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EXECUTIVE SUMMARY 

waste2energy (UK) Limited (w2e) propose to build and operate a commercially viable pyrolysis plant 

in the UK, Project Joshua, based on the patented designs - the core technology - developed by 

Balboa Pacific Corporation (Balboa). 

The plant will be configured as the core technology directly linked to a thermal oxidizer then to a 

boiler and is to be operated using shredded waste tires as the fuel source. 

By using pyrolysis as the thermo-chemical decomposition process, rather than combustion, and with 

all waste gases from the thermal decomposition being directed through a thermal oxidizer, the 

emission levels of pollutants to atmosphere are significantly reduced In particular, emissions of 

dioxins, furans and combustion gases such as oxides of nitrogen OW, oxides of sulphur (SO 7) and 

oxides of carbon (CO and CO2) are likely to be a fraction of those emitted from conventional 

incineration processes. 

As part of the development project for the plant, w2e are proposing to commission the construction of 

a 5 tonne per day pilot plant to be operated in the UK, Project Jenny. One of the purposes of 

Project Jenny is to provide corroboration for, inter cilia, monitoring of emissions previously 

conducted on other plants, combined with the durability and robustness specifically of this system. As 

part of the development of Project Jenny, URS has undertaken a review of monitoring data obtained 

from existing pilot scale facilities operating in California, USA. A large body of information (see 

bibliography following) is available including reports undertaken by Dames and Moore (now a part 

of URS), which has been obtained from plants operating using a wide variety of waste fuel types. 

Evidence from Balboa indicates that several pyrolytic gasification plants have been constructed and 

operated in the US on a range of operating scales, and unit sizes referenced range from 2 US-tons per 

day up to 50 US-tons per day. 

It is apparent from the monitoring reports that the plants in the US have been compliant with US EPA 

emissions standards when running on fuels as diverse as shredded tires, oil sludge and PCB 

contaminated solid and liquid wastes. All monitoring reviewed was undertaken by external  
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specialists to the required QA/QC standards, using the monitoring protocols and methods required 

for regulatory compliance in the US. While the nature of the compliance monitoring campaigns is 

such that only relatively short monitoring periods have been required — typically up to 4 hours of 

testing — it is apparent that the units have been operated over much longer periods. 

The past monitoring data has been obtained to address specific requirements of other projects. 

Consequently, the data has not been gathered to specifically address the needs of this project. 

The information derived from the above referenced reports is sufficient to suggest that the 

engineering scale of the proposed pilot plant to be built by w2e has already been proven. 

URS recommends that the scope of testing covers the following specific aspects for the testing of 

Project Jenny: 

 Further emissions testing information is required for the unit specifically using tires as a fuel 

source; 

 Monitoring should be undertaken for the full suite of determinants including combustion gases 

(N0„, SOP, CO, particulates), heavy metals (including Cadmium, Mercury, Zinc), dioxins and 

furans, PCBs, hydrogen chloride and fluoride and total organic carbon. 

 All monitoring should be undertaken to CEN, BS EN or ISO Standards where possible, with 

continuous monitoring favored over spot-check monitoring to obtain a detailed profile of the 

emissions over a full plant cycle; 

 Monitoring is required for a period of continuous operation of the plant to demonstrate that it is 

robust. Therefore a 30-day continuous test is recommended 

 The handling of the hot ash and solid residue from the plant needs to be demonstrated — this has 

not been examined in detail in the reports reviewed as they were focused on the emissions to air; 

In summary, on the basis that the proposed 5 tonne per day pilot plant, Project Jenny, is initiated, 

using shredded tires as the fuel, the results should provide the requisite verification of the above 

referenced reports. 

It is envisioned that this testing will demonstrate that the unit is fully compliant with the current and 

forthcoming legislative emissions limits for the UK and EU 
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1.0 INTRODUCTION 

waste2energy (UK) Ltd ("w2e") has commissioned URS Corporation Ltd ("URS") to undertake a 

review of past monitoring reports undertaken on the BAL PAC 2000 pyrolysis plant in the US. It is 

the intention of w2e to build a new plant of similar design here in the UK, Project Jenny, to be 

fuelled by waste tires, and the validation report objectives are to: 

 Identify and highlight the strengths of the plant design indicated in the monitoring results; 

 Verify that the previous monitoring was undertaken to an acceptable standard, and that the  

monitoring data is representative of emission levels from the plant over a range of conditions; 

 Identify any further and fuller requirements not addressed by the current monitoring data, to be 

considered when designing future monitoring tests for the proposed pilot plant, Project Jenny, 

and commercially viable plant, Project Joshua, in the UK. 

This review comprises Part I of a two-part report. Part II will contain a review of the performance of 

other pyrolysis plant in the UK and overseas, with a view to assessing the viability of Project Joshua 

against other pyrolysis technology. Part II will be completed early in 2003 and will be appended to 

this document. 

URS has reviewed full paper copies of the following reports, which were made available through w2e 

by the owners of the reports: Balboa Pacific Corporation ("Balboa"). 

 "Evaluation Report for the BAL PAC 2000 Process", on behalf of Balboa Australasia Pty Ltd, 

undertaken by Dames & Moore, Australia, 1994 (Ref: 29427-001-085); 

 "Source Test Report for Pyrolytic Thermal Conversion Unit using a Municipal Waste Feed", on 

behalf of Big Bear Area Regional Wastewater Agency, undertaken by Dames & Moore, Santa 

Ana, 1997 (Ref: 35773-001-131); 

 "Source Test Report - Multiple Metals Emission Testing", on behalf of Sandia National 

Laboratories, undertaken by Dames & Moore, Santa Ana, 1997 (Ref: 35746-001-131); 

 "Source Test Report — PCB Treatability Demonstration Test on the Pyrolytic Thermal Conversion 

Unit with a Thermal Oxidizer — Liquid Feed", on behalf of Balboa Pacific Corporation, 

undertaken by Dames & Moore, Santa Ana, 1996 (Ref: 30990-001-131); 
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 "Source Test Report — PCB Treatability Demonstration Test on the Pyrolytic Thermal Conversion 

Unit with a Thermal Oxidizer", on behalf of Balboa Pacific Corporation, undertaken by Dames & 

Moore, Santa Ana, 1996 (Ref: 30990-002-131); 

 "Source Test Report for the measurement of toxic metals, particulate matter, nitrogen 

oxides, sulfur dioxide, carbon monoxide and total hydrocarbons on the exhaust of a Pyrolytic 

Oxidation Unit", on behalf of ATC Environmental Group Inc., undertaken by Pacific 

Environmental Services Inc., Baldwin Park, CA, 1995 (Ref: 5102.000); 

 "Source Test Protocol for measurement of particulate matter, nitrogen oxides, sulphur 

dioxide, carbon monoxide and total hydrocarbons on the exhaust of a Pyrolytic Oxidation Unit", on 

behalf of ATC Environmental Group Inc., undertaken by Pacific Environmental Services Inc., 

Baldwin Park, CA, 1995 (Ref: unknown); 

 "Source Test Protocol for measurement of particulate matter, chromium, manganese, 

copper, lead, zinc, nickel, cadmium, nitrogen oxides, carbon monoxide and hydrocarbons on the 

exhaust of a Pyrolytic Oxidation Unit", on behalf of Balboa Pacific Corporation, undertaken by 

Pacific Environmental Services Inc., Baldwin Park, CA, 1995 (Ref: 4768.001); 

 "Project summary report on demonstration of thermal waste conversion system at California Steel 

Industries Inc.", on behalf of Southern California Gas Company, undertaken by Balboa Pacific 

Corporation, Santa Fe, CA, 1994 (Ref: unknown). 

Balboa owns the patents for the BAL PAC 2000 process, and has constructed and co-operated several 

plants in the US over a period of more than 10 years. Correspondence between w2e and Balboa 

indicates that Balboa have constructed and operated pyrolytic gasification systems at the 2.5 US ton, 5 

ton, 25 ton and 50 ton per day scale. 

This suggests that the engineering scale of operation proposed for the UK pilot plant, Project Jenny, 

(5 tonnes per day) has already been demonstrated by Balboa in the US. 

The above monitoring reports were prepared by qualified, independent monitoring contractors to 

quantify emissions levels to atmosphere, at the request of Balboa or other companies interested in 

developing or implementing the technology. Consequently, the independent specialists have tested a 

range of waste streams and operating conditions. 

The reports briefly outline the process description and based on these accounts, a summary 

description is provided in Section 2 of this report. 

In Section 3, a summary of the fuel types tested, the monitoring protocols adopted and the emissions 

levels recorded is provided, as well as indicative standards for emission limits for the EU, UK and 

US. 
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Section 4 identifies the perceived further and fuller requirements not addressed by the available 

monitoring data, from the perspective of using that data to indicate the performance of the 

proposed pilot plant, Project Jenny and in turn the proposed commercial plant, Project 

Joshua, in the UK. This section also includes recommendations for the design of a future 

emissions monitoring campaign for the proposed plants. 

 

Limitations of this report 

• This report is based on details of the plant that have been obtained from secondary sources and 

therefore cannot be assumed to be factually correct (although some of the reports were written by 

Dames & Moore). No direct analysis of the plant technology and its operation has been 

undertaken by URS. 





 

 

waste2energy URS CORPORATION LTD 

52238-001-734 5 December 2002 

2.0 PROCESS DESCRIPTION 

The process undertaken in the BAL PAC 2000 module that is proposed to be built and operated by 

w2e in the UK. is based on the principle of pyrolysis, which is defined as: 

"The combustion of a fuel or waste stream at high temperature in an oxygen deficient atmosphere!" 

This differs from the method conventionally used in incinerators, where an oxygen rich atmosphere is 

used to promote a direct flame that in turn is used to directly incinerate a fuel or waste stream. 

Advantages of pyrolysis over incineration include a reduction in emissions to air, particularly of 

nitrogen oxides, sulphur dioxide and dioxins and furans, all of which require oxygen for their 

formation. The method of pyrolysis is therefore very suitable for the thermal degradation of wastes, 

including hazardous or clinical wastes that require a high temperature for decomposition. As a by-

product of the degradation process, the thermal energy stored in the waste is liberated, which can be 

used for the generation of steam or electricity that can be sold for off-site use. 

The process flow of the BAL PAC 2000 unit can be seen in Figure 1. Essentially it comprises the 

following steps: 

 Preparation - waste shredding, blending and homogenizing (as appropriate), to ensure even 

composition (and hence degradation) of the material being fed into the system; 

 The feed input system — using a screw feeder to drop the waste into the main chamber through a 

series of air locks to minimize oxygen within the primary chamber; 

 Pyrolytic Combustion — the waste is screw-fed through the pyrolytic thermal conversion chamber 

called a retort. This consists of a thermally insulated outer housing which contains a pyrolytic 

chamber surrounded by an enclosed heat chamber, within which gas is burnt and circulated; 

 Oxidation of the off-gases, which are directed through a closed coupled thermal oxidizer and 

combusted in a gas-fired burner and decomposed into carbon dioxide and water; 

 Collection and removal of solid wastes, which are fed by the screw conveyor into a collection 

hopper for subsequent treatment, recycling or disposal. 

The actual patents for the unit are held by Balboa. They have constructed a pilot scale commercial 

plant of 2.5 ton per day capacity which is located in Santa Fe, California. A second 50 ton per day 

plant has reportedly been in commercial operation at a steel mill in Fontana, California for several 

years. 

It has been reported that the main pyrolytic chamber is designed to achieve temperatures of up to 

980°C, with the thermal oxidizer capable of operating at temperatures in excess of 1,200°C. The 

residence time of gases within the oxidizer is also reported to be greater than 2 seconds. 
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These temperatures and residence times are likely to be compliant with the forthcoming Waste 

Incineration Directive (2000/76/EC), which requires a temperature of at least 1,100°C for 2 seconds 

where any halogenated wastes have been combusted, to prevent the formation of dioxins and furans. 

It is likely that chlorides may be present in the combusted tires.  
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3.0 PREVIOUS EMISSIONS MONITORING RESULTS 

3.1 FUELS TESTED IN THE PYROLYSIS UNIT 

A range of different waste streams and fuel types have been trialed in the two pilot plants operated in 

the US, including: 

 Chipped tires; 

 Oily steel mill solid waste; 

 Oil-laden tallow sludge’s; 

 Municipal waste; 

 Sewage sludge; 

 Spent catalysts; 

 PCB contaminated oil (liquid feed); 

 PCB contaminated sand (solid feed); 

 Petroleum by-product;  

 Petroleum coke; 

 Gangue (an organic rich waste product containing sulfur). 

All of these waste streams have been run through the pilot plants, and monitoring of emissions to air 

has been undertaken by independent approved contractors. The 50 ton per day demonstration unit at 

the steel mill was issued with a 3 month Experimental Research Permit by the California South Coast 

Air Quality Management District in December 1993. Dames & Moore personnel visited the site 

during June and August 1994 and observed trial runs of the unit treating rolling mill waste. 

3.2 MONITORING PROTOCOLS USED 

The reported monitoring protocols utilized in the source testing reports listed in Section 1 are all 

compliant with the appropriate US monitoring methods for pollutant emissions to air. 

In general, the following methods and protocols have been used: 

 For particulate monitoring:   EPA Method 5; 

 For nitrogen dioxide monitoring:   EPA Method 7E (instrumental); 

 For sulfur dioxide monitoring:   EPA Method 6C (instrumental); 

 For heavy metal monitoring:   EPA Method 29; 

 For carbon monoxide monitoring:   EPA Method 10 (ND1R); 

 For total hydrocarbon monitoring:  EPA Method 25A (Flame ionization); 

 For methane monitoring:    EPA Method 18 (VOCs by GC analysis); 

 For dioxin and furan monitoring:  EPA Method 23; 
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 For hydrogen chloride monitoring: EPA Method 26; all these methods are specified 

in the US Regulations for compliance monitoring verification. 

Note that some of the reports refer to California Air Resources Board (CARB) Methods — these are 

comparable to the standard US Environmental Protection Agency (EPA) Methods. The only 

discrepancy between the selected monitoring protocols and those recommended for regulatory testing 

is that the Pacific Environmental Services monitoring for heavy metals used EPA Method 12. This 

has been superseded by EPA Method 29 as used in the Dames & Moore reports. 

Here in the UK, many of the above methods are used in the absence of British Standard or CEN 

Methods. The approved methods for in the UK are currently: 

 For particulate monitoring: BS EN 13284-1: 2002, BS EN 6069-4.3:1992 

 For nitrogen dioxide monitoring: BS ISO 11564: 1998; 

 For sulfur dioxide monitoring: BS ISO 11632: 1998; 

 For heavy metal monitoring: EPA Method 29; 

 For carbon monoxide monitoring: ISO 12039; 

 For total hydrocarbon monitoring: EPA Method 25A; 

 For methane monitoring: EPA Method 18;  

 For dioxin and thrall monitoring: 135 EN 1948 parts1-3:1997; 

 For hydrogen chloride monitoring: BS EN 1911 parts 1-3: 1998 or US EPA Method 26A; 

 For PCBs: BS EN 1948: 1997. 

But in the absence of CEN or BS Methods, US EPA Methods are considered appropriate by the 

Environment Agency_ 

33 EMISSION STANDARDS 

In the UK, incineration and pyrolysis plant are to be regulated through the EU Waste Incineration 

Directive 2000/76/EC, which is currently being transposed into UK legislation. This will specify 

emissions limits for emissions to air. Any new plant will also require a permit to operate issued from 

the Environment Agency under the Integrated Pollution Prevention and Control (IPPC) regime. This 

requires operators to run their facilities in a way that minimizes impacts on the environment as a 

whole, taking into account emissions to air, water and land, as well as materials , energy and water 

use. 

Although the Waste Incineration Directive has not yet been implemented into UK legislation, it does 

specify minimum emissions standards, which must be met across Europe. These are given in Table 

3.1 below, which also includes emissions standards for the US as a comparison. 
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Table 3.1: Emissions limits for incineration and pyrolysis plant  

Tti.Ogietek: ELIlimits 
US EPA 1. + 

11111 S 

 
Total dust 10 30 34 

TOC 10 20 10 ppmv 

HC1 l0 60 34.2 

HF 1 4  

SO2 50 200 57.2 

NO2 200 400 795.4 

CO 50 100 125 

 8-hourly average mg/Nm3  

Cd, T1, Hg 0.05 0.12, unk, 0.045 

Sb, As, Pb, Cr, Co, Cu, 

Mn, Ni, V 

0.5 0.10, 0.12 for Pb 

Total dioxins and furans 0.1 rig/m3 0.2 ri g/m3 

Not yet ratified into UK legislation 

Source: 40 CFR Part 63: "NESHAP Interim Standards for Hazardous Air Pollutants from Hazardous 

Waste Combustors (Interim Standards Rule); Final Rule, Feb 2002. Standards for new sources, based 

on spot check compliance monitoring with the exception of hydrocarbons, which are monitored on an 

hourly rolling average. 

3.4 COMPLIANCE OF PYROLYSIS PLANT 

Reported emissions levels from the BAL PAC 2000 pilot plants have remained compliant with the 

emissions limits specified for pyrolysis and incineration facilities in all cases. The plant therefore 

appears to be versatile in that a wide range of process waste streams can be thermally degraded 

without exceeding emissions limits. 

The Balboa project report as well as the above referenced Dames & Moore Report (Ref: 29427-001-

085) evidences that a larger sized (50 tonne per day) unit has been constructed and successfully 

operated in the US. 

This suggests that the choice of a 5 tonne per day pilot plant here in the UK, Project Jenny, does not 

extend the engineering principles of the design beyond those levels already tested. 

52238-001-734 9 December 2002 
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The likely future emissions limits for Waste Incineration and Pyrolysis plants in Europe and the UK 

are given in Section 3.3 above. Based on the emissions data available for the pilot plants in the US, 

these limits should be achievable in a new plant built here in the UK. 

In particular, monitoring has been undertaken for the processing of shredded waste tires at the Santa 

Fe facility (Dames & Moore report 35746-001-131). Tires were fed into the unit at a rate of 30 lbs/hr 

(320 kg/d), which was operated at a temperature of ..815°C, with the oxidizer running at a temperature 

of around ..930°C. The results of the monitoring campaign can be seen in Table 3.2 below. 

Table 3.2: Emissions monitoring results for the pyrolysis plant when processing shredded 

tires. 

It can be seen that the results from this test are complaint with the likely emission limits to be 

implemented through the transposition of the Waste Incineration Directive in the UK. 

 

< 1.2 mg/m3 CO < 1.8 Whr 

Total HCs as C3 < 1.5 g/hr < 1 mg/m3 

0-, 11.3% 

Al 33.3 22.7 

Sb 0.5 0.3 

As 1.1 1.5 

Ba 2.4 1.6 

Be < 0.1 < 0.1 

Cd 2.4 1.6 

Cr 2.8 1.9 

Cu 9.6 6.6 

Pb 5.4 3.7 

Fe 120.5 82.1 

Mn 7.1 4.9 

Mo 29.5 20.1 

Ni 2.6 1.8 

P 17.0 11.6 

Se 0.5 0.7 

Ag 0.3 0.2 

Tl < 0.1 < 0.1 

273.9 186.7 Zn 

CO2 
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Due to the nature of emissions testing undertaken by external contractors, the monitor ing periods 

reported in the sampling reports listed in Section 1 are generally quite short — typically up to 4 hours 

of sampling. However, the Balboa Project Summary report submitted to the Southern California Gas 

Company in 1994 details the longevity of the plant in operation at the California Steel Industry's site. 

This 1 metric tonne per hour unit suggests operation of the unit for 24 hours a day; 6 days a week 

would process approximately 160 metric tonnes per week of mill waste. It was reported that the unit 

operated daily from March 7th to March 21" with no maintenance or repair. On inspection on March 

21', the unit "had remained clean and indicated that virtually continuous operation was practical". 
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4 FUTURE RECOMMENDATIONS FOR FURTHER VALIDATION 

As discussed above, the pilot plants in the US have been tested for a wide variety of waste streams, 

and the results in all cases suggest that the plants are capable of meeting the required emission limits 

for all pollutants tested. Testing was carried out to the required standard by independent consultants 

using the approved US testing methods and protocols. 

The nature and focus of the previous body of work has been dictated by specific requirements for 

specific clients at the time. It has therefore not been undertaken to provide a comprehensive overview 

of the plant operation when using shredded tires as a fuel source. Consequently, URS agrees with 

w2e's proposal that further validation work be undertaken on a pilot plant in the UK, such as Project 

Jenny, to address the following issues: 

 Further emissions testing information is required for the unit specifically using tires as a fuel 

source; 

 Monitoring should be undertaken for the full suite of determinants including combustion gases 

(NO, SO2, CO, particulates), heavy metals (including Cadmium, Mercury, Zinc), dioxins and 

furans, PCBs, hydrogen chloride and fluoride and total organic carbon. 

 All monitoring should be undertaken to CEN, BS EN or ISO Standards where possible, with 

continuous monitoring favored over spot-check monitoring to obtain a detailed profile of the 

emissions over a full plant cycle; 

 Monitoring is required for a longer period of continuous operation of the plant to demonstrate 

that it is robust; a 30-day continuous test may be suitable. 

 The handling of the hot ash and solid residue from the plant needs to be demonstrated — this has 

not been examined in detail in the reports reviewed as they were focused on the emissions to air; 

 The performance of a 5 tonne per day unit in UK conditions needs to be verified by independent 

testing. 

It is apparent from the above that the next stage in the development process should be the construction 

of the 5 tonne per day plant, Project Jenny, and rigorous testing of that plant's performance. URS 

therefore agrees with w2e's proposal for continuous testing of emissions to air from the proposed 

plant over a thirty day trial.52238-001-734 12 December 2002 



 

 

 

/4 "DHD w2e" <dhd@w2e.uk.com> 

01/08/2002 03:00 PM 

Please respond to "DHD w2e" ‹enaytee@lineone.net> 

To: Kurt M Fierle/USWEL01/Power/ALSTOM@GA 

cc: 
Subject: URS report 

Security Level:? Internal 

Dear Kurt 

It was good to speak to you just now - for your records I have confirmed that 

the date of the 22nd January is for a specific purpose of focus only - I 

confirm that all we need at that juncture is an outline, draft, estimate on 

the core equipment of the Converter, Oxidizer, Boiler and Scrubber, give or 

take an educated contingency 

We are commissioning Octel to fully scope the requirements of the test 

project, Jenny to UK standards. This will certainly not be by the 22nd. 

However Ron Hilditch (MSc, C Eng, M I ChE) Manager Process Engineering from 

Octel, will at the appropriate time interface with Bill Amundson to 

satisfactorily conclude matters in a timely manner and be working closely 

with Richard Breitbarth to harmonize matters 

As promised, please find the URS/Dames and Moore report which we commissioned 

here in the UK, mainly for a number of our own comfort levels, as discussed 

This report is in 2 parts; the first was to validate the authenticity and 

validity of that which we were given by Balboa 

The second part, yet to be concluded, is a scoping document of other 

competing process types, market share, commercial viability etc. The skeleton 

and most of the flesh of this report has already been commissioned through 

The Octel Corporation here in the UK; we just wanted another badge of 

endorsement to round off the edges for banking purposes 

I trust you will reach the same level of comfort from this report as we now 

have 

Please treat this attached report as confidential to your Company 

If you feel that there is anything that we can contribute from over here in 

the UK please advise 

Again, should you feel the need to speak to me, my home number for your files 

is +44 1925 262 934 

Kindest Regards 

NAT 

URS Validation part 1.doc 
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