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Introduction
Black & Veatch is a leader in the global bioenergy industry. 
Our professionals provide engineering, technology, 
consulting, procurement, construction, and asset 
optimization solutions that span the life cycle of projects 
in the biomass power, waste-to-energy (WTE), and circular 
economy industries. Clients face changing business and 
regulatory environments, and they are looking for many of 
the leading customized planning, conceptual, and detailed 
design engineering, procurement, and construction solutions 
that we provide. With more than 100 global offices, our 
geographic reach allows us to bring the best the world has to 
offer, localizing the solutions that are most needed. We bring 
the expertise and capabilities critical to the efficiency and 
reliability of our clients’ power portfolios – regardless of the 
technology, scope, or location. This white paper introduces 
the fundamental design considerations associated with 
biomass- and waste-fueled power generation facilities. 
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Feedstock  
Characteristics
Solid biomass is one of humanity’s oldest fuels; 
for centuries, it has been used in the production 
of renewable energy. Biomass is predominately 
used in a localized manner to compete with 
more energy-dense fossil fuels such as coal; it 
is often harvested or generated within an 80 
to 160 kilometer (km) radius of the facility that 
converts it to electricity, heat, and/or other 
bioproducts. In many cases, biomass fuels are 
a waste or byproduct of agricultural, industrial, 
or commercial processes; thus, they can be 
relatively low cost. Compared to coal, biomass 
is often low in sulfur, nitrogen, mercury, and 
other pollutants. Additionally, it is considered 
a carbon-neutral/renewable fuel throughout 
much of the world when coupled with 
sustainable harvesting/management practices 
or carbon capture, utilization, and storage.

Raw municipal solid waste (MSW) and other 
types of commercial and industrial wastes 
are also considered to be viable fuel for 
energy recovery applications. As the waste 
management industry has evolved across 
the globe, many nations consider WTE to be 

favorable to landfilling and an integral part 
of the overall waste/resource management 
strategy, particularly in geographies with 
heavy population densities and limited landfill 
capacity. To enhance energy production, waste 
materials can be processed into either a refuse 
derived fuel (RDF) or solid recovered fuel (SRF); 
the former entails minimal shredding and 
component separation, and the latter includes 
a host of processes to produce a product that 
meets a rigorous specification. The typical 
components of waste include the following:
	● Recyclables: metals, glass, plastics, clean fiber 

(paper/cardboard).
	● Soiled or non-recyclable materials.
	● Textiles.
	● Organics: food/yard waste, biomass.
	● Electronics, appliances, and oversized wastes.
	● Hazardous wastes.
	● Inerts: rocks, sand, ceramics, concrete.
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Table 1 shows a representative SRF fuel quality specification, and subsequent sections of this white 
paper discuss how such SRF may be produced.
 
Table 1. Representative SRF Fuel Quality Specification

Parameter Units Range Design Target
Net CV MJ/kg (as received) 11.0 to 16.0 15

Moisture Weight % (as received) 15 to 35 25

Biomass Weight % (dry) >40 60

Ash Weight % (dry) 10 to 25 17

Sulfur Weight % (dry) 0.2 to 0.84 0.5

Mercury mg/kg (dry) <2 0.5

Metals Weight % (dry) <0.1 0.1

Tramp Weight % (dry) <3.5 2

Glass Weight % (dry) <2 0.5

Fines Weight % (dry) <10 5
 
The dispersed nature of biomass/waste feedstocks usually limits the capacity of power generation 
facilities to about 10 to 100 megawatt electric (MWe), the implications of which include lower plant 
energy efficiency, higher specific capital expenditures (CAPEX), higher specific operating expenses 
(OPEX), and higher maintenance expenses compared to large-scale conventional generation units. 
In the early stages of project development, it is important to elucidate the feedstock sourcing strat-
egy by conducting a resource characterization/ assessment to clarify the fuel properties and 
quantify the amount of available fuel within a reasonable distance from 
the plant. In addition to the resource assessment, a fuel pro-
curement plan is critical for demonstrating the long-term 
economic viability of the project needed to support 
financing.
Biomass and waste 
feedstocks come with 
unique resource 
supply risks that 
must be properly 
managed throughout 
the life cycle of a 
material management 
and energy generation 
project. Because these 
fuels are often byproducts of 
human activity or natural events 
(e.g., infestations, drought), their 
availability is linked to external, dynamic market 
forces. Although many potential fuel suppliers 
may be available, competition for resources 
normally prompts suppliers to sell into the 
markets that generate the greatest value. Given 

that the use of biomass/
waste resources as a fuel 
for power generation 
is often the lowest 
value use for such 
resources, contracting 

can sometimes pose 
challenges for developers 

and must be clarified early 
in the development process. 

Finally, in certain regions, the 
lack of locally-available resources 

necessitates that such materials be 
processed and densified for export, as seen in 
the case of wood pellet shipments from North 
America to the United Kingdom and Japan. 
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Power/Heat 
Generation  
Plant Design 
Considerations
One of the most important aspects of plant 
design for biomass energy and WTE applications 
is fuel handling and storage. Handling and 
storage systems must be designed specifically 
for the fuel of interest and often cannot be 
readily used with multiple fuel types. Specific 
functions served by the fuel handling system 
include receiving and unloading, stockout, 
reclaim, processing (e.g., sizing and drying), 
delivery to boiler, fire protection, and dust 
control. The key design factors associated 
with handling and storage systems include 
feed rates, delivery schedule, and geometry of 
available space. Biomass (e.g., logs and chips) 
is often stored on-site in open piles; pellets 
and waste fuels frequently require covered 
storage. Stored fuel can be manually managed 
using mobile equipment or automated using 
a variety of mechanical stacking/reclaim 
systems. In general, enclosed storage systems 
and automated systems require higher CAPEX 
investments.

Given the heterogeneous nature of MSW and 
potential presence of revenue-generating 
recoverable components, pre-processing can be 
performed in a material recovery facility (MRF). 

MRFs use a combination of mechanical  
shredders/classifiers, sensor-based separators, 
and conveyors to separate MSW into its 
recoverable fractions. Some of the automated 
technologies available and associated 
recoverable materials include the following:
	● Fines (rotary drums and disc screens).
	● Ferrous metals (magnetic separators).
	● Non-ferrous metals (eddy current separators).
	● Plastics (optical/near-infrared detectors and air 

separators).

MRFs can also include biological treatments 
to further process, separate, or stabilize the 
organic/biodegradable fraction of MSW. Such 
facilities are referred to as mechanical biological 
treatment (MBT) plants and can include the 
production of compost via aerobic stabilization, 
RDF or SRF via bio-drying/autoclaving, and 
biogas or renewable natural gas via anaerobic 
digestion. In general, the decision to include 
MRF or MBT as part of a broader WTE project 
is largely contingent on suitable pricing for 
separated fractions, sufficient feedstock supply, 
sufficient tipping fees, and the existence of 
regional landfill diversion mandates to justify 
the higher CAPEX/OPEX associated with 
additional unit operations.
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The primary conversion technologies used in biomass and waste power/heat generation 
applications include thermochemical (i.e., direct combustion, gasification, and pyrolysis) and 
biological (i.e., anaerobic digestion or anaerobic biodegradation via landfilling). It is particularly 
imperative to note that fuel characteristics drive conversion technology selection; composition 
(i.e., moisture, ash, contaminants), particle sizing, processing, availability, and transportation 
requirements are of the highest importance. In general, thermochemical conversion processes are 
favored for low moisture (approximately ≤40 percent by weight) feedstocks; biological processes are 
preferable for high moisture (approximately ≥60 percent by weight) fuels. 

Direct Combustion Overview

Biomass power and WTE plants are principally 
based on a Rankine cycle design.1 In this 
process, steam is generated in a boiler, fed to 
a steam turbine generator (STG) to produce 
electric power, and condensed before returning 
to the beginning of the cycle. Biomass and 
waste fuels are typically fired in a stoker (i.e., 
vibrating grate) or fluidized bed boiler with 
typical steam conditions as follows:
	● Steam Temperature: 480° C to 540° C.
	● Steam Pressure: 6.2 to 10.4 megapascals (MPa).
	● Reheat not economical <100 MW.

STGs typically used for these applications 
include condensing-type for power only systems 
or back-pressure STGs for combined heat 
and power plants. Air quality control (AQC) 
considerations are also important to note in 

direct combustion, particularly with respect 
to biomass and waste fuel characteristics. 
Specifically, these feedstocks tend to have 
lower sulfur content but higher alkali metal 
content, the latter of which can have a 
significant impact on ash composition and AQC 
equipment corrosion. In addition, mitigating 
the production of particulate matter, nitrogen 
oxides, dioxins, and furans must be forefront in 
the design and operation of an effective boiler/
AQC system. Furthermore, AQC systems often 
represent a significant portion of the CAPEX 
and physical footprint for modern WTE plants. 
Finally, relative to coal, biomass and waste fuels 
typically have lower ash but higher mineral 
content that may lead to the formation of slag 
or clinkers, thereby inhibiting steam generation, 
AQC, or ash handling system performance. 

1 McClernon, Mark. “Chapter 3: Thermodynamics and Power Plant Cycle Analysis.” Power Plant Engineering: by Black & Veatch, 6th ed., CBS 
Publishers and Distributors, 2005, pp. 39–70.
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Gasification Overview

Gasification of solid feedstocks involves the 
conversion of carbonaceous material in a 
reducing atmosphere to produce a mixture of 
hydrogen and carbon monoxide, or synthesis 
gas (syngas). Essentially, gasification is the 
reaction of biomass or waste fuels with an 
oxidant (i.e., air, oxygen, or steam) in a sub-
stoichiometric condition. Byproducts of 
gasification include biochar, ash, and/or slag, 
depending on the operational conditions of the 
gasifier. Typical operating temperatures 
range from approximately 650° C 
to 1,600° C, while operating 
pressures can vary 
from atmospheric 
up to about 6 MPa. 
A number of 
different reactor 
configurations 
(e.g., fixed bed, 
fluidized bed, 
indirectly-
heated) are 
available 
that have a 
significant impact 

on syngas quantity and quality as well as the 
specific byproducts generated. 

After gasification, the resultant syngas can be 
fired in a close-coupled heat recovery steam 
generator to produce electric power via a 
process similar to direct combustion or can be 
cleaned and upgraded to a fuel gas that can be 
directly fired in an electromechanical energy 
conversion machine such as reciprocating 
engine generator or combustion turbine 

generator. In general, gasification 
is not expected to have 

substantial energy 
efficiency benefits 

for simple cycle 
power generation 

applications 
compared 
to direct 
combustion but 
has been shown 
in some cases to 
limit particulate 
emissions when 
coupled with 

syngas cleaning. 
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Co-Firing and 
Repowering 
Opportunities
Opportunities for the co-firing of biomass or 
waste fuels with coal or completely repowering 
a coal-burning station should be assessed using 
a set of key technical parameters, which include 
the following:
	● Fuel characteristics and handling and storage 

requirements.
	● Resource availability and cost.
	● Plant condition and expected remaining life.
	● Plant conversion CAPEX/OPEX.
	● Steam cycle performance impacts.
	● Air emissions and permitting challenges. 

Direct co-firing scenarios involve the direct 
combustion of biomass and waste fuels with 
coal in existing boiler systems; in which case, 
fuels can be blended before they are fed to 
the boiler or they can be separately injected 
into the boiler. Alternatively, indirect co-firing 
involves the processing of biomass or waste in 
a separate combustor/reactor; after which, the 
products are utilized by the existing thermal 
systems. Examples of indirect co-firing include 
the use of separate boilers in a cascaded 
configuration or the use of a gasifier to produce 
syngas that is fed to the existing coal boiler 
system. The technical and economic feasibility 
of each of these options would need to be 
assessed using the key technical parameters 
and compared to determine their relative merits 
in achieving the co-firing project goals.

Although biomass and waste fuels can be 
feasibly co-fired with coal at most sites, it is 
prudent to note that all fuel-related plant 
subsystems will have the following impacts that 
must be fully understood: 
	● Fuel milling/feed systems.
	● Steam generation:
	● Unburned carbon.
	● Loss on ignition.
	● Slagging/fouling. 
	● Corrosion.
	● Ash utilization.
	● AQC:
	| Heavy metal capture (i.e., activated carbon).
	| Selective catalytic reduction (SCR) catalyst.
	| Electrostatic precipitator (ESP) efficiency. 
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For coal plants that have an interest in fully 
repowering the facility on biomass or waste 
fuels, the impacts to boiler performance 
must be determined through preliminary 
engineering design and performance modeling 
using software tools such as the Electric Power 
Research Institute (EPRI) Vista application.2 
Repowered units often see de-rating or other 
limitations due to unit operations such as fuel 
handling and feed systems because of the 
lower volumetric fuel energy density of biomass 
and waste fuels relative to coal. Additionally, 
AQC subsystems such as the SCR may be 

susceptible to catalyst poisoning as a result of 
volatized alkali metals; ESP performance may 
be negatively impacted because of smaller ash 
particles and lower sulfur oxide production. In 
some cases, these de-rates may be mitigated 
through the modification or installation of new 
plant equipment; however, such improvements 
need to be carefully considered in terms of 
the available space within the plant, additional 
CAPEX, and potential improvement in net power 
generation. 

2 “EPRI Vista™ Fuel Quality Impact Modeling.” Vista Web Server, Black & Veatch and Electric Power Research Institute, 2020, www.myvistasource.
com.
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Conclusions
Based on the factors highlighted in preceding sections, Table 2 lists some of the relative benefits 
and disadvantages associated with development of a stand-alone biomass- or waste-fueled power 
station compared with co-firing and repowering in existing coal assets. 

Table 2. Relative Benefits and Disadvantages of Biomass/Waste Fueling Options

Biomass/Waste  
Fueling Option Relative Advantages Relatively Disadvantages

Stand-Alone

New generation capacity. High CAPEX.

Boilers can be designed for  
more problematic fuels.

Secure, long-term resource supply 
required.

Less efficient heat rate.

Co-Firing

More efficient heat rate. Likely reduction in net generation.

Low CAPEX.
Potential performance impacts of key 
generation for small utilities.Utilization of existing asset.

Less susceptible to supply constraints.

Repowering

Older asset life extension. Likely reduction in net generation.

Low CAPEX.
Secure resource supply required.Less performance impact of key  

generation for small utilities.

In summary, it is critical to bear in mind the 
unique properties associated with biomass 
and waste fuels for power/energy generation 
applications. Resource availability, fuel quality, 
and fuel handling and storage subsystems 
all require special attention to ensure that 
a project is technically and economically 
viable. Additionally, feedstock properties will 
ultimately dictate the selection of the most 
appropriate primary conversion technology and 
associated system design. Finally, co-firing and 
repowering present promising opportunities 
for the utilization of existing assets; however, 
they must be judiciously evaluated according to 
available financial incentives, required upgrades 
and associated CAPEX/OPEX to achieve project 
objectives, and the need for a controlled 

approach to engineering, test burns, and 
permitting needs.

Black & Veatch is an employee-owned 
engineering, procurement, consulting, and 
construction company with a more than 100-
year track record of innovation in sustainable 
infrastructure. Since 1915, we have helped 
our clients improve the lives of people in over 
100 countries by addressing the resilience 
and reliability of our world’s most important 
infrastructure assets. Our revenues in 2019 were 
US$3.7 billion. Follow us on www.bv.com and on 
social media.




