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Figure 3. Techno-economic and environmental facts on the use of HFO  
 
Power generation using HFO is a commercialized technology, promoted by companies like MAN Diesel & Turbo 
(Germany)1. However, both marine and power plant HFO projects face a stiffer future from regulatory authorities 
who are tightening standards around emissions from HFOs, causing higher compliance costs. For instance, the 
International Maritime Organization has set aggressive fuel quality standards by revising the marine fuel sulphur 
limit from the current 3.5%, down to 0.5% (Kass et al., 2018). Regulations on COx and NOx are underway.  Bio-oils 
may, therefore, offer an economic alternative for the HFO since upgrading them to be compatible with distillate 
transport fuels requires high investment costs. Moreover, bio-oil has been characterized and found to be generally 
miscible with HFO, improving overall efficiency, and reducing energy requirements for heating and pumping HFO 
in a flowable state (Kass, 2019a). The key findings to date on the compatibility of bio-oil as reported by the U.S 
DOE Bioenergy Technologies Office (BETO) are summarized in Table 1: 
 
 

Table 1. Key findings on the compatibility of bio-oil with HFO (Kass, 2019b) 
 

Milestones and findings Implications 
• Bio-oil has been confirmed as miscible 

with HFO with excellent blend uniformity  
• A critical finding implying there is no extra cost when bringing 

in bio-oil to HFO infrastructure.  
• Bio-oil is a drop-in fuel in that case. 

• A viscosity study was completed for 
blends of up to 25% pine bio-oil in HFO 
at 25oC, 50oC, 90oC and 120oC.  

• Even small blend compositions of 5-10% 
dramatically reduced the HFO viscosity at 
low temperatures (25oC and 50oC).  

• There are no extra energy costs in handling HFO/bio-oil blends.  
• Instead, there is reduced energy requirements for heating and 

pumping HFO in a flowable, low viscosity state. 

• At higher temperatures, below 120oC, the 
bio-oil blends of up to 25% still exhibit 

• Bio-oils are compatible with HFO at a wide temperature range 
(within HFO operating range) and blending ratios of up to 25%. 

1 https://www.powerengineeringint.com/2016/06/14/man-diesel-delivers-heavy-fuel-oil-engines-to-comoros/  

Proceedings of the 2nd African International Conference on Industrial Engineering and Operations Management 
Harare, Zimbabwe, December 7-10, 2020

© IEOM Society International 393

https://www.powerengineeringint.com/2016/06/14/man-diesel-delivers-heavy-fuel-oil-engines-to-comoros/















	1. Introduction
	1.1 General introduction
	1.1 Objectives, approach and methodology
	2. Considerations for a sustainable model
	2.1 Technical aspects
	2.2 Socio-economic aspects
	2.3 Ecological considerations
	3. The conceptual models
	4. Conclusion



