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ABSTRACT 
This document provides insight into the role that 

emissions and geographical factors with respect to fuel 

types and availability played in the selection of 

circulating fluidised bed technology as the preferred 

core technology to be used on the Thainstone Energy 

Park Project.  

 

 

 

 



Project Name: Inverurie Energy Park Development Ref. No.: 

 
AERI-01-2.2-GEN-REP-013 

The Role of Emissions in Technology Selection  Date effective : 15 Dec 2020 

Revision I02: additional information regarding CO2 and CO2e emissions and comparison with landfill added  Revision No. : I02 

Date revised : 12 Jan 2021 

Page : 1 of 11 

 
 

Contents 
Table of Figures .............................................................................................................................................. 1 

1. Project Description ............................................................................................................................. 2 

2. Location ............................................................................................................................................. 3 

3. Executive Summary ............................................................................................................................ 4 

4. The Role of Geography ....................................................................................................................... 4 

5. Circulating Fluidised Bed Technology (CFB) ......................................................................................... 5 

5.1. Introduction ....................................................................................................................................... 5 

5.2. Furans and Dioxins ............................................................................................................................. 5 

5.3. Oxides of Nitrogen.............................................................................................................................. 6 

5.4. Carbon Emissions ............................................................................................................................... 6 

5.5. Acid Gas Emissions ............................................................................................................................. 9 

6. Contact .............................................................................................................................................. 9 

7. References ......................................................................................................................................... 9 

 

 

Table of Figures 
 

Figure 1 - Location Map at National Scale ....................................................................................................... 2 

Figure 2 - Energy Recovery Plant Site (outlined in red) .................................................................................... 3 

Figure 3 - Location Maps at Regional and Local Level ...................................................................................... 3 

Figure 4 - Aerial Photo of EfW Site - outlined in red with paper making machine building - outlined in yellow . 4 

Figure 5 - Primary Technology Options Report ................................................................................................ 4 

Figure 6 - Foster Wheeler - Key Advantages of CFB ......................................................................................... 6 

 

 

 

 

 

 

 

 

https://agileenergynet.sharepoint.com/sites/UncontrolledDocuments/Shared%20Documents/Natural%20Power/Chapters/Submitted%20Application/Consultation%20Queries/SEPA/AERI-01-2.2-GEN-REP-00X%20Technology%20and%20Emissions%20.docx#_Toc59022853
https://agileenergynet.sharepoint.com/sites/UncontrolledDocuments/Shared%20Documents/Natural%20Power/Chapters/Submitted%20Application/Consultation%20Queries/SEPA/AERI-01-2.2-GEN-REP-00X%20Technology%20and%20Emissions%20.docx#_Toc59022857


Project Name: Inverurie Energy Park Development Ref. No.: 

 
AERI-01-2.2-GEN-REP-013 

The Role of Emissions in Technology Selection  Date effective : 15 Dec 2020 

Revision I02: additional information regarding CO2 and CO2e emissions and comparison with landfill added  Revision No. : I02 

Date revised : 12 Jan 2021 

Page : 2 of 11 

 
 

 

 

1. Project Description 
AGILE Energy Recovery (Inverurie) Ltd. will build a 35MWe Energy from Waste (EfW) plant on a ten acre plot 

within part of the former International Paper site at Thainstone on the outskirts of Inverurie, Aberdeenshire 

– see Figure 1 - Location Map at National Scale. The site is 15 miles north west of Aberdeen.  

 
Figure 1 - Location Map at National Scale  

Concept select stage has been completed and the project is now twelve months into the Project 

Implementation phase scheduled for completion in Q4 2020. This phase of the work will deliver planning 

approval, grid connection engineering, a new Environmental Impact Assessment (EIA) to add to several 

others focused on the site which have been commissioned by the site owner; a licensing application to SEPA 

and completion of development of the scope of work (SoW) document, terms and conditions of contract and 

a negotiated position with a shortlisted Engineering, Procurement and Construction (EPC) contractor. This 

next phase of the Project will be ready to commence in H1 of 2021 following financial close in late 2020/early 

‘21 with thirty months of manufacturing and build activities scheduled to deliver the plant ready for 

commissioning in 2023/24.   

 

The facility is being designed to process a minimum of 200,000 tonnes per annum of locally sourced 

commercial, industrial and municipal waste using circulating fluidised bed thermal conversion technology 

(CFB) which will meet all the requirements of best available technology (BAT). The plant will generate 

30+MWe electricity for the grid and private wire customers nearby, together with heat supplies to district 

heating and industrial users within the immediate location. The plant will be designed, installed and 

commissioned on a turnkey basis by a world class EPC contractor working with approved plant 

designers/manufacturers. There is a preferred option of operations and maintenance (O&M) by the same 
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contractor, or a partner organisation, which consequently can guarantee a minimum number of operational 

hours/generated power per annum. 

 

The project has an ambition to close the circle on environmentally damaging power generation and will 

convert waste to energy as efficiently as possible with minimal emissions but intends also to extract CO2 

from the exhaust stack and utilise that CO2 as a value-added product. The project is in discussion with several 

innovative companies and academic institutions who are developing and proving such technologies 

currently.  

2. Location 
The plant will be located on a ten-acre site situated within the larger site formally occupied by the paper mill 

owned by International Paper. The site was sold in 2010 and purchased by Kirkwood Commercial Park Ltd for 

development, primarily for warehousing. The ten-acre plot for the Agile Energy Recovery Ltd. ErF Plant is 

outlined in red within Figure 3.  

 

 
Figure 3 - Location Maps at Regional and Local Level 

The site is well serviced by road from 

Aberdeen and all points further south, and by 

ports along the east coast of Scotland with 

facilities and service companies supplying 

heavy lift and transport associated with the 

offshore oil and gas industry.  

 

There are heavy duty foundations, pile caps 

and hard standing within the footprint of the 

old paper making machine building (now 

demolished) which can be seen in Figure 4 - Aerial 

Photo of EfW Site - outlined in red with paper making machine building - outlined in yellow 

EfW Plant site of 10 acres (outlined in red) 

Figure 2 - Energy Recovery Plant Site (outlined in red) 
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Figure 4 - Aerial Photo of EfW Site - outlined in red with paper making machine building - outlined in yellow 

3. Executive Summary 
The Scottish government is committed to reducing the quantity of waste going to landfill to meet the 

requirements of the landfill directive. Practical and financial considerations limit the quantity of waste that 

can be re-used, recycled, or composted. Thermal treatment will therefore play a role in the achievement of 

landfill diversion targets ahead of the outright ban in 2025. The Project has spent 4 years considering both 

the technical and commercial viability of different technologies for the most efficient processing of waste 

and energy recovery to produce both heat and power.  

 

Project report ref: ‘AERI-01-2.2-GEN-REP-007 Primary Technology Options Report’ (Figure 5 below) provides 

the background to the selection process, lists, and briefly describes, the technologies considered for 

application on the project and provides the rationale for the choice of circulating fluidised bed (CFB) 

technology. This report provides further information with particular emphasis on the benefits of CFB 

technology where emissions are the focus. 

AERI-01-2.2-GEN-REP

-007 - Primary Technology Options Report August 2020.pdf
 

Figure 5 - Primary Technology Options Report 

 

4. The Role of Geography  
Indirectly, geography played a significant role in the process of technology selection which in turn has been a 

significant factor in emissions and emission mitigation.  
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Waste collection, particularly in the primary target sector of commercial and industrial waste (C&I) is carried 

out by small family-owned local businesses. As such they have no significant access to sophisticated waste 

processing capability and indeed there is only one clean mechanical recycling facility (MRF) in North East 

Scotland. When designing the Thainstone Plant the project had to consider this very important factor and 

accept that the project had to offer: 

1. An ability to take waste that might come in all shapes/sizes/formats 

2. An ability to take waste that contains recyclates in the form of metals, inerts mineral materials and 

hard plastics and be able to remove those materials from the waste stream. 

The consequence of these two seemingly simple requirements, meant that the project had to be able first to 

shred and then separate/remove the recyclates from the refuse derived fuel (RDF). This then focussed our 

technology selection naturally toward CFB or gasification. We rejected gasification for a number of reasons 

which have been explained elsewhere and chose CFB for its inherent efficiency/combustion stability and low 

at-source production of emissions without the need for SNCR and the risk of plant upset high emission 

events.  

5. Circulating Fluidised Bed Technology (CFB) 
 

5.1. Introduction 
Circulating Fluid Bed combustion technology is a single stage combustion process but differs from grate 

firing technology in that the fuel is fully entrained in a moving (circulating) hot mass of sand particles and 

hot combustion gases. Fuel particles are typically credit card size and smaller which allows the 

temperature rise of the fuel to gasification stage to take place very quickly.  

 

5.2. Furans and Dioxins  
The fast rise from ambient storage temperature to gasification/combustion temperature prevents the 

relatively high production of furans and dioxins experienced in grate firing technology where relatively 

large pieces of fuel are dumped cold onto the top part of the grate where they can spend several 

minutes being raised to gasification temperature during which time furans and dioxins can be produced, 

particularly where relatively low temperature ranges (in the region of 350 degC) can be experienced by 

the fuel as it’s temperature is raised and before gasification takes place. It may be understood therefore 

that the less time fuel spends within the danger temperature zone, the less likelihood of formation of 

furans/dioxins given that the other pre-requisites to potential formation exist in the fuel. In the gaseous 

phase, formation of furans/dioxins takes place at elevated temperatures beyond the controlled levels 

around 850-900 degC in the furnace. This ability to control the combustion temperature is generally 

found in all modern combustion technologies thus leaving the issue of low temperature formation on 

suitable fuel surfaces as the one to be addressed and avoided when choosing technology and in detailed 

process design. 

 



Project Name: Inverurie Energy Park Development Ref. No.: 

 
AERI-01-2.2-GEN-REP-013 

The Role of Emissions in Technology Selection  Date effective : 15 Dec 2020 

Revision I02: additional information regarding CO2 and CO2e emissions and comparison with landfill added  Revision No. : I02 

Date revised : 12 Jan 2021 

Page : 6 of 11 

 

5.3. Oxides of Nitrogen 
CFB technology, compared to grate firing technology adds fuel on a continuous, steady state basis to the 

furnace. In the case of the Thainstone design, fuel is added continuously to the furnace at around 

7kg/second. Fuel particles are immediately entrained in the highly mobile mixture of flue gas and sand 

particles and are instantaneously raised to gasification temperature and beyond to combustion 

temperature. There is virtually no residence time within the solid phase temperature zone (350 degC) 

where furans/dioxins are produced. Unlike grate firing technology CFB returns hot flue gas and sand 

particles (together with any unburnt fuel) to the primary furnace and this process provides for a very 

controlled addition of pre-heated ambient primary and secondary air and a highly efficient combustion 

process, where excess oxygen is minimised.  

 

Unlike grate fired technology, CFB has a very high gas to fuel mass ratio, low oxygen content, and high 

burnout rate. This leads to very low NOx formation, indeed to such an extent that NOx levels are below 

IED and BAT-AEL requirements and such that SNCR is not required. Besides other technical/commercial 

benefits this means that there is no possibility of ammonia (NH3) emission to atmosphere in the event of 

plant upset conditions. Provision is made, depending on the vendor (Foster Wheeler/Sumitomo or 

Valmet) for pre-FGT package treatment inclusion of on demand, real time ozone injection to oxidise any 

remaining fuel originated NOx. However, the combination of low fuel bound nitrogen, Low Excess Air 

firing with low/no flame combustion in CFB technology means that there are very low fuel NOx 

emissions.  

  

5.4. Carbon Emissions 
Typically, carbon emissions in combustion facilities occur in the form of both carbon dioxide (CO2) and 

carbon monoxide (CO). CO2 emissions are unavoidable with current technology and CO emissions are 

controlled by the combustion control system and its ability to control the amount of excess oxygen, 

Figure 6 - Foster Wheeler - Key Advantages of CFB 

https://www.shi-fw.com/clean-energy-solutions/cfb-boilers/
https://www.valmet.com/energyproduction/cfb-boilers/
https://www.linde-gas.com/en/processes/emissions_solutions/lotox/index.html
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ensuring that excess oxygen is maintained in the range 0-3%. CO will form only where the combustion 

process is starved of sufficient O2. 

 

CO2 emissions are considered as two types: fossil fuel (plastics) sourced carbon, and current eco-system 

carbon often referred to as ‘renewable’ (wood, paper, cardboard, natural fibre textiles and food wastes) 

and the typical ratio for any refuse derived fuel plant is 65% current ecosystem and 35% fossil. This ratio 

changes and will continue to change as recycling rates and focus, markets for recyclates and government 

regulation and subsidised encouragement of recycling changes. While the project has intention to fit a 

carbon capture and utilisation plant at a later date, this is not possible presently, since the technology is 

not proven at commercial scale so far.  

5.4.1. Carbon Emissions Compared to Landfill  
Since the project is diverting biogenic waste from landfill it is relatively easy to calculate the production 

of methane which will be prevented by the plant. It is also easy to calculate and prove that given the 

prevention of methane production and an assumption that methane is 25 x more damaging as an 

atmospheric greenhouse gas, the plant is in effect carbon neutral by this fact, up to a point where the 

plastic content exceeds around 11% by weight. 

 

Assumptions:  

1. CO2 emitted as a consequence of burning biogenic material which has its origin in the current 

ecosystem, such as wood, paper, cardboard, cotton fibres etc is considered carbon neutral and 

also by some definitions renewable. 

2. CO2 emitted as a consequence of burning residual plastic materials is fossil carbon and 

considered a GHG and is not current ecosystem carbon i.e. anthropogenic.  

3. The mix of current ecosystem biogenic material and residual plastic in the waste stream will be 

around 90%:10% by weight  

4. Landfill gas primary constituents are methane (CH4) 60% and carbon dioxide (CO2) 40% 

5. The plant will prevent and displace the production of methane from landfill at a rate of around 

2.0Te carbon dioxide equivalent (CO2e) – see Figure 7 below.  

Figure 7 - GHG Emission from Landfill (source: Evaluation of landfill gas emissions from municipal solid waste landfills for the life-cycle 
analysis of waste-to-energy pathways. Uisung Lee*, Jeongwoo Han, Michael Wang Systems Assessment Group, Energy Systems Division, 
Argonne National Laboratory, 9700 South Cass Avenue, Lemont, IL 60439.  
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6. The plant fuel will be around 200,000 tonnes (Te) annually secured from separating up to 

220,000 of waste received at the plant into recyclates (up to 20,000 Te) and fuel (200,000Te).  

7. The fossil carbon emission to atmosphere will come from a maximum of 20,000 tonnes 

annually of mixed soft plastics.  

8. CO2 emission from burning mixed plastic is 2.8Te/Te of plastic. This figure is increased in the 

balance calculation to account for plastic ‘contamination’ of other materials such as paper, 

textiles.  

9. Transport emissions are ignored by assumption that transport to the plant produces no more 

emissions than transport to landfill. In reality emissions will be less to the plant located at 

Thainstone compared to landfill at Stoneyhill landfill near Peterhead which is the default 

biogenic material landfill site for the region.  

 

Conclusions: 

1. The Thainstone plant (the plant) will displace gas fired power generation at a rate of 8,0000hrs 

x 30MWe x 0.18kg/kWh = 43,200 Te CO2e 

2. The plant will displace around 39,000 Te CO2e/annum by virtue of diverting a minimum of 

180,000Te (180,000 x 2Te CO2e over landfill lifetime) of biogenic material from landfill while 

the balance of fuel will be residual mixed soft plastics 

3. The CO2 produced by burning the plastic content within the waste stream will be 20,000 x 3.87 

= 77,400 Te CO2. Note that this figure includes for raw waste plastics plus plastic 

‘contamination’ such as plastic tape on paper and cardboard and synthetic textiles. Raw plastic 

has a value of 2.8 Te CO2e when burned.  

4. The CO2 produced by burning 180,000 Te of biogenic waste is around 324,000 Te CO2 but is 

ignored in the carbon balance equation here since it is current ecosystem carbon. This is argued 

by many, but the carbon sequestered in managed forests (FSC Certified) is generally achieved 

within a cycle that is shorter that an average human lifespan and can thus be reasonably 

considered renewable. We acknowledge however that the Local Development Plan (LDP) does 

not include biogenic wastes as ‘renewable’ within the formal definition provided within the 

document.   

5. The carbon balance equation for the plant thus becomes: 

 

CO2 from burning plastic (+77,400Te), minus CO2 emissions displaced from a gas fired plant equivalent (– 

43,200Te), minus CO2 equivalent GHG emissions displaced from landfill (– 39,000Te) = negative 4,800 Te 

CO2e 

 

NOTE: The carbon balance figure is necessarily approximate but takes account of some plastic content 

contained within and upon paper/cardboard waste such as plastic films and tapes and synthetic materials 

content within mixed textiles and leather/rubber wastes. Values and results have been confirmed by 

modelling using the Institute for Global Environmental Strategies’ ‘Estimation Tool for Greenhouse Gas (GHG) 
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Emissions from Municipal Solid Waste (MSW) Management in a Life Cycle Perspective’ by Nirmala Menikpura 

and Janya Sang-Arun1 

   

5.5. Acid Gas Emissions  
Acid gas emissions are controlled by the addition of calcium oxide to adjust the pH to the fluid bed 

material and provision for this is made in the design.  

 

6. Contact 
For further information, please contact the directors: 

 

Graeme Taylor – Business Development Director 

Email: graemetaylor@agileenergy.net 

Cellphone: 07801 307692 

 

Alf Robertson – Managing Director (paper author) 

Email: alfrobertson@agileenergy.net 

Cellphone: 07746 050948 
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