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Abstract - The primary energy providers to South Africa's 

economy are the coal, gas, and oil sectors – fossil fuels. 

Each of these industry sectors produces goods for the 

market or generates electricity using particular 

technologies. Therefore, South Africa's energy supply is 

significantly carbon intensive due to its heavy reliance on 

these fossil fuels. Upon combustion these fossil fuels 

produces harmful emissions. In efforts to continue using 

the already available carbon intensive resources, 

mitigation efforts should be undertaken and advanced. 

The commercially available Coal Circulating Fluidised 

Bed (CFB) technology is one of the recommended coal to 

power pathways. It is best adapted to manage the 

relatively poor and variable quality of South African coal. 

Furthermore, it is recommended that a coal CFB plant be 

developed with the greatest possible technology to fulfil 

global requirements for flue gas pollutant emission limits,  

in order to support future environmental consequences 

assessments.  

I. Introduction 

Circulating Fluidised Bed (CFB) combustion is a technology 

capable of cleaning fossil fuels during combustion. To 

promote more efficient chemical reactions and heat transfer 

during combustion, CFB uses a fluidised bed, an apparatus 

that blends coal, air, and a sorbent like limestone. Combustion 

takes place in a fluidised-bed combustor when turbulence in 

the bed is produced by a constant stream of primary 

combustion air, which suspends a combination of fuel, a 

sorbent, and fuel ash particles. The particles can flow freely 

between the solids in the gas cushion, giving the bed a 

fluidised, liquid-like appearance, [1].  

II. Background 

A rise in academic interest in CFB has been occurring since 

the late 1970s. The main reasons for the rise in attention 

included the use of riser reactors with CFB technology in 

petroleum refineries for fluid catalytic cracking, the benefits 

of CFB combustion systems for the environment, and, to a 

lesser degree, the effectiveness of CFB technology for 

calcination reactions and Fischer-Tropsch synthesis. 

Commercialisation of some CFB processes began in the 

1980s. Five international CFB conferences were held with 

great success by 1985, [3] In the past 30 years, CFB 

combustion power generation technology has advanced 

considerably, reaching full commercial availability at 

capacities of up to 600 MW, [4]. 

 
1 South African National Energy Development Institute (SANEDI) 

 

Figure 1 Circulating fluidised bed (CFB) furnace, , 

electrostatic precipitator, [2] 

III. Design and Application 

Temperature, gas velocity, gas/solids residence periods and 

solids circulation rates are the key operational parameters 

chosen in the design of a CFB furnace. These are chosen after 

a thorough assessment of the fuel and sorbent characteristics. 

A CFB combustion boiler's ability to operate successfully and 

efficiently depends on the furnace's current design, [1]. The 

Fischer–Tropsch synthesis, butane oxidation to maleic 

anhydride, and fluid catalytic cracking (FCC) are the most 

widely used industrial applications. Nonetheless, certain 

industrial applications for catalytic gas–solid reactions 

necessitate high static pressure (gas-phase polymerization of 

α-olefins) or high gas densities (FCC-process), [5] 

IV. Global deployment of CFB technology 

The International Energy Agency reports that while CFB 

installations are increasing, they still only make up around 2 

percent of the world's total power generating capacity. 

Approximately 600 coal-burning CFB power generating units 

are already in operation, and an additional 180 units, or over 

26 GW, are planned or under development. The bulk of these 
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new units are situated in China, where CFBs provide around 

10% of the nation's coal-fired electricity, [5] 

According to Statista, [6], In the last ten years, CFB plants 

with an installed capacity of 7.5 GW made up just 1% of the 

total. A breakdown of the split of sub-critical, SC, and USC 

plants for circulating bed technology is absent from the data. 

Although there are presently CFB plants using USC2 

technology, there is still a rather small global market 

penetration rate. 

 

Figure 2 Most installed combustion technology of 

operational coal power plants worldwide as of July 2023, 

[5] 

V. Particle size distribution 

In the area of mathematical modelling and simulation of 

combustion in CFBs, not much has been accomplished. This 

could be explained by the complicated processes involved in 

the combustion process that take place in a CFB combustion, 

such as chemical reaction, heat and mass transfer, 

combustion-induced particle size reduction, fragmentation 

and other mechanisms, and gas and solid flow structure, [7]. 

In the CFB boiler, the solid concentration distribution, 

combustion fraction distribution, and coal combustion 

behaviours are all influenced by the particle size distribution 

(PSD) of the coal being fed into the boiler. Particle size 

distributions for various feeding coals are empirically 

determined in engineering; for example, the mean particle 

size of lignite is bigger than that of anthracite. However, there 

is still a lack of precise study on the PSD of various feeding 

coals, [8]. 

In general, the bed material in a CFB boiler has a fairly wide 

spread of particle sizes. The behaviour of all the bed particles 

cannot be adequately represented by a determined average 

particle diameter. Because of their different densities and 

diameters, the particles will be separated. When flue gas 

passes through the boiler, only fine particles can become 

entrained. Most big particles stay in the furnace's bottom. The 

lower part of the furnace has substantially higher particle 

concentrations than the upper part, [7]. 

 
2 Ultra Supercritical 

VI. Benefits of CFB 

One of the main reasons CFB combustors are used so widely 

in industry is because of their superior environmental 

performance. Coal can be burned with great efficiency and 

within permissible emission pollution limits in a well-

designed CFB combustor. When considering the atmospheric 

environmental circumstances, the primary emission 

pollutants in CFB combustors are the CO, CO2, SOx, Nox, and 

char content in stack gases. [9]. Because of the comparatively 

low combustion temperature, NOx emissions from CFB 

systems are naturally low. In order to reduce SO2 emissions, 

limestone is fed into the combustion system, usually resulting 

in a 95% reduction. However, like with other coal plant 

designs, additional NOx and SOx removal operations can be 

included in the downstream flue gas system depending on the 

quality of the feedstock, [11] 

VII. Risk and Issues 

Below, SANEDI’s Cleaner Fossil Fuels Roadmap report 

identified risks and issues with the CFB technology, [10]: 

• CFB solids separation system is prone to erosion 

due to the nature of the circulating material. 

Careful design of the system and appropriate 

selection of equipment materials of construction is 

key to reduce risk of equipment failure. 

VIII. Success Factors and Benefits 

Below, SANEDI’s Cleaner Fossil Fuels Roadmap identified 

success factors and benefits with the CFB technology, [10]:  

• Where coal quality is very variable in terms of 

heating value, ash content and contaminant levels, 

CFB technology performs better compared to PC3 

technology due to the longer residence time for 

higher efficiency fuel combustion and the 

opportunity for limestone injection to capture 

sulphur oxides in the bed. 

• Emissions of SOx and NOx are significantly reduced 

without the addition of expensive flue gas emissions 

control systems. This is because the combustion 

temperature in a CFB boiler (800–900 ºC) is 

significantly lower than in a PC boiler (1,300–1,700 

ºC), which results in considerably reduced NOx 

formation compared to PC. 

• CFB boilers are better for on cycling than their PC 

counterparts. High turndown ratio down to 40% is 

an advantage of CFB technology. The minimum load 

of PC boilers without supplemental fuel is only 

around 80%. 

• Most of the sulphur in the coal is captured by 

limestone that is injected into the furnace; about 

90% to 95% SO2 reduction can be achieved. 

• The development of water or steam cooled cyclones 

has significantly improved the availability and 

maintainability of CFB plants. 

3 PC – Pulverised Coal 
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More benefits of the CFB technology over the PC 

technology are presented in the table below, [11]: 

Table 1 Benefits of Coal CFB vs  Coal PC 

Description Coal CFB Coal PC Benefits of Coal CFB 

Fuel size 6-12 mm <75 μm Milling cost is 
reduced 

Fuel range (Ash 
plus Moisture) 

Up to 75% <50% Accepts wider range 

High sulphur fuels 
(1-6%) 

Limestone 
injection 

FGD plant 
required 

Less expensive SO2 
removal system 

Auxiliary fuel 
support (oil and 
gas) 

Up to 20-
30% 

Up to 60% Less oil consumption 

Auxiliary power 
consumption 

Higher Lower If FGD is used in PC 
Coal, CFB power is 
lower 

Emissions SO2 
ppm 

<200 ppm <250 ppm 
with FGD 

Lower emissions in 
process.  

NO2 ppm <100 ppm 
with SNCR 

<100 ppm 
with Selective 
Catalytic 
Reduction 
(SCR) 

Cheaper non catalytic 
SNCR required for 
CFB. 
SCR system required 
for PC boiler. 

Boiler efficiency % Same Same No difference 

O&M cost 5-10% 
lower 

5-10% higher Lower because of less 
moving equipment 

Capital cost 5-10% 
higher 

5-10% lower 
without FGD 
and SCR 

 

 8-15% 
lower  

8-15% higher 
with FGD and 
SCR 

 

 

IX. CFB in Supercritical steam technology 

CFB technology entered a new phase of development in June 

2009 with the opening of the Łagisza power plant in southern 

Poland's Katowice region. In addition to being the most 

sophisticated CFB steam generator in operation anywhere in 

the world at that time, the Łagisza plant's CFB boasts special 

first-of-a-kind design elements like low-temperature flue-gas 

heat recovery system and vertical-tube supercritical steam 

technology, which enable the plant to reach an extremely high 

net plant efficiency of 43.3% (based on the fuel's lower 

heating value). The Łagisza CFB is noteworthy for meeting 

all atmospheric emission limit levels without the need for 

post-combustion de-NOx or de-SOx equipment, such as flue-

gas desulphurization (FGD) or selective catalytic reduction 

(SCR), [11]. 

X. CFB vs PC 

One significant distinction is that the CFB uses a continuous 

hot solids return system to the furnace, which has several 

benefits. Good carbon burnout and uniform heat flow 

throughout the furnace and return system are the results of the 

CFB hot solids circulation system's thermal "flywheel" 

action, which lengthens the solids retention period, [14] 

 
4 OTSC - Once-through Supercritical Technology  
5 IPP – Independent Power Producer 

 

Figure 3 Comparison of the features of the large scale 

OTSC4 PC & OTSC CFB 

XI. CFB Development in South Africa 

In 2011, in the Mpumalanga region of South Africa's 

Emalahleni area, Anglo American had started a commercial 

procurement process for the delivery of a 450-MW power 

station powered by discard coal. Anglo American’s Thermal 

Coal (AATC) business unit would provide the proposed IPP5, 

which would use CFB technology. A 25-year PPA6 would be 

used by Anglo American's Platinum (AAP) business to 

acquire all electricity, which would be distributed to many of 

its activities via the Eskom network, [15].  

According to the Centre for Environmental Rights [16], The 

Pretoria High Court announced that the environmental permit 

for the proposed 600 MW Khanyisa coal-fired power facility 

had expired in a ruling dated May 27, 2021. The building of 

Khanyisa would have occurred in the outskirts of Emalahleni, 

an area already affected by toxic air pollution. Furthermore, 

the banks withdrew their support of the coal fired power 

station. As of September 2018, Standard Bank had confirmed 

in writing that it was not currently participating in financing 

the Thabametsi or Khanyisa coal projects. Nedbank stated in 

January 2019 that it was going to stop funding the coal-fired 

power plants in Thabametsi and Khanyisa. In addition, the 

bank said this move was in keeping with its commitment to 

"green" funding, responsible lending, and supporting 

sustainability programmes and that it will not be renewing its 

first proposal to fund the building of the IPPs in Khanyisa and 

Thabametsi, [17].  

XII. Conclusion 

The CFB technology adoption has been rising over last two 

decades. Even with this rise, the IEA reports the technology 

still only makes up around 2 percent of the world's total power 

generating capacity. However, there an estimated of 600 coal-

burning CFB power generating units that are already in 

operation, and over 26 GW planned or in development. The 

CFB technology is the recommend over the PC technology 

because of its reduced costs in milling, SO2 removal systems 

and operation and maintenance. It further performs better in 

auxiliary fuel consumption, and is suitable for poor and 

variable coal that South Africa has. In 2009 the technology 

proved it can be used alongside the supercritical steam 

technology, with improved results of high net plant efficiency, 

meeting emissions limits and not needing post combustion 

6 PPA – Purchase Power Agreement 
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NOx and SOx equipment, this may be beneficial to Kusile and 

Medupi power stations because they employ the supercritical 

steam technology. South Africa had embarked on coal fired 

station fitted with CFB in the Khanyisa IPP, however that fell 

through because of funding and environmental 

authorisations. Plans, if any, to revive the Khanyisa project 

have not been made public. 
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