of the composting directive and the regulation on animal by-products.

9.2.2. Long-term sustainability

9.2.2.1. Long-term / qualitative environmental benefits
Implementation of Aarstidernes collection system has shown a huge enthusiasm by citizens to take care of their waste themselves. Aarstiderne as a company have experienced, that the collection system have strengthened the ties between the customers and the company. Seen in a wider perspective private initiatives like this can take care of a part of the organic waste in local systems. In this way, part of the burden of waste treatment is removed from “society” to individual citizens. Additional effects are that citizens feel more responsibility and engagement about their own waste.

9.2.2.2. Long-term / qualitative economic benefits
The total financial cost for biological waste treatment through composting includes the cost of separate collection, transport, treatment and compost proceeds. It has been estimated that the financial cost for composting is in the same order of magnitude as landfills if these are performed under environmentally acceptable conditions. In some cases, when simpler composting systems as on-farm windrow composting is used, the cost may be as low as half of the cost of landfills. According to various reports incineration is more expensive than landfills and may cost 2 to 4 times as much as composting. The exact calculation regarding the Short-Circuit project has not been carried out yet, but we expect that composting will be an economical attractive method that should be able to compete successfully on market terms with other waste treatment methods.

9.2.2.3. Long-term / qualitative social benefits
If implemented on a larger scale the SHORT-CIRCUIT strategy will result in a diversion of jobs from a few landfills and more centralised waste management systems towards a larger and more scattered number of "green" jobs necessary to help running the different composting systems. It is normally anticipated that source separation and locally organised solutions are more work intensive than central treatment of unsorted waste. The participation of the Danish SME´s Aarstiderne A/S Krogerup Avlsgaard A/S and Solum A/S as partners in the project demonstrates the business interest the ideas of the SHORT-CIRCUIT project has generated. Aarstiderne A/S and Krogerup Avlsgaard A/S both thrive on the goodwill of their environmentally very conscious customers and hope to increase this by implementing the proposed recycling schemes, thereby attracting even more customers and subsequently jobs in their fast growing businesses.

9.2.3 Replicability, demonstration, transferability, cooperation

Composting of organic waste has in general a large reproduction potential throughout the Community since only a small fraction of the organic waste generated in the member countries is recycled. By extending the use of biological waste treatment techniques, especially to member states that have a low recycling rate, it should in this way be possible to facilitate the implementation of the Community waste management policies. The composting process is not limited to temperate areas but can as well run in warmer as well as in colder climate. Composting may even be more suitable and proceed at a higher rate in the southern part of the Community because the higher ambient temperature promotes the composting process. This corresponds well with the fact that recycling of organic waste through composting and source separation in this part of the community is less developed and, therefore, requires special attention in order to comply with the Community waste management policy.

The SHORT-CIRCUIT approach to organic and other waste management i.e., the use of solutions with close connection between the population, the treatment facilities and the end users, has a clear reproduction potential in relation to a broader range of waste treatment strategies. The acquired knowledge of the influence of various process parameters on the quality of compost may be transferred to other areas as well. In addition to the types of waste treated in the SHORT-CIRCUIT-project, bio-remidiation of polluted soils can also be accomplished by composting. The best composting practice regarding degradation of micro-pollutants in urban waste can thus be used as a basis for determination of best practice when treating other materials. Moreover, this kind of treatments often requires addition of easily degradable organic material e.g., in the form of household waste or wood chips. Thus, the results concerning composting of household waste mixed with other wastes may be directly applicable. We anticipate - as a result of the knowledge created by the SHORT-CIRCUIT-project - that the developed systems will be used as part of a solution on a national level, but also at Community level they are most relevant.

9.2.4 Innovation

The SHORT-CIRCUIT project was a joint venture between a food box scheme e-business, farmers, a municipal waste disposal company and three research institutions who wanted to develop and demonstrate new and innovative ways of recycling urban organic waste to peri-urban agriculture. The project has implemented three new systems for source separation and waste treatment based on recollection of residues from a box scheme, co-collection and co-treatment of source separated faeces and household waste and a new community involved composting plant, respectively. 

Recycling by collection of residues from a vegetable box scheme business and transporting it back to the farm (Task 2.1) has, to our knowledge, not been implemented before. This is a very obvious way to recycle waste, especially since box schemes are growing fast (the box scheme business Aarstiderne Ltd participating in the project has more than 50,000 customers). Co-collection and co-treatment of source separated faeces and household waste (Task 3) is also a new way of exchanging resources between the city and the peri-urban agriculture. The third system is a new way to establish community involved composting by combined biogas production and composting (Task 4).

At the same time, these systems generate more qualified source separation and use of the compost, due to a higher responsibility and perceived ownership to the system. Even though composting is a well known processing technique, it is often associated with air emissions and odour problems. These problems heve been addressed in the project by the plant designs in concert with intensive monitoring and optimisation activities. (Task 5.1 & 5.2).

Irrespective of optimisation of the processing, the recycling efficiency and the end product quality is very much dependent on the resident's ability to separate the waste at the source. To demonstrate as well as quantify the beneficial environmental and economical consequences of implementing the systems a Life Cycle Assessment study was conducted using the ORWARE waste management model and the data generated by the project. The ORWARE model (Task 6) is one of the most advanced simulation model for organic waste management today. The most innovative aspect of the ORWARE model is its ability to make very qualified systems comparisons. The model makes it possible to outline differences in environmental and financial outcome for the different composting strategies under changing preconditions and system boundaries. The analysis has provided a detailed description of the processes themselves and also a qualified comparison to more conventional treatment options.

10 After-LIFE communication plan
Even though the project is formally ended results will to some extent continue to be disseminated by the partners and the Beneficiary in the future.

The focus point for KVL will be to communicate the project results to the scientific community through papers in scientific journals. A number of papers have already been put together and submitted to various journals. Of these four manuscripts are accepted for publication in scientific journals and further 10 manuscripts are in review or in preparation. The major part of these papers will be published during the next 1-3 years. Another way of disseminating the results will be internally at KVL through presentation of specific technical results during courses and in teaching and thereby reaching a number of students that will become technical experts and decision makers in the future. Less directly, it is the intention to offer supervision of master- and bachelor students in subjects related to the Short-Circuit project, e.g. environmental impact of using organic wastes in agriculture and optimization of composting practises and in this manner hopefully promote the concept of recycling of waste materials.

The results of the SHORTCIRCUIT-projects will be presented directly for the joining customers on the involved routes and generally for the public at the homepage of Aarstiderne. Contacts are made with National radio and some magazines, which will report from the final project report.

Solum A/S continues the operation of the AIKAN plant at BioVækst to attract more municipalities to either implement source separation or direct restaurant waste to biological treatment. The communication experiences from the Short Circuit Project are very useful. Solum intends to develop the communication strategy further to get in direct contact with citizens. As mentioned the AIKAN concept itself has already been given great attention parties in several countries. Thus it is believed that more plants will be constructed in the future.

11. Comments on Financial Report

PROJECT COSTS INCURRED

	
	
	Cost category
	Total cost according to the Commission's decision (revised budget)
	Costs incurred from the start date to 28/02 2006
	%

	1.
	
	Personnel
	729,166
	817,616
	112

	2.
	
	Travel
	30,177
	35,578
	118

	3.
	
	Outside assistance
	83,614
	98,451
	118

	4.
	
	Durables: total non-depreciated cost
	
	
	

	
	
	- Infrastructure sub-tot.
	2,000
	0
	0

	
	
	- Equipment sub-tot.
	734,347
	731,939
	99

	
	
	- Prototypes sub-tot.
	0
	0
	

	5.
	
	Consumables
	254,485
	262,811
	103

	6.
	
	Other costs
	3,000
	3,075
	103

	7.
	
	Overheads
	106,865
	122,054
	114

	
	
	SUM TOTAL
	1,943,653
	2,071,524
	107


The total budget according to the Commission’s original decision was revised in 2005 and the revision was accepted by the Commission 27. September 2005. The total costs incurred at the end of the project period exceed the revised budget by 7%. This represents extra working hours etc. put into the project by the partners and Beneficiary at their own expense to increase and strengthen the results already obtained by meeting the objectives of the project.

12. Appendices

Some of the appendices are in Danish. A short description in English of the most important ones can be found under the appropriate headings below or in the appendix itself.

Beneficiary (KVL)

KVL-1: Photos of the operation of the Hi-Lo on-farm composting system

KVL-2: Report from workshop on attitudes towards use of compost made from organic waste 

KVL-3: Technical report on KVL’s full-scale and lab-scale composting experiments 

KVL-4: List of publications by KVL’s based on the Short-Circuit project

Aarstiderne A/S and Krogerup Avlsgaard
Aa-Kro-1: Photos demonstrating collecting of waste by Aarstiderne and subsequent composting at Krogerup farm

Aa-Kro-2: Data describing project results:

2-1 Project plan

2-2 Data from collection

2-3 Self control programme

The "Egenkontrolprogram" i.e. the "self-control programme" was worked out by Aarstiderne 
A/S on request of the local health authorities to determine possible risks in connection with 
the waste collection scheme. The indices on page 2 translate as follows:


Description of the Short-Circuit project




p. 3


Flowchart of collection scheme





p. 4


Risk assessment of collection scheme




p. 5


CCP (critical control point) analysis





p. 6


SC01 Description of delivering of goods and waste collection

p. 9


SC01 Description of handling of collection boxes



p. 9


SC03 Description of cleaning procedures




p. 9


SC04 Hygienic rules to be follow by the driver



p. 10


Table to be filled out by driver re cleaning of vehicle etc.


p. 11


Table to be filled out by driver re mistakes during handling of waste p
p. 12

2-4 Waste analysis

2-5 Administrative procedures

2-6 Data of composting at Krogerup

Aa-Kro-3: Dissemination:

This consists of a print-out of the homepage of Aarstiderne Ltd as well as copies of two letters delivered to customers participating in the waste collection scheme. Under the heading "Vi slutter kredsløbet" i.e. "We close the circuit" the initiation of the waste collection scheme was announced on the homepage of Aarstiderne A/S. The first letter invited the customers to join the waste collection scheme. Under the heading "Kære kunde - send os en skræl!" i.e. "Dear customer - please send us some garbage!" advice was given on how to collect waste use the biodegradble plastic bags etc. The table lists the addresses where customers were invited to join the project. The second letter was send to the customers to announce the temporary stop of the waste collection.

3-1 Invitation letter

3-2 Skrællepost (two documents)

3-3 Sticker

3-4 Exhibition

3-5 E-mail-survey

3-6 Visits at Krogerup

KTH

KTH-1: Detailed report of the ORWARE-simulations of the Short-circuit systems.

Solum A/S
Solum-1: Copy of "Additional clause" describing the new task 4

Solum-2: Photos from AIKAN-plant

Solum-3: Construction plan for the AIKAN plant

Solum-4: Report on Task 4 Community involved composting of source separated household waste according to separate project plan 

Solum-5: Results of analysis of compost quality

Solum-6: Limitations using LCA-analysis to quantify environmental impact.

Solum-7: Dissemination
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