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Energy To 
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Meet the Scientists

Dr . Rick Bergman, Chemical Engineer: 
My favorite science experience was working 
with two communities in southern Mexico . 
The communities were hoping to use more 
of their natural resources to become more 
self-sustaining as a community . I was able to 
give them concrete ideas on how to dry wood 
that was cut from local trees . This allowed 
community members to manufacture wood 
furniture to sell to local schools . I was grateful 
to be a part of the team assisting other people 
who want a better life for themselves and their 
communities .  t

s
Dr . Tim Maker, Wood Energy Scientist: I 

studied engineering and physics in college . My 
memorable experience was when a professor 
explained to all of us in his physics class about 
what he did as a scientist . He had to know a lot 
about computers, electronics, and work very 
hard .

Glossary

a as in ape
ä as in car
e as in me
i as in ice
o as in go

ô as in for
u as in use
ü as in fur
oo as in tool
ng as in sing

Pronunciation Guide

Accented syllables are in bold.

natural resources (na cha rôl re sôrs es): 
Supplies of things in nature that take care of a 
human need, such as oil, wood, or water . 

sustaining (suh stan ing): Keeping up or 
maintaining .

nutrients (noo tre ents): Any of the substances 
found in food that are needed for the life and 
growth of plants and animals . 

forest managers (för est mä ni jürs): Skilled 
individuals who take care of natural resources .

biomass (bi o mas): All the living or once-living 
things in a particular area . 

operational (op ür a shun ul): Of or relating to 
performance of practical work or operations .

renewable natural resource (re nu uh bool  
na cha rôl re sôrs): An environmental source 
of supply or support that can be renewed by 
ecological processes or management practices .

average (av rij): The usual kind or amount . 
The number gotten by dividing the sum of two 
or more quantities by the number of quantities 
added .

conventional (kän ven chun ul): Ordinary .
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Thinking About Science
Research always has a purpose behind it. Is the research being done just to learn 

something new? Is its purpose to solve a problem? When scientists study a question 
to satisfy their curiosity about something, the research is called basic science. An 
example of basic science is when astronomers study the planet Mars. This kind 
of research is important, as it touches the mysteries of life. Often, basic science 

provides new information that can be used in the future to help solve problems. Most 
research being done today is done to solve problems. This kind of research is called applied science. 
Medical research is applied science, and most natural resource and environmental science is applied 
science. In the research you will read about in this article, the scientists hoped to solve a problem 
and help schools save money. Would you call this research basic or applied science?

Figure 1. Location of Darby, Montana . 
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Introduction
As you read in “Thinking About the 

Environment,” forest managers were looking 
for a way to use small trees that were being 
cut from the forests. One of the historic uses 
of wood was for heating. In recent years, 
however, most heating in the United States has 
come from other sources of energy, such as 
petroleum, gas, and electricity. The scientists in 
this study wondered if using wood for heating 
would save schools money compared to the 
way the schools are usually heated. The school 
district in Darby, Montana, was interested in 
the same question (figures 1 and 2). 

Thinking 
About the 
Environment

You may have heard about 
the wildfires that sometimes 

burn in the Nation’s forests. In 
some cases, wildfires now burn hotter, longer, 
and over a wider area than wildfires of the past. 
This is because many forests today contain a 
lot of fuel. This fuel is often made up of many 
small-sized trees, which are growing because 
forest fires have not been allowed to burn 
there in the past. Before human development 
occurred in and near forests, wildfires could 
burn and, when they burned, they burned the 
small trees and other vegetation near the forest 
floor. Now that development occurs near and 
in the forests, we have not allowed wildfires to 
burn. The result is a lot of fuel in the form of 
small trees. One way to address this problem is 
to cut the small trees.

Cutting trees is expensive. To many people, 
it makes more sense to have a use for any tree 
that has been cut. To other people, leaving the 
small trees to decay in the forest also makes 
sense. This is because a decaying tree returns 
nutrients to the forest soil. This article describes 
how schools used these trees to help them heat 
their buildings. In this research, the small trees 
were used in a wood heating system built just 
for the school. Do you think this is a good use 
for the small trees? Why or why not?
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Reflection Section
b	 What	is	the	question	the	scientists	wanted	to	

answer?

b	 	What	would	the	scientists	have	to	do	to	
answer	their	question?

Method
The scientists worked with partners to build 

the wood heating system. Such a system uses 
biomass heat energy. The new heating system 
included the following parts:
1. Boiler house: A central building that houses 

the wood-burning boiler and a large wood 
storage bin (figure 3).

2. Wood heating system: Includes the boiler, 
the storage bin, and automated belts to carry 
the wood from the storage bin to the boiler 
(figure 4).

3. Heat distribution system: A series of 
underground pipes to carry the heat to the 
three schools. This system used existing 
pipes but improved them as needed.

4. Improvements to existing heating equipment: 
Wherever possible, existing equipment was 
used for the new system. Also, the existing 
oil heating system was improved so it could 
be used as a backup to the new wood 
heating system.
The scientists kept careful records of all costs 

to build and operate the new heating system. 
They tracked operational costs for 2 school 
years.

Figure 3. The Darby school’s wood-burning 
boiler .

Figure 4. The Darby wood heating system . Note 
the wood is cut into wood chips and carried on a 
moving belt before it is stored in the storage bin .

Figure 2. Darby Junior High School
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Reflection Section
b	 Should	the	scientists	include	the	following	costs	in	their	calculations:	The	cost	of	cutting	trees,	the	

cost	of	transporting	cut	trees	to	a	mill	for	cutting	into	chips,	and	the	cost	of	transporting	the	wood	
chips	to	the	school?	Why	or	why	not?

b	 Biomass	heat,	which	comes	from	wood	chips,	is	considered	a	renewable natural resource	because	
trees	can	be	replanted.	What	is	one	advantage	of	using	biomass	energy	over	a	nonrenewable	
resource	such	as	oil?	What	is	one	disadvantage?	

Findings
The scientists compared the costs of the new biomass heating system with average historical 

costs of heating with oil and gas (table 1). Previously, oil had been used to heat the schools, and 
liquid propane (LP) gas was used to produce hot water. The new biomass heat system heated both 
the schools and the water, eliminating the need for LP gas. 

Table 1. Comparison of historic costs for heating and the new biomass energy system . Note that in 
2004–2005, historical usage costs included an estimate for the rising cost of oil .

------Average Historical Usage-----------  --------------------2003–2004 School Year -------------

OIL COST 
($)

COST OF 
LP GAS ($)

TOTAL 
COST OF 

OIL/LP GAS 
($)

OIL COST 
($)

WOOD 
COST ($)

TOTAL 
COST OF 

WOOD/OIL

SAVINGS 
($)

51,884 2,080 53,964 11,080 18,357 29,437 24,527

------Average Historical Usage-----------  --------------------2004–2005 School Year -------------

OIL COST 
($)

COST OF 
LP GAS ($)

TOTAL 
COST OF 

OIL/LP GAS 
($)

OIL COST 
($)

WOOD 
COST ($)

TOTAL 
COST OF 

WOOD/OIL

SAVINGS 
($)

88,060 2,500 90,560 2,451 26,660 29,051 61,509
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Number Crunches
b	 Estimate	the	percentage	of	the	cost	savings	

for	both	school	years.	You	can	do	this	by	
rounding	the	average	total	historic	cost	and	
the	total	yearly	cost	for	both	years.	Round	
each	to	the	nearest	1,000.	For	each	year,	
divide	the	yearly	cost	by	the	average	total	
historic	cost,	and	subtract	that	number	
from	100.	This	will	give	you	an	estimate	of	
the	percentage	cost	savings	for	each	year.	
Did	the	percentage	of	cost	savings	increase	
or	decrease	between	the	2003–2004	and	
2004–2005	school	years?	By	how	much?

Reflection Section
b	 Look	at	table 1.	You	can	see	the	cost	of	

oil	had	risen	between	2003	and	2005,	and,	
therefore,	the	cost	savings	rose	over	the	2	
years.	Based	on	what	you	know	about	oil	
prices	now,	do	you	think	the	cost	savings	
for	Darby	schools	went	up,	down,	or	stayed	
the	same	during	the	last	school	year	as	
compared	with	2004–2005?	

b	 	Do	you	think	the	cost	savings	would	be	the	
same	for	a	school	located	in	Kansas	as	in	
Montana?	Why	or	why	not?

Discussion
By using biomass wood energy for heating, 

the Darby School District saved almost 50 
percent of its fuel costs in 2003–2004, and 
almost 70 percent in 2004–2005. These costs 
do not include the cost of building the new 
biomass energy system and improving the old 
heating system. For a moment, let’s include 
those costs, which were a little less than 
$1,000,000. The scientists concluded that over 
a 20-year period of saving energy costs, the 
biomass heat energy system would pay for itself. 
This is largely due to the increasing costs of oil 
compared with the cost of wood chips.

It is costly to convert a conventional heating 
system into a biomass energy system, as was 
done in Darby. The scientists suggest the best 
time to install a biomass heating system is when 
new schools are being built. If new schools 
are close to a local source of wood chips, they 
should save a lot of money in energy costs.

Reflection Section
b	 Should	the	cost	of	replacing	a	conventional	

heating	system	with	a	new	biomass	system	
be	considered	when	calculating	cost	
savings?	Why	or	why	not?	

b	 	Should	the	cost	of	building	a	new	biomass	
heating	system	at	a	new	school	be	
considered	when	calculating	cost	savings?	
Why	or	why	not?	

Adapted from Bergman, R . and Maker, T . M . 2007 . Fuels for schools: Case study in Darby, Montana, Forest Service 
General Technical Report FPL-GTR-173 . Madison, WI: Forest Service, Forest Products Lab . 21 pp . http://www .fpl .fs .fed .
us/documnts/fplgtr/fpl_gtr173 .pdf .
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FACTivity

Time Needed
5 minutes at the end of a previous class 

period
1 class period

In this FACTivity, you will consider the 
source and availability of different types 
of energy for heating your school . The 
questions you will answer in this activity 
are:

1 . What is the most reliable source of 
energy for our school right now?

2 . What might be the most reliable 
source of energy for our school in 10 
years?

Method
At the end of a previous class period, 

take approximately 3 minutes to do the 
following activity .

In a rapid brainstorming session with the 
entire class, list as many types and sources 
of energy as you can . Examples include 
U .S . offshore oil, oil imported from other 
countries, local wind power, electricity 
from water sources (turbines at dams), 
geothermal energy, electricity from nuclear 
power, etc . You may want to start by listing 
the types of power (such as electricity), 
then the sources for each (such as nuclear, 
water, etc .) .

In the next 2 minutes, class members 
should organize into groups of four 
students, based on a type of energy 
identified . For example, one group might be 
the windpower group . Another group might 
be the biomass energy group . 

For homework, research the sources 
and availability of your energy type . Take 
windpower, for example . Where are the 
best locations to place windmills? To 

use energy from windmills, what is the 
maximum distance a school can be located 
from the windmills? Write up one-half page 
to turn in for the assessment .

When you have had enough time to do 
your independent research, your teacher 
will take one class period to do the 
following:

10 minutes:
In your energy groups, you will compare 

and discuss your homework findings . In 
particular, you and other members of your 
group will discuss the sources available for 
your type of energy . You will evaluate how 
reliable the various sources of energy are 
for your school . On a scale of 1 to 4, your 
group and the other groups will assign a 
number to each energy source . If a source 
is very reliable for your school, assign the 
source a 1 . Assign a 4 to sources that are 
not reliable . Consider such things as price 
and how much control the school would 
have over getting the energy, as well as 
whether the source is readily available .

Here is the scale:
1 2 3 4

Very 
reliable 
source 

Somewhat 
reliable

Not very 
reliable

Not 
reliable 
source

In your group, identify reasons for your 
assessment . For example, if biomass 
energy is rated as a very reliable source of 
energy, there should be a reliable source of 
either crop-based or forest-based energy 
nearby .

10 minutes:
Choose one student from your group to 

report your findings to the class . As a class, 
identify the three most reliable sources of 
energy for your school . A student volunteer 
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FACTivity Extension

If you have access to the Internet in your classroom, visit http://www .naturalinquirer .org, 
Educator Resources, Lesson Plans, for an additional lesson plan . This lesson plan allows 
your students to play the role of a community deciding whether to heat its schools with 
wood chips .

will write these on the whiteboard or 
blackboard .

10 minutes:
Now repeat the groups’ exercise, 

projecting 10 years into the future . Based 
on what you know now, what do you think 
will be the most reliable source of energy 
in 10 years for your school? Why? What 
might the community need to do to develop 
that source of energy? Appoint a different 
spokesperson from your group to share the 
results of this second discussion .

If you are a Project Learning 
Tree-trained educator, you 
may use Activity # 86: “Our 
Changing World”; and #14: 
Renewable or Not?”

Additional Information 
For Your Classroom

The title of this article, “A Chip Off the Old 
Block,” is a phrase that dates to 1621. The block 
to which the phrase originally referred probably 
would have been wood or stone. The phrase 
refers to a person or a thing that comes from 
the same thing or parentage, and implies its 
similarity (http://www.phrases.org.uk/).

Additional Web 
Resources

The Fuels for Schools Program: http://
www .fuelsforschools .info/ .

10 minutes:
Hold a class discussion to identify which 

three energy sources are predicted to be 
the most reliable in 10 years . A student 
volunteer will write these on the whiteboard 
or blackboard .

10 minutes:
Hold a class discussion about what the 

community might do to achieve success 
in having a reliable source of energy in 10 
years . Identify any actions you can take 
today to help achieve this goal .

If you have time, your class may 
implement some of the actions identified in 
the class discussion .


