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A Pollution Solution
Overview/background

In this activity, students acting as owners of companies emitting proscribed substances engage in a market for tradable pollution credits. So-called “cap-and-trade” programs have been used successfully to meet pollution standards while incorporating incentives to find least-cost solutions. 
National Economic Content Standards addressed:

Standard 1: Productive resources are limited. Therefore, people cannot have all the goods and services they want; as a result, they must choose some things and give up others.

Standard 2: Effective decision making requires comparing the additional costs of alternatives with the additional benefits. Most choices involve doing a little more or a little less of something; few choices are all-or-nothing decisions.

Standard 3: Different methods can be used to allocate goods and services. People, acting individually or collectively through government, must choose which methods to use to allocate different kinds of goods and services.

Standard 4: People respond predictably to positive and negative incentives. 

Standard 5: Voluntary exchange occurs only when all participating parties expect to gain. This is true for trade among individuals or organizations within a nation, and among individuals or organizations in different nations.

Standard 7: Markets exist when buyers and sellers interact. This interaction determines market prices and thereby allocates scarce goods and services.

Standard 10: Institutions evolve in market economies to help individuals and groups accomplish their goals. Banks, labor unions, corporations, legal systems, and not-for-profit organizations are examples of important institutions. A different kind of institution, clearly defined and enforced property rights, is essential to a market economy.
Materials:
· Role cards A, B, and C:  1 per student, 1/3As, 1/3Bs, 1/3Cs

· Use a different colored paper for each company’s role cards

· Transparencies or PowerPoint slides of Visuals 
· $1 bills – 1 per student  (or use candy, bonus points, homework passes, etc, in place of cash)
· $5 bills – 5

· Pollution credit slips:  For a class of approximately 30 you’ll need: 

·  24 -  “5,000 ton credit” slips 

· 12 - “1000 ton credit” slips 

· 6 - “500 Ton Credit” slips.  
· Calculators – 1 per company (9 for class of 30)
· Checks for purchasing certificates –  10-15 (varies)
· Accounting sheets – one per firm – so 3 As, 3Bs an 3Cs for a class of 30 students.  (copy on the same colored paper as firms’ role cards)
Procedures
1. Break participants into groups or “towns” of 9-12 students with a third of the students forming company A, a third of the students forming company B, a third of the students forming company C.  So for a class of 30 you would have 3 towns – each town with a company A, B and C.  Explain that group members are the individual owners of the three companies,
2. Display “The Problem” visual and read through with students, answering any questions they may have about the situation.

3. Display “Potential Solutions” visual and review each solution, emphasizing the costs of the alternatives.

4. Display “The AQCC Plan” visual and explain.

5. Distribute the pollution credits to the companies at each table.  Place $14 (9 ones, 1 five) in the center of each table.  
· Company A—one 5000 ton credit slip, two 1000 ton credit slips and one 500 ton credit slip
· Company B—three 5000 ton credit slips
· Company C—four 5000 ton credit slips, two 1000 ton credit slips and one 500 ton credit slip
6.  Display “The Challenge” visual and review with students.
7. Distribute role cards, face down, reminding participants that it is their decision how much information to share with the other businesses.

8. Distribute several blank checks to each group (and let students know they may request more).
9. Suggest that individual teams discuss their role and answer the questions on their role cards for 3-5 minutes before working to solve the challenge. 
10.  Allow teams time to work.  

11. Once teams have completed their negotiations, distribute accounting sheets for each company to fill out.  Collect. 
12. Display the “Better Solutions” visuals and explain.

13. Award prizes

14. Debrief.

Debriefing Questions:
1. What was the least-cost method of meeting the required pollution standards?

Creating a market for emissions credits.  (Remember that coercion does not count as a better solution.)  Display “Better Solution” visuals to illustrate.
2. Why is this the least-cost method?  The market coordinates the information that each firm knows – its own costs of clean-up – and provides incentives for the clean-up to be undertaken by the firms with the lowest clean-up costs.
3. What as the incentive for firms to adopt the emissions trading solution?

For this group it is the money on the table.  For individual firms it would be to increase their profits.

4. Why did (might) some groups not reach this solution?

It may be that they did not think of trading, or that one firm refused to trade. Markets require willing buyers and sellers.

5. What is the significance of property rights in this activity?  Who has the property rights and when?

Property rights are significant to this activity because they are necessary for a market to emerge, and it is the emergence of the market that allows the reduction of pollution at least cost.  When property rights are unclear no market will develop, and the remaining options for pollution reduction are more costly.

The property right in question here is the property right to air:  What are the privileges and limitations to use of the air, and who has those rights? Prior to the federal mandate to reduce pollution the property rights were unclear.  

The mandate and the issuing of emission credits defined the rights – each firm had the right to use the air to emit as many tons of pollutant as it had pollution credits.  

6. The United States uses pollution markets – called Cap and Trade programs – and real firms in our real economy buy and sell emissions credits.  For example, since the 1990s, a market has helped to reduce SO2 emissions from coal-fired power generating plants.  Markets also exist for nitrous oxide emissions and for carbon offsets. What are the key features necessary for an emissions Cap and Trade program to work?

· The pollutant must be measurable and traceable at low cost.

· Property rights for credits must be clear, enforceable (which means that emissions must be traceable), and transferable.

· The transactions costs of buying and selling credits must be low enough for firms to participate voluntarily.
· The “rules of the game” must allow (not prohibit) markets.  (Remind students that there are many places in the world – and in history - where markets are either non-existent or severely constrained by governments.)
The Problem

In the process of producing goods and services valued by people throughout the region, 3 firms in your town emit into the air a total of 90,000 tons of Yuk annually.

All 3 firms have reputations for quality products.  

All 3 employ large numbers of local citizens and pay taxes that represent a substantial portion of the budgets of local governments.

The recent federally-legislated allowable level of Yuk emissions for your region is 45,000 tons/yr. 
Yuk emissions are monitored and measured by the AQCC, and penalties, including fines and production shutdowns, are imposed on non-compliant regions. 

The Air Quality Control Commission (AQCC), organized by local government officials and business owners, is responsible for ensuring compliance with the 45,000 ton limit in your region.
Potential Solutions and Costs
1) Require each firm to reduce emissions by 50%:

Cost To Clean Up 50%
Firm A   


$    7,500

Firm B  


$  30,000

Firm C 


$  67,500
Total cost  =

$105,000
2) Set a limit of 15,000 tons/firm

Cost to clean up pollution beyond the 

allowed 15,000 tons:

Firm A


$           0

Firm B


$  30,000

Firm C


$  90,000
Total cost =


$120,000

The AQCC Plan

The AQCC has decided that the fairest method is to make each business responsible for reducing pollution by one-half.  To do this, the Commission issued 45,000 credits for the emission of 1 Ton of Yuk and gave each firm credits equal to ½ of its current Yuk emissions level. 

Firms must have one credit for each ton of Yuk they emit or face fines or possible plant shut down. Firms may pollute up to the level of credits they hold without penalty.  Firms may hold more credits than they were originally allocated.

Allocation of emission credits by firm:



Firm A –  7,500 ton credits



Firm B – 15,000 ton credits



Firm C – 22,500 ton credits

The Challenge
Can you clean up the Yuk to 45,000 Tons at a lower cost?
Rules:

All firms must voluntarily agree to the solution.  The use of any form of coercion will result in the factory being permanently shut down and the firm losing.
Firms are under no obligation to share the information on their cards, but may do so if they choose to.

Each firm has property rights to (owns) the emissions certificates they are issued.  
The Goal:
Lower total clean-up cost without making any firm worse off.

Incentive:
$3 to each firm that meets its emissions goal at lower cost than cleaning up ½ of their emissions
$5 for the firm with the greatest percentage decrease in costs
If the AQCC standard of 45,000 tons for the region is not met, then all firms will be shut down and no payments will be made.

Role Card:  Firm A

This is private, company information.  It is up to you whether to share it with other firms.

· Your firm is a successful, profit-maximizing company

· AQCC credits received for the upcoming year = 7,500T.  These credits are your private property.

· Your current emissions of Yuk = 15,000T per yr.   Therefore, you must reduce emissions by 7,500T or obtain additional credits.

· Failure to meet your individual firm emissions goal will result in fines of $4 per ton and possible closure of your firm.

· Abatement costs:  Changing processes and installing new equipment would allow you to reduce emissions at a cost of $1 per ton of Yuk.
Starter questions:  

· What is the cost to your firm to meet AQCC level for your firm for the year?
· Since credits can be used in place of clean-up and your cost of clean-up is $1 per ton, what is the least you’d be willing to sell a 1T credit for?  What’s the most you’d be willing to pay for a 1T credit?
Take time with your team members to answer these questions and talk about how your firm contributes to regional 45,000T Yuk goal.  You may talk with other firms in your region.

----------------------
Role Card:  Firm A

This is private, company information.  It is up to you whether to share it with other firms.

· Your firm is a successful, profit-maximizing company

· AQCC credits received for the upcoming year = 7,500T.  These credits are your private property.

· Your current emissions of Yuk = 15,000T per yr.   Therefore, you must reduce emissions by 7,500T or obtain additional credits.

· Failure to meet your individual firm emissions goal will result in fines of $4 per ton and possible closure of your firm.

· Abatement costs:  Changing processes and installing new equipment would allow you to reduce emissions at a cost of $1 per ton of Yuk.
Starter questions:  

· What is the cost to your firm to meet AQCC level for your firm for the year?
· Since credits can be used in place of clean-up and your cost of clean-up is $1 per ton, what is the least you’d be willing to sell a 1T credit for?  What’s the most you’d be willing to pay for a 1T credit?
Take time with your team members to answer these questions and talk about how your firm contributes to regional 45,000T Yuk goal.   You may talk with other firms in your region.
Role Card:  Firm B
This is private, company information.  It is up to you whether to share it with other firms.

· Your firm is a successful, profit-maximizing company

· AQCC credits received for the upcoming year = 15,000T.  These credits are your private property.

· Your current emissions of Yuk = 30,000T per yr.   Therefore, you must reduce emissions by 15,000T or obtain additional credits.

· Failure to meet your individual firm emissions goal will result in fines of $4 per ton and possible closure of your firm.

· Abatement costs:  Changing processes and installing new equipment would allow you to reduce emissions at a cost of $2 per ton of Yuk.
Starter questions:  

· What is the cost to your firm to meet AQCC level for your firm for the year?
· Since credits can be used in place of clean-up and your cost of clean-up is $2 per ton, what is the least you’d be willing to sell a 1T credit for?  What’s the most you’d be willing to pay for a 1T credit?
Take time with your team members to answer these questions and talk about how your firm contributes to regional 45,000T Yuk goal.  You may talk with other firms in your region.
----------------------
Role Card:  Firm B
This is private, company information.  It is up to you whether to share it with other firms.

· Your firm is a successful, profit-maximizing company

· AQCC credits received for the upcoming year = 15,000T.  These credits are your private property.

· Your current emissions of Yuk = 30,000T per yr.   Therefore, you must reduce emissions by 15,000T or obtain additional credits.

· Failure to meet your individual firm emissions goal will result in fines of $4 per ton and possible closure of your firm.

· Abatement costs:  Changing processes and installing new equipment would allow you to reduce emissions at a cost of $2 per ton of Yuk.
Starter questions:  

· What is the cost to your firm to meet AQCC level for your firm for the year?
· Since credits can be used in place of clean-up and your cost of clean-up is $2 per ton, what is the least you’d be willing to sell a 1T credit for?  What’s the most you’d be willing to pay for a 1T credit?
Take time with your team members to answer these questions and talk about how your firm contributes to regional 45,000T Yuk goal.  You may talk with other firms in your region.
Role Card:  Firm C
This is private, company information.  It is up to you whether to share it with other firms.

· Your firm is a successful, profit-maximizing company

· AQCC credits received for the upcoming year = 22,500T.  These credits are your private property.

· Your current emissions of Yuk = 45,000T per yr.   Therefore, you must reduce emissions by 22,500T or obtain additional credits.

· Failure to meet your individual firm emissions goal will result in fines of $4 per ton and possible closure of your firm.

· Abatement costs:  you have an older firm, and changing processes and installing new equipment would allow you to reduce emissions at a cost of $3 per ton of Yuk.

Starter questions:  

· What is the cost to your firm to meet AQCC level for your firm for the year?
· Since credits can be used in place of clean-up and your cost of clean-up is $3 per ton, what is the least you’d be willing to sell a 1T credit for?  What’s the most you’d be willing to pay for a 1T credit?
Take time with your team members to answer these questions and talk about how your firm contributes to regional 45,000T Yuk goal.  You may talk with other firms in your region.

----------------------
Role Card:  Firm C
This is private, company information.  It is up to you whether to share it with other firms.

· Your firm is a successful, profit-maximizing company

· AQCC credits received for the upcoming year = 22,500T.  These credits are your private property.

· Your current emissions of Yuk = 45,000T per yr.   Therefore, you must reduce emissions by 22,500T or obtain additional credits.

· Failure to meet your individual firm emissions goal will result in fines of $4 per ton and possible closure of your firm.

· Abatement costs:  you have an older firm, and changing processes and installing new equipment would allow you to reduce emissions at a cost of $3 per ton of Yuk.

Starter questions:  

· What is the cost to your firm to meet AQCC level for your firm for the year?
· Since credits can be used in place of clean-up and your cost of clean-up is $3 per ton, what is the least you’d be willing to sell a 1T credit for?  What’s the most you’d be willing to pay for a 1T credit?
Take time with your team members to answer these questions and talk about how your firm contributes to regional 45,000T Yuk goal.  You may talk with other firms in your region.
A Better Solution

Firm A’s costs below $7,500
Firm B’s costs below $30,000
Firm C’s costs below $67,500
Total cost below $90,000
How to Achieve a Better Solution

· Firms A and B sell the issued credits for more than their clean-up costs
· Firm A sells for more than $1/T

· Firm B sells for more than $2/T

· Firm C buys credits for less than their clean-up cost

· Firm C purchases for less than $3/T

Price range         $1.01/T     -     $2.99/T

Teacher Guide to Alternative “better” solutions:

A better solution at low prices 
Firms A and B sell the issued credits for 1¢/T more than the abatement costs them.










Costs:
Firm A – 
eliminates 15,000 tons



         $ 15,000



sells 7,500T credits to Firm C for $1.01/T 

 - 7,575


Cost to Firm A:  $7,425
Firm B –
reduce emissions by 30,000 



$60,000


sells 15,000T credits to Firm C for $2.01/T 

 -30,150


Cost to Firm B:  $29,850
Firm C
purchase 7,500T credits from firm A


$  7,575


purchase 15,000T credits firm B


$ 30,150


use owned 25,000T credits



$          0


Cost to Firm C:  $37,775




Total Cost of 45,000T reduction =  $75,000
A better solution at high prices 











Costs:

Firm A – 
eliminates 15,000 tons



         $ 15,000



sells 7,500 T credits to Firm C for $2.99/T 

- 22,425


Cost to Firm A:  +$7,425
Firm B –
reduce emissions by 30,000 



$60,000


sells 15,000T credits to Firm C for $2.99/T 

 -44,850


Cost to Firm B:  $15,150
Firm C
purchase 7,500T credits from firm A


$ 22,425


purchase 15,000T credits firm B


$ 44,850


use owned 22,500T credits



$           0


Cost to Firm C:  $67,275




Total Cost of 45,000T reduction =  $75,000
Accounting Sheet:  TEAM A


BEGINNING BALANCE 

$7500
(Amount budgeted to clean up 50% of your YUK emissions)  

________
Add any money earned from sale of emission credits.  If none, enter 0.

________
Subtract any money paid to purchase emission credits from other teams.  



If none, enter 0.

______
SUBTOTAL


Now turn in certificates for your emissions.  If you do not have certificates or you do not have enough to cover your emissions, write a check to cover the cost of clean-up.  

________
Subtract the amount you have to pay to clean up any YUK Emissions for which you do not have credits.  If you have credits for all your emissions, enter 0.  

______
ENDING BALANCE

--------------------
Accounting Sheet:  TEAM A


BEGINNING BALANCE 

$7500
(Amount budgeted to clean up 50% of your YUK emissions)  

________
Add any money earned from sale of emission credits.  If none, enter 0.

________
Subtract any money paid to purchase emission credits from other teams.  



If none, enter 0.

______
SUBTOTAL


Now turn in certificates for your emissions.  If you do not have certificates or you do not have enough to cover your emissions, write a check to cover the cost of clean-up.  

________
Subtract the amount you have to pay to clean up any YUK Emissions for which you do not have credits.  If you have credits for all your emissions, enter 0.  

______
ENDING BALANCE

Accounting Sheet:  TEAM B


BEGINNING BALANCE 

$30,000
(Amount budgeted to clean up 50% of your YUK emissions)  

________
Add any money earned from sale of emission credits.  If none, enter 0.

________
Subtract any money paid to purchase emission credits from other teams.  



If none, enter 0.

______
SUBTOTAL


Now turn in certificates for your emissions.  If you do not have certificates or you do not have enough to cover your emissions, write a check to cover the cost of clean-up.

________
Subtract the amount you have to pay to clean up any YUK Emissions for which you do not have credits.  If you have credits for all your emissions, enter 0.  

______
ENDING BALANCE

--------------------
Accounting Sheet:  TEAM B


BEGINNING BALANCE 

$30,000
(Amount budgeted to clean up 50% of your YUK emissions)  

________
Add any money earned from sale of emission credits.  If none, enter 0.

________
Subtract any money paid to purchase emission credits from other teams.  



If none, enter 0.

______
SUBTOTAL


Now turn in certificates for your emissions.  If you do not have certificates or you do not have enough to cover your emissions, write a check to cover the cost of clean-up.

________
Subtract the amount you have to pay to clean up any YUK Emissions for which you do not have credits.  If you have credits for all your emissions, enter 0.  

______
ENDING BALANCE

Accounting Sheet:  TEAM C


BEGINNING BALANCE 

$67,500
(Amount budgeted to clean up 50% of your YUK emissions)  

________
Add any money earned from sale of emission credits.  If none, enter 0.

________
Subtract any money paid to purchase emission credits from other teams.  



If none, enter 0.

______
SUBTOTAL


Now turn in certificates for your emissions.  If you do not have certificates or you do not have enough to cover your emissions, write a check to cover the cost of clean-up.
________
Subtract the amount you have to pay to clean up any YUK Emissions for which you do not have credits.  If you have credits for all your emissions, enter 0.  

______
ENDING BALANCE

--------------------
Accounting Sheet:  TEAM C


BEGINNING BALANCE 

$67,500
(Amount budgeted to clean up 50% of your YUK emissions)  

________
Add any money earned from sale of emission credits.  If none, enter 0.

________
Subtract any money paid to purchase emission credits from other teams.  



If none, enter 0.

______
SUBTOTAL


Now turn in certificates for your emissions.  If you do not have certificates or you do not have enough to cover your emissions, write a check to cover the cost of clean-up.
________
Subtract the amount you have to pay to clean up any YUK Emissions for which you do not have credits.  If you have credits for all your emissions, enter 0.  

______
ENDING BALANCE
[image: image1.png]
Date ___________________   

[image: image2.bmp]       

  Pay to:          Company                                                                             $ ___________

                        ____________________________________________________________ / 100 Dollars
        Memo:  for ____ Tons  Emissions credits                ____________________________________

                                                                                                 Signature 

                                                                                                                    Company ______

µ76009283   35378  129856µ



Date ___________________   

       

  Pay to:          Company                                                                             $ ___________

                        ____________________________________________________________ / 100 Dollars
        Memo:  for ____ Tons  Emissions credits                ____________________________________

                                                                                                 Signature 

                                                                                                                    Company ______

µ76009283   35378  129856µ



Date ___________________   

Pay to:         









$ ___________

                        ____________________________________________________________ / 100 Dollars
        Memo:  for ____ Tons  Emissions credits                ____________________________________

                                                                                                 Signature 

                                                                                                                    Company _____
µ76009283   35378  129856µ
	                         EMISSION CREDIT 

                                      CERTIFICATE

                                1000 T

This certificate entitles the holder to  emit 1000T Yuk
	
	                            EMISSION CREDIT 

                                      CERTIFICATE

                                1000 T

This certificate entitles the holder to  emit 1000T Yuk


	
	
	

	                         EMISSION CREDIT 

                                      CERTIFICATE

                                1000 T

This certificate entitles the holder to  emit 1000T Yuk
	
	                         EMISSION CREDIT 

                                      CERTIFICATE

                                1000 T

This certificate entitles the holder to  emit 1000T Yuk

	
	
	

	                         EMISSION CREDIT 

                                      CERTIFICATE

                                1000 T

This certificate entitles the holder to  emit 1000T Yuk
	
	                         EMISSION CREDIT 

                                      CERTIFICATE

                                1000 T

This certificate entitles the holder to  emit 1000T Yuk


	                         EMISSION CREDIT 

                                      CERTIFICATE

                                500 T

This certificate entitles the holder to  emit 500T Yuk
	
	                            EMISSION CREDIT 

                                      CERTIFICATE

                                500 T

This certificate entitles the holder to  emit 500T Yuk


	
	
	

	                         EMISSION CREDIT 

                                      CERTIFICATE

                                500 T

This certificate entitles the holder to  emit 500T Yuk
	
	                         EMISSION CREDIT 

                                      CERTIFICATE

                                500 T

This certificate entitles the holder to  emit 500T Yuk
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                                      CERTIFICATE

                                500 T

This certificate entitles the holder to  emit 500T Yuk
	
	                         EMISSION CREDIT 

                                      CERTIFICATE

                                500 T

This certificate entitles the holder to  emit 500T Yuk


	                         EMISSION CREDIT 

                                      CERTIFICATE

                                5000 T

This certificate entitles the holder to  emit 1000T Yuk
	
	                            EMISSION CREDIT 

                                      CERTIFICATE

                                5000 T

This certificate entitles the holder to  emit 1000T Yuk


	
	
	

	                         EMISSION CREDIT 

                                      CERTIFICATE

                                5000 T

This certificate entitles the holder to  emit 1000T Yuk
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                                      CERTIFICATE

                                5000 T

This certificate entitles the holder to  emit 1000T Yuk

	
	
	

	                         EMISSION CREDIT 

                                      CERTIFICATE

                                5000 T

This certificate entitles the holder to  emit 1000T Yuk
	
	                         EMISSION CREDIT 

                                      CERTIFICATE

                                5000 T

This certificate entitles the holder to  emit 1000T Yuk


�





�





�





�





�





�





�





�





�





�





�





�





�





�





�





�





�





�








Copyright © 2010 Foundation for Teaching Economics

Permission granted to photocopy for classroom use.


Copyright © 2010 Foundation for Teaching Economics

Permission granted to photocopy for classroom use.



