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and reliability while reducing production costs
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Cost and efficiency traditionally are the key drivers behind 
capital investment considerations across all types of businesses. 
But increasingly, organizations are adding social responsibility 
and environmental sustainability to the project justification mix. 
This is particularly true with regard to electric power generation, 
both at public utility sites and industrial/commercial facilities 
considering onsite or captive power generation.

Environmental considerations have long driven improvements  
in conventional, fossil fuel-based power generation. At the 
same time, significant breakthroughs in renewable energy 
promise to change the future of power generation—and for the 
better. Among renewable energy sources, including solar and 
wind power, biomass and biofuels lead in growth, accounting 
for more than one-quarter of the world’s renewable energy 
production in 2008.

Simply defined, biomass is any plant or animal material, 
including crop residues, forestry waste, and animal manure. 
As such, it’s a renewable resource containing energy that 
can be converted into heat, power, or fuel. Biomass is gener-
ally regarded as having a zero-carbon energy balance, in that 
it absorbs roughly as much carbon dioxide as it releases when 
processed to create energy. The diversity of biomass sources 
presents virtually unlimited feedstock opportunities, making 
it unique among renewable energy resources. 

Biomass-based power production is growing rapidly, as 
producers adapt conventional, fossil-fuel systems to accom-
modate biomass feedstocks. In power generation, even a small 
onsite installation at an industrial site can supplement 
fossil-fuel energy to provide a strategic defense against peak 
power consumption charges, volatile energy price fluctuations, 
and budget forecast variances. 

In businesses such as paper mills or sugar plants, they are using 
the biomass waste products, which they would have to pay to 
get rid of, to actually generate power for their operations and 
selling excess power back to the grid. In some cases, a biomass 
power generation project can result in a site with a zero-carbon 
or even negative-carbon footprint , when the income from 
byproducts, credit for electricity returned to the grid, and 
government incentives are factored into the equation.

Optimizing Biomass Power Generation

Biomass Power 101
There are several ways to produce heat and electricity 
from biomass:

•	 Direct-fired:	Most	biomass-based	power	plants	produce	
combined heat and power in direct-fired systems that 
burn feedstocks to produce steam, which feeds a turbine 
that turns a generator. Steam heat is often reclaimed for 
process or facility uses. 

•	 Co-firing:	The	burning	of	coal	together	with	biomass	feed	
stocks can supplement energy in high-efficiency boilers 
while reducing emissions such as sulfur dioxide.

•	 Gasification:	These	systems	convert	biomass	into	a	gas	
using high temperatures in an oxygen-deprived envi-
ronment. The fuel gas is then burned in a gas turbine 
combined-cycle system to generate electricity.

•	 Anaerobic	digestion:	Micro-organisms	in	an	oxygen-
starved environment break down biomass to release 
methane, which can be burned to produce steam in 
boilers or specially designed turbines. 

•	 Pyrolysis:	This	destructive	distillation	process	heats	dry	
biomass in an oxygen-deprived environment and rapidly 
cools it to condense gases into liquid pyrolytic oil, an 
oxygen-rich, non-petroleum tar that can be burned as a 
liquid fuel to generate electricity—once the technology is 
commercialized, that is.

•	 Other:	Various	small,	modular	distributed	biopower	
systems are under continual development. 
Thermochemical processes are also under research.
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Biopower Process Challenges 
Like any rapidly growing field, biomass power generation is 
evolving. The diversity and geographic variability of biomass 
resources present challenges to commercialization. Processes 
not only must be able to convert energy from a range of feed-
stocks, but they must be adapted to the unique conditions of 
any given installation. 

To operate an efficient and profitable biopower installation, 
systems must be designed to flexibly accommodate variability 
in feedstock and onsite energy demand. Achieving success with 
biopower requires the operating plant to overcome a new set of 
challenges—not just with the process—but also with the process 
control system. 

Biomass feedstocks are typically inexpensive waste materials 
that offer industrial plants an opportunity to reduce energy 
costs, and in some cases, generate a profitable surplus. 
Challenges include the variability of biomass fuels, which is very 
different from that of fossil fuels. For example, paper mill waste 
may include an uneven mix of bark and wood that may burn 
unevenly; municipal waste can contain glass and other undesir-
able materials; and plant-based fuels can be fibrous and 
difficult to feed. 

In general, biomass fuels are less uniform in size, texture, moisture, 
and BTU content than their fossil fuel counterparts. This 
variability places heavier demands on operators and requires 
that processing assets be optimized with a new breed of innovative, 
application-specific control solutions. 

Figure 1				Direct	Combustion	/	Steam	Turbine	System
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In a very general sense, the variation in biofuels 
is analogous to many everyday situations. Natural 
gas flows uniformly in its delivery to homes and burns 
uniformly when used for cooking and heating. Likewise, 
gasoline and diesel fuels are easily measured and 
metered for use in transportation fuels. Such fuels 
also burn evenly as well, compared to a campfire—a 
simple example of biomass combustion—that must be 
constantly monitored and maintained to keep campers 
warm and dry, hour after hour. The “operator” must be 
vigilant and on the ready to throw another log on the 
fire when the fire begins to fade.

Turning to biomass-based power generation, combustion 
is a bit like that campfire, but much more complicated. 
In an industrial process, the “logs” and “kindling” used 
to fire a boiler must be maintained with a precision not 
built	into	Mother	Nature’s	recipe.	Commercial-scale	
boilers, therefore require mechanical as well as electronic 
controls that accordingly differ from the standard fossil 

fuel-based system. 

Fortunately, such automation systems are emerging. With diligent 
planning and flexible automation systems, utility companies, 
industrial sites, and commercial users are poised to successfully 
capitalize on the opportunities of biomass power generation.
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The Promise of Biomass
Bioenergy casts a broad economic footprint . It has been 
praised for its ability to lessen landfill loads, reduce atmospheric 
methane and carbon emissions, reduce fossil fuel consump-
tion, strengthen national energy security, and aid in rural 
development. 

In rural areas, wood, animal dung, and crop residues have been 
long used for heat and cooking. The International Energy Agency 
(IEA) has estimated that biomass energy provides 30% of the 
total primary energy supply in developing countries. But this 
does not represent a path to modernity or a fuel-efficient answer 
to the call for worldwide power. While fossil fuels remain the 
dominant source of energy in the foreseeable future, biopower 
can indeed become a critical factor in a nation’s energy mix. 

Consider Sweden: Between 1990 and 2007, the country’s gross 
national product (GNP) grew 48% even as greenhouse gas 
emissions were reduced by 9%, according to Svebio, the Swedish 
Bioenergy Association. Bioenergy helped shatter the perceived 
link between economic growth and increasing emissions, with 
bioenergy production increasing 79% during those years from 
67 TWh (terawatt-hours) to 120 TWh.

From replenishable forestry byproduct inputs to the expansion 
of combined heat and power plants, Sweden’s case provides 
motivation for both emerging and developed countries to 
consider and pursue bioenergy.

Worldwide Growth
It’s surprising to those not in the biomass industry that bioenergy 
today makes up a larger share of Sweden’s energy use than oil 
or any other source, including hydropower or nuclear power. 
Using the European Union’s definitions for renewable energy, 
Sweden is a mere 3.7% short of the European Union’s 2020 
target for Sweden of 49%. 

In the United States, biomass-based power is on the rise with 
more than 500 power plants producing more than a combined 
7,000	MW	using	biomass	from	forestry,	wood	products,	and	food	
processing industries. Biopower currently accounts for about 
1.4% of U.S. power generation, but continues to be promoted 
with tax and loan provisions in the Energy Policy Act of 2005 
and by President Obama to make alternative energy a “national 
mission”	in	the	wake	of	the	2010	Deepwater	Horizon	oil	spill.	

Similar growth in biopower is underway in developing economies, 
driven by many sources of biomass, including biofuel industry 

waste; China and India are the third and fourth largest producers 
of bioethanol, behind the Unites States (No. 1 producer) and 
Brazil (No. 2, and the No. 1 exporter).

Often, ethanol and biodiesel refineries are co-located with power 
plants to capitalize on multiple biomass-based streams and mitigate 
financial risks. For example, U.K.-based Ineos Bio plans to open a 
bioethanol production facility in 2012 to convert biodegradable 
household and commercial waste into 24,000 metric tons (30 
million liters) of carbon-neutral transport fuel while generating 
more	than	3	MW	of	electricity	a	year,	roughly	enough	to	power	
6,000 households. 

As developing economies such as China and India face historic 
levels of energy demand, they are also rapidly moving to 
increase biomass-based energy production as they attempt to 
utilize readily available energy sources and reduce reliance on 
fossil fuel-based power stations. Both nations plan to trim their 
reliance on coal, with China planning to generate one percent 
of its renewable energy from biomass by 2020, which represents 
30 GW of biopower, up from a recent estimate of 5 GW. Similarly, 
India is increasing its use of renewable electric power to include 
a greater proportion of energy from biomass. 

Optimizing Biomass Power Generation
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Variability Requires Flexibility of Control
In order to serve diverse biomass power production needs, 
equipment must be flexible enough to support a range of 
operating profiles. Toward that end, modular process designs 
incorporating easy access and fast maintenance routines are 
critical to efficient and reliable operation. Power generation 
systems that can flexibly accommodate new alternative 
feedstocks will deliver optimal returns. 

In turn, the plant’s process automation system must support 
advanced process control strategies, yet provide easy 
configuration and open integration throughout instrumentation, 
supervisory control, and performance management applica-
tions, as well as connectivity to multiple units and locations. 
Efficiency, scalability, and flexibility are key issues.

Efficiency - Today’s biomass power plants are being built as 
investments, and profit is a primary goal. Boosting efficiency, 
preventing downtime, and reducing costs are essential. But how 
do biomass power producers keep track of their production data 
and view it in the proper context to make the changes necessary 
to become the lowest-cost producer?

Scale -	Depending	upon	the	abundance	of	biomass	fuel	at	or	
near the plant, biomass power plants may become a diverse lot 
of small, medium, and large plants. But the automation of large 
plants depends upon the ability of control systems to scale up 
and	handle	increased	complexity.	How	will	quality	and	efficiency	
be managed? 

Furthermore, organizations are no longer building and operating 
a	single	plant,	but	five	or	six	plants	in	various	locations.	How	can	
centralized management keep track of production at disparate 
locations and benchmark performances? And how can they use 
that information to create a knowledge base that benefits all their 
facilities, implementing best practices across their entire enterprise?

Flexibility - New feedstocks like switchgrass, corn stalks, 
cellulose and bagasse (from sugarcane) offer significant oppor-
tunities, but significant learning curves as well. What’s more, 
many producers now want the agility to use multiple feedstocks 
in the same plant, presenting consistency and quality issues. 

Figure 2   Overview of Biomass Boiler for a Sugar Plant in India
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Control Complexities
All bio-materials delivered to a processing facility require properly 
engineered mechanical systems as well as an optimal control 
system configuration for consistent power production. Even for 
a single feedstock, there can be significant variation that systems 
must accommodate through proper design and validation. In 
turn, a biopower plant control system must not only be flexible, 
but optimized to handle every aspect of the process. 

•	 Combustion	control	must	be	optimized	for	reliable	and 
 accurate calculations, control actions, and safety assurance. 
 Achieving these goals can require special emphasis on flue 
 gas measurements and associated instrumentation.

•	 Boiler	feed-water	control	is	essential	for	the	safety	of	the 
 boiler and avoiding low water conditions, which could 
 damage the boiler or worse, lead to an explosion. A proper 
 control system for a biomass boiler should incorporate 
 advanced pressure compensation to overcome variations 
 in fuel and the resulting variations in temperatures and water 
 expansion and contraction. 

•	 Burner	management	strategies	require	careful	tuning	to 
 ensure safety and efficiency at all steps, including purging 
 the furnace before fuel firing and automated sequences such 
 as pilot and main flame light-offs, which must be controlled 
 precisely to avoid having to repeat purging and re-initiation 
 of the start-up sequence. 

•	 Automated	boiler	blowdown	is	critical	for	removing	the	buildup	 
 of sludge and water with high levels of dissolved solids 
 from the boiler. A properly designed control system will do this 
 while maintaining maximum BTU levels and minimize 
 chemical usage when maintaining the boiler to remove scale,  
 minimize corrosion, remove suspended solids, and generally 
 maximize service life.

•	 Balance-of-plant	considerations	such	as	backup	safety 
 systems and other outlying electrical mechanical systems are  
 as critical to the safe, reliable operation of the biopower plant  
 as the turbines, boilers, and waste heat recovery components  
 of the core process. The control system must be equipped to 
 easily interface with this balance-of-plant equipment. 

•	 Storage	and	handling	systems	also	require	dedicated	auto- 
 mation solutions to accommodate different feedstocks of 
 varying moisture content. For example, a dry, herbaceous 
 cereal straw or switchgrass with less than 20% moisture 
 requires very different handling and tracking methods than 
 logging residues or plantation tree crops with 50% moisture. 
 The plant’s control system must “see” all valves, baffles, and 

mechanical assets to compensate for the varying composition 
moisture, yield and other properties—from biomass storage to 
ancillary blending systems to ash by-product handling systems.

Steam demand, air flow, fuel density … the list of parameters 
goes on, and each must be correlated with the biomass fuel‘s 
characteristics. These must be brought into an integrated whole 
to ensure efficient processing and compliance to standards and 
regulations, while keeping capital and labor expenses to a minimum.

In summary, the variability of feedstocks makes the operation 
of biomass boilers and generation systems less predictable than 
conventional power plants whose parameters and inputs have 
had decades to mature. It can be a challenge to optimize pro-
cesses when feedstocks vary in moisture content on a regular 
basis, and the knowledge base is limited for new materials. This 
only intensifies the challenge for plants to obtain open, easy-to-
use, and responsive automation and control tools.

Figure 3    Overview of Biomass Boiler for an Ethanol Plant in Brazil
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Biopower Plants Require Specialized  
Control Capabilities
In light of the variability of biomass fuels—non-homogenous 
waste from paper mills, municipal waste sites, and agricultural 
sources—operators of biopower plants are challenged to monitor 
and respond to process upsets resulting from the boiler infeed, 
where application-specific control solutions are at their  
most critical. The control strategies for a biomass boiler must 
incorporate measurement and control functions not found in 
fossil fuel-based plants. 

Process design engineers give much attention to allow operators 
to take feeders offline, perform scheduled and unscheduled 
maintenance, and then bring the process back to normal 
operating conditions. To optimize the operation of the biomass 
boiler, the process control strategy should be aimed at minimizing 
operator intervention by compensating quickly to changes with 
minimal upset to the process, as well as for changes in airflow 
and other parameters that affect performance efficiency and 
environmental impact. 

For example, advanced process control solutions such as GE 
Intelligent Platforms’ Proficy* Process Systems (PPS) provides 
capabilities that address variability of feedstocks and operator 
effectiveness needed by biomass power plants. Two particular 
process applications illustrate how biopower plants require such 
specific solutions: 1) automated drum pressure compensation 
during process upsets; and 2) Inferred BTU for automated, 
multivariable compensation.

1) Automated pressure compensation during process upsets: 
Moving	grate-type	boiler	feed	systems	is	common	in	applications	
involving combustion of wood or bagasse. A typical unit might 
have four grates across the front of the boiler. Biomass is auger-
fed to the grate and mixes with combustion air. Periodically, sand 
or other particles clog a grate, upsetting pressure and fouling the 
combustion process. In the past, the operator was hard-pressed 
to rebalance or re-tune the process to compensate. 

A control system solution such as Proficy Process Systems 
immediately senses when a feeder is off-loaded and compen-
sates by adjusting the speed of the other feeders to stabilize the 
process as well as feed water and other parameters. As a result, 
boiler output remains constant for optimum power output . 
Constant pressure in the boiler, in turn, results in stable output 
and greater stability in downstream energy production.

2) Inferred BTU for automated, multivariable compensation:  
Unlike the campfire analogy previously highlighted to characterize 
the variability of biomass fuel, industrial processes require 
precise measurements to regulate the fuel feed. Using the

same moving grate-type boiler feed, for example, it is impossible 
to rely on a standard oxygen analyzer to regulate the process. 
The uneven distribution of irregular biomass across the grates 
and the resulting variation of airflow make it difficult to measure 
combustion based on direct oxygen measurements. 

To help control the process, there are solutions available with 
pre-configured control algorithms that can produce inferred 
BTU calculations based on more easily measured flows, steam 
flow, and pressure. These allow the control system to trim 
combustion parameters in real time to better compensate for 
varying biomass loads—resulting in more uniform loading of 
biomass, greater uniformity in air flow, and more efficient ,  
reliable combustion.

Inferred BTU is a proven, reliable measurement and control 
strategy elsewhere, but only recently has it been incorporated 
into dedicated real-time automation of biomass power plants. 

These are just two examples of the differences between a standard 
control system and a biomass power plant control system. As 
with any complex, specialized industrial process, the benefits  
of safety and reducing total cost of ownership depend on the 
ability to control the process. Therefore, it is important to select 
a system and a solution provider with the proper knowledge and 
experience in the field.

India: Bio-powered Cogeneration
In	a	remote	area	of	Western	Maharashtra,	India,	YM	
Krishna SSK, a sugar mill at the center of development in 
this rural area is helping pave the way for construction of 
roads, irrigation, bridges and dams as well as education 
and healthcare services.

The	efficiency	of	the	mill	in	part	owes	to	a	16	MW 
cogeneration plant that supplements the facility’s power  
by burning bagasse derived from the mill’s sugar waste.  
It’s humming along so well that it can provide surplus 
power back to the market.

YM	Krishna	SSK	upgraded	its	power	plant	with	a	new	
distributed process control and automation system from  
GE Intelligent Platforms that provides a single control  
environment from which the mill can measure and analyze 
plant operations, including steam, power and water 
consumption, production efficiency, molasses output , 
steam generation, fuel quantity, and water quality and 
quantity. The open and scalable system architecture has 
helped improve productivity and product quality while 
optimizing process efficiency and energy consumption with 
maximum flexibility and ease of use. 
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Conclusion

Biomass power—generating electricity from renewable feed-
stocks—offers	a	potential	escape	from	the	fossil-fuel	trap.	More	
sustainable sources of biomass and efficient conversion 
processes, as well as more flexible control technologies, 
together offer the potential to offset growing energy demands 
on a carbon-neutral basis.

As growth in biomass-based power production is rapidly under 
way, flexible control technology solutions play a key role in 
helping producers address the variability of biomass feedstocks 
and the issues associated with real-time control for combustion, 
feed water, blowdown, and burner management. 

Automation systems that support advanced process control 
strategies while also providing easy configuration, openness, 
and connectivity can help producers optimize every step of their 
process and position them to capitalize on the potential oppor-
tunities of biomass power generation—resulting in increased 
operational efficiency, lower total cost of ownership, and 
environmental sustainability.

Optimizing Biomass Power Generation


