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Executive Summary
On February 19, 2015, several dozen community leaders from Duluth’s city government, local
businesses, electric utility company, nonprofit organizations, and the University of Minnesota-Duluth
participated in a charrette to determine an Energy Future Vision for the city.1 The goal was to capture
“the ambitions and concerns” of the key stakeholders, with relevant economic, social, environmental,
[and] sustainability aspects.” One of the group’s priority conclusions was the need to understand the
policy, regulatory and policy barriers and opportunities in the region for combined heat and power or
cogeneration plants. The Energy Transition Lab prepared this report to provide a high level summary of
existing work on CHP along with Duluth-specific information and comparative case studies.
Combined Heat and Power (CHP), also known as cogeneration, is the simultaneous production of
electricity and useful thermal energy from a single fuel source.2 CHP can be “Topping Cycle”--a power
plant that generates electricity, and in the process captures the waste heat to use it productively or
“Bottoming Cycle”--a process that uses thermal energy like steam or hot water for heating, cooling, or
industrial process and captures some of the excess to generate electricity. Combining heat and power
production from one fuel input is much more efficient than conventional electricity generation, which
wastes an average of roughly 2/3 of the Btu value of the energy input.3 Separate centralized electricity
generation and on-site heat generation has a combined efficiency of roughly 45%; cogeneration or CHP
can reach efficiency levels of up to 80%.4 5
Over the past year the Energy Transition Lab has been working with stakeholders from Duluth and other
experts to identify policy, regulatory and legal barriers to CHP in the region. Research was conducted
through site visits to Duluth, a review of dozens of expert reports, and interviews with organizations in
Duluth, the surrounding region, and the state that have considered CHP in the past or have projects in
process. From those interviews, we created case studies of Duluth Energy Systems, Western Lake
Superior Sanitary District (WLSSD), University of Minnesota-Duluth (UMD), St. Mary’s Hospital in Duluth,
University of Minnesota-Twin Cities campus, and St. Paul District Energy.
Some of the barriers identified include financing capital costs of projects, environmental permitting,
utility tariffs, and regulatory and policy obstacles. Based upon barriers identified in existing reports and
through interviews, the Energy Transition Lab identified and analyzed possible solutions. Solutions
analyzed include: reforming standby rates to make CHP more financially attractive, making CHP projects
eligible for Minnesota’s Conservation Improvement Program (CIP) incentives, developing new state
portfolio standards for CHP, expanding financial incentives and introducing new financing models that
reduce the upfront capital costs involved in CHP plant installation, providing education, assistance and

1

The charrette was led by Ecolibrium3 in partnership with the city of Duluth and facilitated by the Great Plains
Institute and Rocky Mountain Institute. Participants included other Minnesota energy experts, such as the
University of Minnesota’s Energy Transition Lab, Minnesota Power, and Minnesota Environmental Quality Board.
2
U.S. DOE definition of CHP: http://energy.gov/eere/amo/combined-heat-and-power-basics
3
Energy Efficiency Indicators for Public Electricity Production from Fossil Fuels, International Energy Agency (IEA)
Information Paper, (2008), 5.
4
Center for Climate and Energy Solutions (C2ES) Website, Cogeneration/Combined Heat and Power,
http://www.c2es.org/technology/factsheet/CogenerationCHP
5
Also see Oak Ridge National Laboratory, Combined Heat and Power: Effective Energy Solutions for a sustainable
Future, by Anna Shipley et al, (Oak Ridge, 2008), 6.
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technical training; mapping opportunities for CHP in the state, addressing additional barriers in
Minnesota law, and reforming regulatory practices. The report concludes with several case studies that
illustrate the complexities involved in navigating and overcoming multiple roadblocks, but also highlight
the work underway to improve the prospects for CHP and to capture its potential contribution to a more
efficient, modern, and clean energy system.
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Combined Heat and Power (CHP) in Duluth: Barriers and
Opportunities
Introduction
On February 19, 2015 an Energy Future Charrette for Duluth was led by Ecolibrium36 in partnership with
the city of Duluth. The Charrette was facilitated by the Great Plains Institute7 and the Rocky Mountain
Institute8 and included representatives of Duluth’s city government, local businesses, Minnesota Power,
the University of Minnesota-Duluth, and other community members, as well as key Minnesota partners
the Environmental Quality Board (EQB) and the Energy Transition Lab. The goal of the Charrette was to
determine the Energy Future Vision for the city by capturing the “ambitions and concerns” of key
stakeholders with relevant economic, social, environmental, [and] sustainability aspects.”9 The group
focused on 3-4 key topic areas, including locally produced biomass, solar, and energy efficiency, with a
strong economic development lens. One of the outcomes was a priority list of three topics for future
research and analysis, including understanding the regulatory, policy, and legal barriers to deploying
Combined Heat and Power (CHP) in Duluth.10
The goal of this report is to address those questions with accurate and detailed information that is
accessible to non-experts.11 The Minnesota Department of Commerce-Division of Energy Resources
(DOC) and many stakeholders and experts have analyzed CHP barriers and opportunities in depth, in
dozens of documents in total constituting thousands of pages.12 This report is a relatively short, high level,
and non-technical summary of that extensive body of work, along with some Duluth-specific information
and case studies.

What is Combined Heat and Power?
Combined Heat and Power (CHP), also known as co-generation, is the simultaneous production of
electricity and useful thermal energy from a single fuel source.13 CHP can refer to a power plant that
generates electricity, and in the process captures the waste heat to use it productively (Topping Cycle
CHP). It can also describe a process that uses thermal energy like steam or hot water for heating, cooling,
or industrial process and uses some of the excess to generate electricity (Bottoming Cycle CHP). Either
way, CHP is a highly efficient way to use one unit of energy for multiple purposes.

6

Ecolibrium 3 is a local nonprofit based in Duluth Minnesota. Ecolibrium 3 Website: http://www.ecolibrium3.org/
See the Great Plains Institute: http://www.betterenergy.org/
8
See the Rocky Mountain Institute: http://www.rmi.org/
9
The Charrette also served as impetus for the Rocky Mountain Institute’s Community Energy Resource Guide
(2015): http://www.rmi.org/community_energy_guide
10
The other two topics make up the other main chapters of this report: analyzing the economic impact of
bioenergy and solar and investigating the potential for Net Zero energy building retrofits.
11
See Glossary, page 57 of this report.
12
See Minnesota Department of Commerce’s CHP Stakeholder Engagement webpage:
http://mn.gov/commerce/industries/energy/distributed-energy/combined-heat-power.jsp
13
See U.S. DOE definition of CHP: http://energy.gov/eere/amo/combined-heat-and-power-basics
7
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Figure 1: CHP vs. Traditional System14

CHP plants can use a variety of fuels, including natural gas, coal, and biomass. Its most common uses in
Minnesota are in chemical and paper manufacturing and processing, district energy systems, metals
mining, food processing, and institutions like hospitals and universities.

Why is CHP important?
When CHP systems are properly sized and installed, they can reduce energy costs, improve power
reliability, power quality, and environmental quality, as well as increase energy efficiency.15 Combining
heat and power production from one fuel input is much more efficient than conventional electricity
generation, which wastes an average of roughly 2/3 of the Btu value of the energy input.16 Separate
centralized electricity generation and on-site heat generation has a combined efficiency of roughly 45%;
cogeneration or CHP can reach efficiency levels of up to 80%.17 18

14

Source: Center for Sustainable Energy https://energycenter.org/self-generation-incentiveprogram/business/technologies/chp, (used with permission).
15
Analysis of Standby Rates and Net Metering Policy Effects on Combined Heat and Power (CHP) Opportunities in
Minnesota, Energy Resources Center (ERC), University of Illinois at Chicago, (April 2014), p. 10:

http://mn.gov/commerce-stat/pdfs/card-report-anal-standby-rates-net-metering.pdf
16

Energy Efficiency Indicators for Public Electricity Production from Fossil Fuels, International Energy Agency (IEA)
Information Paper, (2008), p. 5:
https://www.iea.org/publications/freepublications/publication/En_Efficiency_Indicators.pdf
17
Center for Climate and Energy Solutions (C2ES) Website, Cogeneration/Combined Heat and Power:
http://www.c2es.org/technology/factsheet/CogenerationCHP
18
Also see Oak Ridge National Laboratory, Combined Heat and Power: Effective Energy Solutions for a sustainable
Future, by Anna Shipley et al, (Oak Ridge, 2008), 6.
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Figure 2: Wasted Energy19

19

Lawrence Livermore Labs: https://flowcharts.llnl.gov/
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In the generation of electricity from power plants, Minnesota average efficiency is less than 33 percent,
accounting for Btu losses in electricity generation, transmission, and distribution.20 While somewhat
better than the national average, Minnesota is only 43% efficient in converting all fuel sources (including
petroleum, gasoline, etc. in Figure 2) to useful energy.21 Wasted energy means wasted energy dollars.
CHP which generates both electricity and thermal energy from the same fuel can save 35% of energy
used.22 23

Figure 3: Waste Heat Comparison. Source: International District Energy Association

For example, as the image above from the International District Energy Association shows, 60% of the
energy produced by conventional power plants is lost as waste heat while only 20% of energy produced
by district energy/combined heat and power plants are lost as waste heat. CHP plants' ability to capture
heat and utilize it helps to significantly increase the efficiency of the system.
Most of the loss from conventional power plants is in the form of waste heat. In 2012, Minnesota power
plants consumed 520 Trillion (TBtu) of fuel, and 340 TBtu of that fuel input was lost as waste heat.24
Compare that with the total demand for heat in Minnesota buildings and industry: 408 TBtu. In other
words, the amount of wasted heat could meet over 80% of Minnesota’s heat and thermal energy needs.
As indicated, the strongest value proposition for CHP is its ability to save up to 35% of the energy
required for a given purpose, cutting energy costs and reducing CO2 and other pollutants. Thus, CHP can

20

FVB Energy, Minnesota Combined Heat and Power Policies and Potential Final Report, (July 2014), p. xiii,
accessible at http://mn.gov/commerce-stat/pdfs/CHP%20pdfs/CHPRegulatoryIssuesandPolicyEvaluation.pdf
21
FVB Presentation to CHP Stakeholder meeting, Sept. 3, 2014, slides accessible on DOC CHP website:
http://mn.gov/commerce-stat/pdfs/CHP%20pdfs/FVB%20Energy%20Presentation.pdf
22
CHP in Minnesota: Baseline and Value Proposition Factsheet, Microgrid Institute for the Minnesota Department
of Commerce, Division of Energy Resources (August 2014).
23
Assessment of the Technical and Economic Potential, For CHP in Minnesota, CARD Final Report, FVB Energy Inc.
and ICF International, prepared for DOC., (July 2014), at 1.
24
FVB, Policies and Potential, at p. xiii
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Energy Used, Wasted and Needed

save money, especially for commercial, industrial, and institutional customers. Utility-owned CHP plants
can also be an attractive investment.25

Heat Used, Wasted and Needed - By The Numbers
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Figure 4: Heat Used, Wasted and Needed

Additionally, CHP can help Minnesota achieve state and federal energy requirements. Minnesota state
law mandates increased annual energy efficiency in electricity and natural gas and also set goals for
economy-wide greenhouse gas reduction.26 The legislature has stated in law that “energy savings are an
energy resource, and that cost-effective energy savings are preferred over all other energy resources.”27
In addition, state laws promote the growth of renewable energy resources, including biomass.28 CHP is
highly suitable for renewable resources such as biomass. It’s also a good fit with district energy systems.29
Finally, on-site CHP systems can also allow hospitals, universities, and other important facilities to provide
resilient backup power, maintaining electricity and heating supplies during extreme weather
emergencies.30 31
Other state policies support CHP and co-generation. According to the recent Minnesota Public Utilities
Commission Grid Modernization report, the Cogeneration and Small Power Production statute is intended
“‘to give the maximum possible encouragement to cogeneration and small power production consistent
with protection of the ratepayers and the public.’”32 And finally, federal rules proposed under the Clean

25

DOC CHP Final Action Plan, Abridged Report (October 2015), at 2
Minnesota Statute 216B.241; 216H.
27
Ibid, 216B.2401.
28
Minnesota Statutes 3.8852, 41A.11, 216B.1691 (Renewable Energy Objectives and Standards), etc.
29
Ken Smith, President and CEO, St. Paul District Energy. Interview, 2016.
30
Burr et al. (2013): http://mn.gov/commerce-stat/pdfs/CHP%20pdfs/MN-Microgrid-WP-FINAL-amended.pdf
31
For more information see the following Oak Ridge National Laboratory 2013 report:
http://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/chp_critical_facilities.pdf
32
MPUC staff report on Grid Modernization, quoting Minn. Stat. Sec. 216B.164:
http://www.mrenergy.com/uploads/files/2016-0324_MPUC_Staff_Report_Grid_Modernization.pdf
26
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Air Act (the Clean Power Plan) will potentially require a 32% reduction in power plant emissions by 2030,
thereby further incenting CHP efficiency savings.33

“CHP can potentially help support key policy goals by increasing the average efficiency of
Minnesota’s electric and thermal generation systems, reducing aggregate greenhouse gas
emissions, and improving the energy security and resilience of local energy systems”
-Minnesota Department of Commerce-Division of Energy Resources
Although there are significant benefits to CHP, many barriers limit its use in Minnesota. This report
specifically focuses on Duluth, but will provide statewide information on barriers to CHP that will put
Duluth into a broader context. The report will:
a.
b.
c.
d.
e.
f.

Summarize current CHP deployment in Minnesota
Review the identified barriers and solutions to CHP in Minnesota
Describe two case studies of successful CHP projects in Minnesota
Compare those with two case studies of past Duluth proposals
Evaluate the opportunity for two current Duluth-area CHP projects
Based on the case studies and the statewide analysis, discuss regulatory, policy, and legal
barriers, opportunities, and solutions for CHP in Duluth

33

Clean Power Plan implementation has been stayed by the U.S. Supreme Court. For Minnesota’s proposed
specific targets, see EPA.gov at https://www3.epa.gov/airquality/cpptoolbox/minnesota.pdf
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Combined Heat and Power in Minnesota
Existing Facilities
The Minnesota Combined Heat and Power Policies and Potential study by FVB Energy34, completed in
August 2014, was commissioned by the Minnesota Department of Commerce- Division of Energy
Resources (DOC). According this study, there are:




961.5 Megawatts of CHP operating in Minnesota
52 sites
83% in large systems, greater than 20 Megawatts

The largest CHP plants are chemical and paper processing. The FVB study identified the technical potential
for new natural gas-fired CHP plants in Minnesota as 3049 Megawatts and for biomass CHP, 230
Megawatts.35 The economic potential, those with estimated payback of less than 10 years, is 984 MW.
The report identifies CHP economic potential by utility service territory; most of the potential is located
in high load factor markets in Minnesota Power and Xcel Energy territories. High load factor, the ratio of
the average load divided by the peak load, means that energy usage is relatively constant rather than
“peaky”. These estimates do not include the potential for converting existing power plants to recover
currently wasted heat to use for heat and industrial processing and for reducing statewide greenhouse
gas emissions.

The economic potential for new CHP plants with an estimated payback
period of 10 year or less is 984 megawatts

34

Minnesota Combined Heat and Power Policies and Potential, CARD Final Report. (2014). FVB Energy Inc.,
prepared for Minnesota Department of Commerce Division of Energy Resources at page xvi; also see Assessment
of the Technical and Economic Potential for CHP in Minnesota, FVB Energy, (2014), 2, 47:
http://mn.gov/commerce-stat/pdfs/chp-technical-economic-potential.pdf. Another useful reference on CHP in
Minnesota is Minnesota Microgrids: Barriers, Opportunities, and Pathways Toward Energy Assurance, Microgrid
Institute for DOC, (2013): http://mn.gov/commerce-stat/pdfs/CHP%20pdfs/MN-Microgrid-WP-FINAL-amended.pdf
35
Assessment of the Technical and Economic Potential for CHP in Minnesota, FVB Energy, (2014), 27-33:
http://mn.gov/commerce-stat/pdfs/chp-technical-economic-potential.pdf
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Identifying CHP Barriers in Minnesota
Combined heat and power projects face a range of economic, regulatory, and institutional challenges in
Minnesota.36 In this section we review and summarize the significant amount of recent policy analysis,
research, and stakeholder engagement on the issue of policy and regulatory barriers to combined heat
and power in Minnesota.
Energy Savings Goal Study
In 2013 The Minnesota Legislature established the Energy Savings Goal Study (ESG),37 which required a
study of energy efficiency generally, including CHP in Minnesota. The DOC conducted stakeholder
meetings in late 2013 and its ESG Study report and findings were presented to the Legislature in 2014.
One key recommendation was for continued evaluation of combined heat and power:
Commerce recommends that the legislature explore and define a more specific policy objective
behind CHP development in the state. Commerce recommends continued engagement of
stakeholders in 2014 to clarify policy regarding the incorporation of CHP into existing policy
frameworks and, more specifically, its inclusion in CIP [the Conservation Improvement Program].38
The study concluded that any program or policy to promote CHP should “reduce risk for customers and
for utilities,” and “have long-term achievement objectives that focus on system reliability and
utility/operator relationships.”39 The key barrier to CHP identified was Standby Rates, which are charges
by utilities to customers with on-site, non-emergency generation, including CHP, for the service of
providing grid backup power when on-site generation is not available.40
The DOC received a grant from the U.S. Department of Energy (DOE) to carry out a strategic stakeholder
engagement process and develop an Action Plan for CHP deployment in Minnesota in 2014-2015. The
process included:





Informing stakeholders of current activity
Discussing barriers and opportunities
Soliciting solutions
Developing an action plan with detailed steps necessary to increase deployment of CHP in
Minnesota

36

Assessment of the Technical and Economic Potential for CHP in Minnesota, FVB Energy, (2014), xiv:
http://mn.gov/commerce-stat/pdfs/chp-technical-economic-potential.pdf
37
House File 729 (H.F. 729), 4th Engrossment, Article 12 Section 8 was passed in 2013 establishing the Energy
Savings Goal Study (ESG) Minnesota Department of Commerce Division of Energy Resources Energy Savings Goal
Study and Stakeholder Process Legislative Report, (2014): http://mn.gov/commerce-stat/pdfs/esg-legislativerpt.pdf
38
Ibid., 1.
39
Ibid., 12.
40
Ironically, each utility in Minnesota has only a small number of customers paying standby tariffs; they appear to
have a disproportionate impact on CHP projects.
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Throughout the period of the DOE grant, the DOC conducted a series of stakeholder meetings which
included multiple expert reports and presentations, facilitated discussions, and stakeholder surveys and
written comments. All of this detailed information is collected on DOC’s website.41 We summarize the
results of this work into two parts, the expert reports and recommendations and the stakeholder input.
Note that these analyses include two models of CHP ownership, 1) customer-sited and financed by
customer and/or third party and 2) utility-owned or financed projects.

Expert Studies
Several expert studies analyzed the effects of Minnesota’s standby rates and net metering rules on CHP
development in the state and recommended policy changes to rate structures.42 43 The Energy Resources
Center (ERC) report recommended a number of best practices for designing standby rates, grouped by
functional criteria.44 ERC used three functional categories of criteria to evaluate standby rates:




Transparent rates provide customers with clear signals on the cost of electric service and help
customers operate in a cost-effective manner that lessens their burden to the utility
Flexible rates are those which allow the customer to avoid charges when not using service.
Electric rates that promote economically efficient consumption should be designed to discourage
the wasteful use of utility services while promoting all that is economically justified in terms of
private and social costs incurred and benefits received.45

The report provides recommendations related to each of these categories:
Principle
Transparency

Figure 5: Expert Recommendations
Analysis and Recommendation
Standby rates should be transparent, concise and easily understandable. Potential CHP
customers should be able to accurately predict future standby charges in order to
assess their financial impacts on CHP feasibility.
Standby usage fees for both demand and energy should reflect time-of-use cost
drivers. Time-of-use energy rates send clear price signals as to the cost for the utility
to generate needed energy. This would further incentivize the use of off-peak standby
services.

41

Combined Heat and Power Stakeholder Engagement, Minnesota Department of Commerce:
https://mn.gov/commerce/industries/energy/distributed-energy/combined-heat-power.jsp
42
Footnote 7 Analysis of Standby Rates, Energy Resources Center, University of Illinois at Chicago, (April 2014):
http://mn.gov/commerce-stat/pdfs/card-report-anal-standby-rates-net-metering.pdf
43
Other relevant reports include Selecky, Iverson and Al-Jabir; (2014), Standby Rates for Combined Heat and Power
Systems: Economic Analysis and Recommendations for Five States. Regulatory Assistance Project; Electric Utility
Standby Rates: Updates for Today and Tomorrow, National Regulatory Research Institute, (July 2012); Guide to the
Successful Implementation of State Combined Heat and Power Policies, SEE Action (DOE), (March 2013); also see
Dept. of Commerce webpage Standby Rates: Scoping for Generic Proceeding, citing several other national studies
and the Nov. 19, 2015 PUC order: https://mn.gov/commerce/industries/energy/distributed-energy/standbyrates.jsp
44
ERC, 10-12.
45
Ibid.
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Flexibility

Economically
Efficient
Consumption

The Forced Outage Rate should be used in the calculation of a customer’s reservation
charge.46 The inclusion of a customer’s forced outage rate47 directly incentivizes
standby customers to limit their use of backup service. This further links the use of
standby to the price paid to reserve such service creating a strong price signal for
customers to run most efficiently. This would also involve the removal of the grace
period.
The standby demand usage fees should only apply during on-peak hours and be
charged on a daily basis. This rate design would encourage [distributed generation]
DG customers to shift their use of standby service to off-peak periods when the
marginal cost to provide service is generally much lower. Furthermore, this design
would allow customers to save money by reducing the duration of outages.
Grace periods exempting demand usage fees should be removed where they exist and
standby rates should be priced to reflect usage. Exempting an arbitrary number of
hours against demand usage charges sends inaccurate prices signals about the cost to
provide this service. The monthly reservation cost providing the grace periods charges
for 964 hours of usage no matter if a customer needs that level of service. Standby
demand usage should be priced as-used on a daily and preferably an on-peak basis.
This method directly ties the standby customer to the costs associated with proving
standby service and allows customers to avoid monthly reservation charges by
increasing reliability.48

The FVB Policies and Potential study analyzed regulatory issues and policy barriers and potential solutions
and identified a range of economic, regulatory, and institutional challenges:49
 Relatively low electricity prices in Minnesota make CHP economic viability more challenging in
comparison with other states.
 Most potential industrial or commercial entities require a very short payback on efficiency
investments including CHP.
 Most industrial and commercial entities do not have the experience, skills and time for the
difficult task of developing a CHP project.
 Decades of energy supply and price volatility inhibits CHP investment.
 There is no market value established for the GHG, power grid resiliency or other benefits of CHP.

46

Reservation Charge refers to a “monthly charge per kW of the customer’s needed standby capacity and cannot
be avoided when standby is not taken. The reservation charge generally ensures that standby service will be
available when needed by the customer during unscheduled and scheduled outages.” ERC, 22.
47
Forced Outage Rate (FOR): the FOR “of a generating unit for a given time span is defined as the number of hours
the unit is forced out of service for emergency reasons divided by the number of total hours that the generating
unit is available for service during that time interval (plus the number of hours during a forced outage). The FOR
measures the probability that the unit will not be available for service when required.” ERC, 23.
48
ERC, 11-12.
49
FVB, Policies and Potential, xiv.
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 Historically, CHP projects have been discouraged by unfavorable interconnection requirements
and standby rates.
Other reports documented barriers to CHP and recommendations for improvement.50

Stakeholder Views: Barriers to Development of CHP
Stakeholders, mostly from Minnesota, have weighed in on barriers to CHP based on their own real-life
experiences. It’s important to note that stakeholders include utilities, customers, third party developers,
and others, who may have divergent views on barriers. Stakeholder perspectives on CHP barriers vary
depending on whether they reflect an energy customer or third party developer interested in deploying
CHP on-site, or a utility company which is considering investing in a CHP facility that is customer-sited or
at an existing power plant.
General stakeholder perspectives:




CHP economics are considered mixed for commercial financing
Existing incentive programs are viewed as inadequate to support CHP financing in Minnesota
The biggest gaps in knowledge and talent involve business, finance, and legal expertise51

From the perspective of developers, customers, or other third parties, barriers to investment and
deployment include:
 Current policies and standards complicate projects and inflate costs
 Policies focus too much on utility investment in onsite power systems
 Lack of price signals for environmental, social, and system attributes
 State goals of conservation and clean energy should better overcome challenges
 Standby changes aren’t flexible or transparent
 Standby power tariffs and net metering are not considered fair toward third-party-owned CHP
 Utility strategy/business conflicts are seen as hindrances to CHP
 Statutory size limits (Minn. Stat. 216H and PURPA) constrain potential for economic CHP
development.
 Limitations and restrictions reduce the ability to transport power and integrate generation
resources.
 Non-utility companies are restricted in power and heat sales.52

50

See Microgrid Institute, CHP in Minnesota: Baseline and Value Proposition Factsheet, for the Minnesota DOC
(August 2014); SEE Action (DOE) Guide to the Successful Implementation of CHP (March 2013); Microgrid Institute,
Minnesota Microgrids (2013); DOC Final Action Plan (2015).
51
Microgrid Institute, Summary of Stakeholder Engagement (Feb. 2015): http://mn.gov/commercestat/pdfs/CHP%20pdfs/MicroGridInstCHPStakeholderEnegagementProcesssummarypdf.pdf
52
Ibid; see also WLSSD Comments on CHP Deployment in Minnesota (2014): http://mn.gov/commercestat/pdfs/CHP%20pdfs/WesternLakeSuperiorSanitaryDistrictComments.pdf and DOC, Final CHP Action Plan,
Unabridged Report (Oct. 2015).
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From the perspective of utilities, regulatory and legal issues affecting their ability to finance, own, and
operate CHP projects include the following. Utilities generally:
 Support policy changes that would clarify cost-recovery for CHP investment at customer sites
where appropriate, but utilities generally oppose new regulatory requirements
 Question assumptions of market potential and comparative costs/benefits
 Are concerned about potential ratepayer cross subsidization, and community burdens without
commensurate benefits
 Are concerned about preferential treatment of gas companies over electric companies53
Other specific issues affecting utilities:





Risk of holding stranded assets if a CHP customer could go out of business or significantly reduce
their energy load.
Responsibility for reliability, grid integration, and risk-mitigation costs.
Requirement to meet service obligations and restrictions, and limitations in investments by leastcost planning requirements and cost-calculation, apportionment, and recovery provisions.
Potential fuel-switching regulations and considerations

Issues utilities share with customers and third parties:



There are a lack of mechanisms to attach a value to thermal output.
Statutes create size limitations; Minn. Stat. 216H prevents baseload plants larger than fifty
Megawatts.54

The Brattle Group evaluated utility approaches across the U.S. and found that they range from trying to
block CHP, to accommodating it, to capitalizing on CHP as an opportunity to meet efficiency and
renewable energy goals and support customer preferences.55
For both utilities, customers, and third parties, many of the barriers identified relate to costs and
benefits—who pays and who benefits, and payback and investment options. Others relate to system
issues such as reliability, stranded assets, and siloed regulatory treatment of electricity and thermal
energy systems. Other policy and regulatory questions are significant—the lack of incentives or
alternative avoided cost formulas for more efficient energy facilities that help meet state renewable
energy and greenhouse gas reduction goals. Other barriers include gaps in knowledge and expertise.
There is not one simple answer to the question “given all the benefits of combined heat and power, why
doesn’t Minnesota use it more?”

53

Microgrid Institute, CHP Stakeholder Comments, Preliminary Summary Report (Sept. 24-Oct. 10, 2014):
http://mn.gov/commerce-stat/pdfs/CHP%20pdfs/CHPMeeting3-MGCommentsReport.pdf and Final Summary
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Potential Solutions
The long litany of barriers gives rise to a wide array of possible solutions, but not every barrier has a clearly
defined antidote. In this section, we summarize and evaluate a number of potential policy and regulatory
and other solutions to CHP challenges. First we list the priority steps selected in DOC’s Final CHP Action
Plan, then we categorize the most important recommendations made by DOC, experts, and stakeholders
into our own summary list of solutions. Then, we analyze and assess progress for each solution category.
The DOC established a Final Action Plan with a variety of recommendations. In it DOC established six
Priority Areas:
1. Establish CHP Evaluation Methodology and Criteria, to provide regulatory certainty regarding how
CHP projects could be evaluated within CIP. Specifically, in the near term, DOC proposes
establishing a CHP energy savings attribution model and project evaluation criteria
2. Map CHP Opportunities including public facilities like wastewater treatment plants
3. Education and Training Needs and Options
4. CHP Ownership Problems and Solutions—making funding streams and financing opportunities
available, including access to on-bill repayment for utility investments in customer-sited CHP.
5. CIP CHP Supply-Side Investments—considering utility investment in new infrastructure to capture
waste heat from power plants as EUI-CIP
6. Standby Rates56
Including DOC’s priorities and other expert and stakeholder input, we categorize all of the solution options
into the following primary areas:57









Reform Standby Rates
Use Conservation Improvement Program as incentive mechanism
Pass new legislation creating procurement targets
Create or expand financial incentives or ease of financing for CHP
Remove specific barriers in existing law
Change regulatory practices in pricing, billing, and cost analysis
Advance education, technical assistance, and training
Map Opportunities

Below, we summarize each area and give a status update, if any.
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DOC, Final Action Plan, Unabridged Report (Oct. 2015), 30.
This list represents an amalgam of different reports and stakeholder input. See DOC’s CHP webpage, including
Microgrid Institute, CHP Post-Engagement Stakeholder Survey, for the most effective policy initiatives preferred by
participants:
1. Introduce transparent, unbundled pricing for standby rates (forty-three percent of respondents)
2. Establish CHP project evaluation methodologies and criteria (thirty-nine percent of respondents)
3. Introduce transparent, unbundled pricing for standby rates (forty-three percent of respondents)
4. Establish CHP project evaluation methodologies and criteria (thirty-nine percent of respondents)
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Analysis of Solutions
1. Standby Rates
As stated above, standby rates are charges by utilities to customers with on-site, non-emergency
generation, including CHP, for the service of providing grid backup power when on-site generation is not
available. Many experts and stakeholders believe that reforming standby rates could enable many more
CHP projects to be cost effective.

“If the economic barrier that standby rates currently impose on CHP projects were completely
eliminated, the ERC’s analysis indicates that the potential for new CHP capacity with a less than
a ten-year payback would increase from 779 MW to 1,116 MW within Minnesota’s IOU service
territories”
-DOC CHP Final Action Plan, page 52
The most common recommendations for reforming standby rates, from both experts and stakeholders,
include the following criteria:58







Rates should be transparent and easily understandable.
Pricing should be “unbundled,” meaning that rather than a flat rate, each driver of cost should be
charged separately, for “dedicated distribution, shared distribution, transmission, and generation
capacity.”59 That is, the specific costs attributable to the specific customer should be
differentiated from the larger costs to the grid that are shared by many customers.
Tariffs should give a clear customer price signal based on costs and reward customers for shifting
their back-up usage away from expensive peak demand hours. Charges for both demand and
energy60 should reflect time of use differences. ERC recommends that standby demand usage
fees should only apply during on-peak hours and be charged on a daily basis. According to ERC’s
review of Minnesota Power’s standby tariff, “[i]f outages can be controlled and minimized the
CHP system operator can save a great deal of money” on their rates.61
Rates should be flexible, so customers can avoid charges when not using backup service.62
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ERC, Analysis of Standby Rates; DOC Final Action Plan, (2015) 52. See the ERC report for more detail on how
standby rates work in Minnesota, and other recommendations on Forced Outage Rate, Grace Periods, and
interaction with Net Metering.
59
Ibid., 24.
60
In a typical monthly billing period, “demand” refers to the maximum amount of energy (kw) used in a given
period during that month (peak) and energy refers to how many kwh used during the entire period. For a helpful
example, see Understanding Demand and Consumption: http://www.think-energy.net/KWvsKWH.htm.
61
ERC, Overview of Minnesota Utility Standby Rates, Minnesota DOC Workshop, (Sept. 11, 2014), 16:
http://mn.gov/commerce-stat/pdfs/overview-mn-utility-standby-rates.pdf
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For more analysis of standby rate design, see DOC Comments to MPUC in Docket No. E002/M-13-315 et al, Need
and Appropriate Scope for a Generic Proceeding on Standby Service Tariffs, (Jan. 30, 2015).
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Status Update on Standby Charges
In 2013, the Legislature passed legislation prohibiting utilities from imposing standby charges on netmetered or other qualifying facilities of 100 kW capacity or less.63 Prior to the legislation, Minnesota Public
Utilities Commission (PUC) order had exempted facilities of 60 kW or less from standby charges. Several
investor-owned utilities filed proposed tariff modifications. In related dockets, some advocates
recommended that the exemption to standby charges should be extended to net metered facilities under
1,000 kW (1 Megawatt) as allowed by the 2013 statute.
In January 2014 the Minnesota Public Utilities Commission (PUC) approved the utilities’ proposed tariff
changes prohibiting standby charges for net-metered or qualifying facilities of 100 kW or less.64 Other
than that change, the order stated the 2004 rules for allowable costs for standby charges remained in
force.65 The PUC also required investor-owned utilities in Minnesota66 to confer with other stakeholders
and the Minnesota Department of Commerce—Division of Energy Resources “on the need and potential
scope for a generic proceeding to address standby rates.” In January 2015 the DOC recommended that
the Commission undertake a generic proceeding to review standby charges and develop a generic
approach and framework for standby service that meets goals for transparency, economic efficiency,
flexibility, accuracy, fairness, and other principles and best practices.67 Through the following months, the
PUC received comments from approximately 20 different entities, and on November 19, 2015 ordered all
rate-regulated utilities to file updated standby service tariffs by May 19, 2016.68 These tariffs have been
filed and the next step is for the PUC to take comments from interested parties. Several parties have
requested an extension in the comment period to August 19, 2016 to allow for adequate review and
analysis.

2. CHP in the Conservation Improvement Program (CIP)
Stakeholders, consulting experts, and the DOC considered two main approaches relating to CHP becoming
eligible for Conservation Improvement Program (CIP) incentives. The Conservation Improvement
Program or CIP, established in Minnesota law in the 1980s, requires MN utilities to achieve 1-1.5% energy
savings goals annually in both electricity and gas sales, through customer (demand-side) conservation.69
As stated in the final CHP Action Plan, “CHP systems do not fit neatly into the standard definition of supplyside or demand-side efficiency resources as CHP systems address system efficiency improvements.
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MN Public Utilities Commission Order, Docket No. E-017/M-13-609 and other related dockets.
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Minnesota Power.
67
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Consequently, CHP does not clearly fit into utility Conservation Improvement Programs, which focus on
demand-side efficiency to meet the 1.5% energy savings goal.”70
Nevertheless, many stakeholders supported exploring two CHP approaches71 including 1) targeting CIP
end-user incentives towards CHP energy customers’ energy savings (demand side) and 2) allowing CIP
incentives to be used to reward utilities that invest in CHP infrastructure (supply side).72
Demand Side Efficiency Approach
The first approach would allow customers to increase efficiency by producing electricity from excess
thermal energy or bottom-cycle waste-heat recovery systems. This would be consistent with CIP’s mission
of reducing electricity demand by customers.73 The demand-side bottom cycle approach could utilize a
new tier of natural gas and electric utility Conservation Improvement Program (CIP) incentives targeted
at end-users.74 FBV’s study modeled these with either capital incentives, operating incentives, or a
combination of both capital and operating incentives to customers or third parties.75 The study also
suggests utilities could leverage their low cost of capital to finance CHP retrofits and recover it in their
rate base. 76
To enable including CHP in demand-side CIP, DOC’s Action Plan prioritizes establishing an attribution
model and project evaluation criteria for CHP energy savings.77 Discussions with stakeholders suggest
there is a need to provide regulatory certainty regarding how CHP projects could be evaluated within CIP
and how to measure energy savings. DOC is currently moving forward on this Action Item to establish a
CHP Energy Savings Attribution Model and Project Evaluation Criteria.
One point to consider, especially in Minnesota Power’s territory, is that many large industrial customers
have opted out of CIP and evaluate their own efficiency actions. This decreases transparency and may
decrease the opportunities for CHP energy savings possible at these facilities.
Status Update on Demand-Side CIP for CHP
The U.S. Department of Energy is finalizing a CHP energy savings measurement and evaluation protocol
with a national group of stakeholders. At the state level, DOC is responsible for developing and
maintaining standard energy-savings assumptions for use under utility energy efficiency programs. The
70

DOC, CHP Final Action Plan, Abridged Report, (Oct. 2015), 15.
Note that some utility stakeholders raised a number of objections to both approaches, summarized in CHP
Stakeholder Comments, Comment Period: Sept. 24 through Oct. 10, 2014, Final Summary Report by Microgrid
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DOC has developed a Technical Reference Manual (TRM) to serve as a reference for standard algorithms
and assumptions for calculating savings from a wide array of energy efficiency measures.78 DOC also
established a Technical Reference Manual Advisory Committee (TRMAC) in 2013, which acts as a forum
for Minnesota utilities and other stakeholders to provide ongoing feedback and recommendations
regarding the content of the Minnesota TRM.79 The protocol is expected to use utility-specific algorithms
for evaluating CIP-eligible savings. Assuming stakeholder support, DOC anticipates these changes will be
incorporated into the yearly TRM update.80
CHP Supply Side Efficiency Approach
The second approach to using CIP would include CHP as a supply-side opportunity, in which a utility invests
in a new CHP plant which will generate both electricity and thermal energy.81 It is considered a supplyside resource because its function is to produce additional energy rather than reduce waste from existing
energy production. Credit for this type of utility-owned CHP would utilize the Electric Utility Infrastructure
EUI provision in CIP. This approach is more controversial among stakeholders, as a supply-side option. As
Minnesota Power commented, “[r]educing energy usage is always more cost-effective than adding
efficiencies to energy production.”82 Others suggested that new topping-cycle CHP systems (power plants
that capture waste heat) are new generation and should therefore be considered in Integrated Resource
Plans rather than being considered as a conservation measure.83 Thirty-eight percent of respondents who
participated in the post-engagement CHP stakeholder survey indicated that including CHP as an eligible
supply-side resource under electric utility infrastructure (EUI) investments in CIP would be an effective
policy initiative to explore and facilitate CHP deployment in Minnesota.84
Existing Minnesota law is ambiguous or even contradictory in its treatment of EUI investments in CIP. On
the one hand, the law allows a utility or association to include in its CIP plan energy savings from EUI
improvements projects “approved by the Minnesota Public Utilities Commission under 216B.1636 or
waste heat recovery converted into electricity projects that may count as energy savings in addition to a
minimum energy-savings goals of at least one percent for energy conservation improvements.” The EUI
projects must “result in increased energy efficiency greater than that which would have occurred through
normal maintenance activity.”85 This statute suggests that investor-owned utilities can seek cost recovery
for these investments.86
However, the definitions section of the same statute states:
Energy conservation improvement “means a project that results in energy efficiency or energy
conservation. Energy conservation improvement may include waste heat that is recovered and
converted into electricity, but does not include electric utility infrastructure projects approved by
78
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the commission under section 216B.1636. Energy conservation improvement also includes waste
heat recovered and used as thermal energy.”87

87

Minnesota Statute 216B.241, Subd. 1 (e).
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Status Update on Supply-Side CIP for CHP
There are a number of uncertainties that would need clarification to move forward with EUI-CHP in CIP.
DOC is seeking grant funding to advance the policy discussion with stakeholders, and to address questions
related to program design, administration, regulatory treatment, and measuring project benefits.
Additionally, the Legislature would need to clarify the laws.

3. Legislation Creating New Portfolio Standards for CHP
FVB’s Policies and Potential Report included a variety of policy options that could help drive adoption of
CHP.88 Policy option group 4 and 5 include new or expanded renewable portfolio standards, or
procurement targets for utilities. The current Renewable Energy Standard requires all Minnesota utilities
to procure or generate 30% renewable electricity by 2030 (Xcel Energy) or 25% by 2025 (all other
utilities).89 The first set of options would amend this requirement and add biomass-fired CHP as an eligible
renewable technology. This would be a “carve-out” of the existing requirement, or could be part of an
expanded RPS with higher numerical goals. The second option would create a new alternative portfolio
standard (APS) for CHP requiring electric utilities to obtain a given percentage of sales from CHP
(regardless of fuel) by a given year.
Other policy options that would support CHP development would include Clean Power plan compliance
mechanisms or carbon pricing that creates an incentive for lower carbon energy sources and greater
efficiency in electricity generation.90 The state Environmental Quality Board’s Climate Solutions and
Economic Opportunity (CSEO) process included an analysis of CHP to help meet Minnesota’s greenhouse
gas reduction goals.91
Besides portfolio standards, FVB’s report contains specific legislative language suggestions for amending
a variety of Minnesota energy planning statutes. For example, the Integrated Resource Planning law
existing preference for renewable energy facilities could be expanded to explicitly disallow a new plant
that only produces electricity, unless the utility has demonstrated it to be in the public interest.92
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Figure 6: Graphic Overview of Policy Options93

Status Update on Portfolio Standards
DOC did not make portfolio standards an explicit Action Item, but noted under Action Item V. that they
could be a good alternative to the CIP supply-side approach:
[I]f CIP EUI provisions are deemed inappropriate or ineffective to support CHP investments,
Commerce recommends continued discussion with stakeholders regarding alternative policy
solutions such as a new APS that could increase CHP deployment, where appropriate, in Minnesota.94
This new portfolio standard could potentially increase Minnesota’s CHP deployment by as much as 1,000
MW of new CHP by 2030, approximately doubling existing CHP capacity.95 Action Item V. was listed as a
long term goal, so this alternative might not come into play until 2017 or later.
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4. Expand Financing and Financial Incentives
A consistent theme throughout all the Minnesota CHP discussions is the need for incentives to reduce upfront capital costs, direct support for the infrastructure investment, and financing programs to reduce
costs of capital. As in Connecticut and New York state, a Green Bank or similar financing entity that focuses
on clean energy investment and provides tools like gap financing or loan loss reserves would significantly
expand access to capital for CHP and other projects.96 Some private firms are working to establish
community-scale green banks or “clean energy financing hubs” that can help finance local energy
projects.97 Additionally, procurement targets such as renewable energy standards and alternative
portfolio standards, discussed in section 3 above, create a significant financial incentive for utilities to
support CHP deployment, without requiring use of taxpayer funds.
Status Update on Financing
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See the Coalition for Green Capital for information and resources on developing state-level green banks:
www.coalitionforgreencapital.com.
97
For a Minnesota-based company, see Eutectics: http://eutecticsllc.com/clean-energy-financing-hubs/.
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DOC established as Action Item IV “Leverage Existing Financing Programs Applicable to CHP.”98 The DOC
approach in the near term is to explore ways to improve its existing financing program offerings. The
table, below, is part of this DOC’s effort to coordinate this information on their website.99

Figure 7: Financing Programs Chart. Source: Final CHP Acton Plan

5. Address Barriers in Existing Law
Stakeholders have pointed out that part of Minnesota’s Next Generation Energy Act that is intended to
reduce greenhouse gas emissions from new baseload fossil fuel generation could have the impact of
capping any new CHP plants at under 50 Megawatts.100 Under this interpretation, the state law could also
run afoul of federal Public Utilities Regulatory Policies Act of 1978 (PURPA) encouragement for small
power production and cogeneration up to 80 Megawatts.101 The Minnesota Chamber of Commerce
comments state:
Without adding cogeneration and combined heat and power to the specific exclusions found in
§216H.03 subd. 1, the current statute will continue to contradict Minnesota’s nation leading
energy conservation policies and the federal Public Utility Regulatory Policies Act of 1978
98
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100
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(PURPA). Moreover, leaving §216H.03 subd. 1 as it currently reads results in an illogical cap of
49.99 Megawatts for any new CHP facility in Minnesota, even when a larger facility could produce
greater economic and environmental benefits….correcting this is essential to greater CHP
penetration in Minnesota.”102
Status Update
The DOC’s Final Action Plan adopts the stakeholder suggestion of potential 216H waiver process or
alternative treatment for CHP facilities that achieve certain benefit thresholds – e.g., high efficiency,
pointing out that this affects ability of third parties and customers to finance, own and operate CHP
projects. 103 Flint Hills Resources’ Pine Bend Refinery in Rosemount received an exemption from the law
in the 2016 Legislative Session, allowing it to move forward with its CHP project.104

6. Reform Regulatory Practices
Some recommendations for CHP policy changes could be addressed either through legislation or at the
Public Utilities Commission. For example, some have suggested a way to overcome barriers is “flexible
rate treatment including on-bill repayment for utility investments in customer-side CHP.”105
A theme expressed by many stakeholders is that the value of CHP is not accurately captured by the current
economic cost-benefit analysis, and that a more complete accounting of those values should be
incorporated into regulatory decisions. There are many analyses of best practices in capturing the full
value of energy efficiency,106 solar,107 and CHP.108
Several stakeholders, including the Western Lake Superior Sanitary District (WLSSD), have pointed out
that many Minnesota laws establish a strong preference for high efficiency and renewable resources
energy production, but that renewably-fueled CHP receives no greater benefit under rates or regulations
than a fossil-fueled, lower efficiency project.109 For example, see the list of statutes requiring increasing
percentages of renewable energy usage and goals requiring increasing reductions in greenhouse gasses.110
Additionally the Certificate of Need statute states that no proposed large energy facility shall be approved
“unless the applicant can show that demand for electricity cannot be met more cost effectively through
energy conservation and load-management measures” and a nonrenewable energy generating plant shall
not be approved without showing “an assessment of the risk of environmental costs and regulation” over
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the life of the plant and that it is less expensive than a renewable plant.111 While this statute indicates a
strong preference for more efficient and renewable resources, a renewably-fueled CHP plant would likely
be found more expensive than a conventional power plant, given traditional avoided cost calculations.
The Midwest Cogeneration Association takes the position that conventional avoided cost calculations
don’t account for the true value of CHP projects, thus creating a negative financial incentive to cut the size
of projects.
Minnesota utility power buyback tariffs are often based on marginal generation costs. This does
not reflect the true higher avoided costs of future generation. Rates that are improperly based
on marginal costs are insufficient to incentivize distributed generation projects of the future. As
a result of low avoided cost rates of payment, CHP projects are often sized only to offset a facility’s
own electricity consumption without sales back to the grid. In some instances, this is a less cost
effective and less efficient use of a valuable distributed generation resource.112
The Blue Green Alliance states that “[s]ocietal and broader economic benefits (such as avoided costs of
transmission) of CHP need to be captured in the economic decisions to install a CHP system.113
Minnesota Power has expressed concern that CHP projects will cost all of their customers more than
conventional generation.114 However, Minnesota Power has indicated that their utility-owned biomass
CHP plant at their Rapids Energy Center co-located with the UPM-Blandin Paper Company has favorable
economics. In its filing to the PUC, Minnesota Power stated that the plant “provides Minnesota Power
and its ratepayers with considerable revenue stability and provides Blandin with competitive electric rates
and operational flexibility.”115
Public Utilities Commissioners are often reluctant to step outside the boundaries of traditional regulatory
interpretation of concepts like “avoided cost” and “least cost” options, unless they feel they have explicit
legal authority to do so. Legislative action that specifically authorizes the PUC to consider energy system,
long-term, and environmental and social benefits in cost determinations would accelerate these reforms.

7. Advance education, technical assistance, and training
Analysis of stakeholder discussions show three main gaps in market knowledge and workforce resources:
CHP options and opportunities information, regulatory, finance and development issues, and onsite
energy staffing.116
Status Update
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DOC has taken on this priority by updating its website with resources, including information on where to
get technical assistance in assessing potential CHP projects.117 Ideally this resource will help bridge
knowledge gaps across Minnesota.

8. Map CHP Opportunities
While there is significant economic potential for CHP in Minnesota, stakeholders in the DOC process
indicated that identifying viable CHP opportunities would most likely come from individual feasibility
studies or limited utility studies. Stakeholders were largely positive about mapping potential at public
facilities, because they can be good candidates for CHP given that “many have significant and concurrent
electrical and thermal demands” and are “better able to accept longer paybacks and have access to lower
cost financing.”118 DOC adopted mapping of CHP opportunities as its second Priority Area in the Final
Action Plan, and is focusing on wastewater treatment facilities in 2016-2017.119
Mapping opportunities for CHP is an important step for a community interested in maximizing local assets
for a more efficient, integrated, and clean energy system. This can start with heat mapping, identifying
“hot spots” for waste heat. In St. Paul, a model study of this type was done along the Central Corridor
line, which is a key commercial and Green Line transit “spine” along University Avenue, connecting
downtown St. Paul, the University of Minnesota, and Minneapolis.120 This study was focused on
identifying “Energy Island Clusters” which are defined as areas with producers of excess energy (waste
heat or excess energy/physical capacity), significant energy consumption, and relatively compact energyuse pattern or energy density.121
The study goals included:









work with multiple public data sets to evaluate stranded energy opportunities, including industrial
waste heat and excess facility heat capacity, with an eye towards “thermal smart grids”
evaluate components of the energy system including production, distribution, consumption, and
renewable energy and assess the most likely technical, financial, and market scenarios for
adoption
inventory energy production facilities and heat recovery opportunities in the study area
assess energy user potential based on load density and patterns
create a distribution system analysis
assess the potential to convert fossil fuel users to renewable energy
study the feasibility of system integration122
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While this study was in part aimed at use
of district energy systems, the analysis
was focused on identifying combined
heating
and
electricity
energy
optimization opportunities. This kind of
“thermal” mapping with an overlay of
economic development and building
owner information would be a valuable
way for a city to analyze its CHP
potential.
Status Update
DOC has narrowed its initial focus for
high CHP potential on wastewater
treatment facilities given the public
facility advantages mentioned, as well as
the fact that they are large energy users.
Water and wastewater systems
consume an estimated 3-4% of total U.S.
electricity consumption and are often
Figure 8: Distribution of CHP Projects in Minnesota: Source US DOE CHP
one of the larger energy users in Installation Database https://doe.icfwebservices.com/chpdb/state/MN
municipalities.123 DOC points out that
electricity consumption can be reduced
at wastewater facilities by using “anaerobic digestion to produce digester gas and then use the digester
gas as a fuel for the combined production and beneficial use of heat and electrical power.”124 This is the
type of system planned by the Western Lake Superior Sanitary District, described in the Case Study
section, below.
DOC received a DOE grant to map Wastewater Treatment Plant opportunities for CHP, focused on
decreasing energy use and scoping opportunities for renewable energy generation.125 DOC believes this
strategy could identify and spur implementation of some 100 Megawatts of CHP in the near term.126
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CHP Case Studies
For the following case studies, we interviewed individuals who championed CHP projects. Those
interviewed include Ken Smith and Jim Green, Evergreen Energy; Jerome Malmquist, University of
Minnesota-Twin Cities; John Rice, St. Mary’s Hospital (Duluth); Mindy Granley, University of MinnesotaDuluth, and Marianne Bohren, Western Lake Superior Sanitary District (WLSSD). The case studies are
intended to represent the perspective of proponents for customer-sited CHP projects to better
understand the barriers they face. We did not interview other stakeholders, such as utility companies,
involved in each of the projects.

Current Combined Heat and Power Projects in Minnesota
St. Paul Cogeneration
St. Paul’s original downtown coalfired plant was built in the early
1900s, serving the street cars in the
city as well as some steam customers.
As far back as the 1970’s, documents
mention transitioning the system to
alternative fuel sources so renewable
energy was always part of the longterm vision. St. Paul Cogeneration
was established in the 1990s in order
to improve the St. Paul district heating
system’s fuel efficiency and to provide
an environmentally sound source of
electric and heating.
As seen in the cartoon, former St. Paul Mayor George Latimer is widely credited for his visionary leadership
in pushing the project forward.127 In 1993 District Energy St. Paul’s new CEO Anders Rydaker started
focusing upon integrating combined heat and power into the district energy system. Several factors
helped to facilitate the establishment of the plant. New corporate entities were created to implement
the project. Market Street Energy (now Ever-Green Energy) was formed to develop the project, and began
to seriously and strategically plan for implementing CHP. Cinergy joined as a partner on the project and
put up the financial capital, District Energy put up the opportunity, and state biomass legislation facilitated
the development of the project. It took a decade for the new CHP plant, known as St. Paul Cogeneration,
to become operational in 2003.
To make the project work, Northern States Power (now Xcel Energy) had to agree to purchase the
electricity produced by the plant to meet the obligations of the state’s biomass legislation. It took
approximately three years to complete the process to formalize the power purchase agreement (PPA)
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enabling the project to move forward. In the PPA, the utility agreed to pay a certain price for the electricity
produced.128
The new CHP plant was built adjacent to the district energy plant, enabling the use of the waste heat from
electricity production to produce hot water for the district heating system.129 Waste wood is the primary
source of fuel for St. Paul Cogeneration. The plant receives about 40 truckloads of material daily from
municipal and private brush sites, storm-damaged trees, tree trimmings, diseased trees, land clearing,
clean construction residues, habitat restoration projects, and other activities that produce wood waste. A
majority of the biomass for the plant is acquired from within the Twin Cities metropolitan area within 60
miles of the plant.130 The CHP plant is able to produce 65 megawatts of heat and 33 megawatts of
electricity simultaneously which makes it about twice as efficient as a conventional electricity plant. The
plant provides thermal energy for heating approximately 32 million square feet of building space in
downtown St. Paul. Customers include higher education institutions, hospitals, Fortune 500 companies,
commercial buildings, apartments, hotels, entertainment venues, historic buildings, and even the
Minnesota State Capitol. The electricity produced is supplied to the local electric utility, Xcel Energy, in
accordance with the power purchase agreement (PPA).131 District Energy St. Paul is the largest and most
integrated hot water district energy system in North America.

The Opportunity for CHP: What Worked
Financial Partners
To finance the original CHP project, District Energy needed an external financial partner which led to the
formation of Market Street Energy and a partnership with Trigen/Cinergy from Cincinnati, Ohio.132
Supportive Legislation
In 1994, the state Legislature debated the future of nuclear energy in Minnesota. The final “compromise”
legislation that passed was named after the Prairie Island nuclear plant and created the state’s first
mandates for renewable electricity including wind and biomass.133 134 The biomass mandate originally
required NSP to procure 125 Megawatts of biomass-fueled electricity. It is unlikely that either the St. Paul
Cogeneration Project or other resulting biomass projects would have been completed without the
Minnesota Legislature passing renewable electricity legislation that included the biomass mandate.
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Local Leadership
At the same time the cities of Minneapolis and St. Paul were jointly producing climate action plans.
Several items within the action plans focused upon energy, buildings and transport including the
development of biomass CHP in the region. As a result, Minneapolis and St. Paul passed a joint resolution
which was pivotal at building support at the Capitol for the biomass mandate. This was an example of the
importance of cities influencing state action. As Ken Smith, Ever-Green Energy CEO says “Local
governments demonstrate leadership by putting forward clear goals and establishing pathways to achieve
them. It is a critical element to advancing action that leads to meaningful change.”135
Biomass Availability
At the same time, tree cuttings and slash in the Twin Cities were being landfilled, and there was a surplus
of wood waste. Using this tree waste as a source of biomass instead of landfilling was an environmental
solution with multiple benefits. The consistent supply of tree cuttings, logging slash, and other woody
biomass for use as biomass at the CHP plant has also been an economic solution. In recent years, many
communities have come to depend on their partnership with St. Paul Cogeneration and its affiliate
Environmental Wood Supply, to dispose of the excess tree material from storm and emerald ash borer
damage. It would actually cost communities more to dispose of the material in a different manner.
Favorable Carbon Footprint
The carbon neutrality of biomass depends greatly upon the source of the biomass and the distance it is
transported. Whole trees are not cut down to burn as fuel for St. Paul Cogeneration. Rather it utilizes
clean waste wood that otherwise would have to be open burned or landfilled where it would decompose
and release the carbon. The waste wood consumed by St. Paul Cogeneration is normally trucked. For a
project with the Minnesota DNR that disposed of waste wood resulting from the removal of invasive
species, analysis by Ever-Green Energy concluded that the BTU value of the diesel fuel consumed to deliver
a truckload of the biomass from the project site to St. Paul Cogeneration (round trip) was approximately
2% of the BTU content contained in each truckload of biomass.136

Barriers
CEO Ken Smith’s perspective is that “it is understandable why utilities may resist CHP: depending upon
the project, it can result in a loss of sales if a large organization or institution starts producing its own
electricity.” However, Smith says,
If we are going to be serious about carbon reduction, the use of CHP offers great opportunities to
increase efficiencies and cut carbon emissions. It is also an important strategy that is being
deployed in many locations to support the increased integration of wind and solar resources and
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increase resiliency. Those are reasons why CHP is being deployed as important part of energy and
climate strategies in many locations around the globe.137

Future Opportunities
Looking to the future, Smith believes CHP can provide responsive power generation that will be needed
to support a grid more dependent upon variable renewable resources, such as wind and solar, particularly
if thermal storage is added to CHP, as St. Paul is already initiating.138 Germany and other European
countries are deploying a strategy called “Power to Heat” in communities.139 The strategy, a kind of
energy storage, integrates hot water thermal storage tanks together with district heating systems. The
process uses excess wind and solar power from the grid, which otherwise would be curtailed, to generate
heat (thermal energy) that is distributed to buildings connected to the district heating network as needed.
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University of Minnesota Twin Cities
The University of Minnesota’s (UMN) Twin Cities campus is in the process of completing construction on
its new natural gas cogeneration plant. The plant, which utilizes a combustion turbine-driven CHP system,
will be complete and operational by the end of 2016 and will provide thermal energy and electricity; Xcel
energy will provide the University with backup power if needed.140

Capturing the Opportunity for CHP
Several factors helped to facilitate the approval and construction of the University of Minnesota’s
Cogeneration Plant, which is housed on the Minneapolis campus’ 1912 Old Main Utility Building, a legacy
coal-fired heating plant.141
The need for additional heating resources on campus
The major catalyst for the University of Minnesota’s investment in its energy system was the need for
additional thermal energy.142 The University’s boilers were installed in the 1940s and reaching the end of
their service life. At the same time, campus expansion resulted in an increased demand for thermal energy
which was projected to exceed the existing systems’ ability to produce steam in 2014/2015.143
As the University identified options producing additional heat for campus, CHP became an obvious
solution. The University of Minnesota’s Director of Energy Management Jerome Malmquist points out
that a cogeneration system is only feasible for systems with thermal load. If a system cannot utilize the
heat generated through electricity production then it is not possible to justify investing in an expensive
CHP system. If electricity production creates waste heat, that thermal energy will be lost if it is not
captured and utilized. By capturing and utilizing waste heat, the system’s overall energy efficiency is
increased dramatically.144 Malmquist estimates the campus CHP plant will be 80%-83% efficient.
While the need for thermal energy ultimately drove UMN to install an additional power plant, the cost
and efficiency savings obtainable through CHP systems are the factors that ultimately encouraged the
University’s Board of Regents to invest in its 22.8 Megawatt turbine cogeneration system.
The University of Minnesota’s Commitment to Sustainability
In 2008, the University of Minnesota signed on to the American College and University Presidents’ Climate
Commitment.145 The Twin Cities campus has established a plan to reduce greenhouse gas emissions 50%
by the end of 2020 and is developing plans for 100% reduction, or carbon neutrality, by 2050.146 The
University of Minnesota’s Master Plan identifies energy efficiency and the use of renewable energy as
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necessary tools for reducing the campus’ greenhouse gas emissions and UMN Energy Management has
proposed developing a new Utility Master Plan to commence within the next 18 months.147 The Board of
Regents Policy on sustainability and energy efficiency outlined in the 2009 document University of
Minnesota Systematic Sustainability148 also states that “the University shall undertake a process to
increase energy efficiency, reduce dependence on nonrenewable energy, and encourage the
development of energy alternatives through research and innovation.”149 While Malmquist maintains
that the CHP plant was approved as a “good solid business decision,” University leadership may also have
been influenced by students and others in the surrounding community who for several years have
advocated for the University to move “beyond coal.” CHP represents an opportunity to significantly
increase the efficiency of energy production, and therefore reduce greenhouse gas emissions, on campus.
For the University, the ability to cut the institution’s utility footprint by 30% was a major factor that
contributed to the adoption of CHP.150
Resilience
Additionally, the plant makes the University resilient in the event of unanticipated outages. The plant will
be capable of “black starting” with auxiliary generation in case of a transmission grid power failure.
Energy managers will have the ability to “island” the plant and provide heat and power to University
hospitals, labs, and other critical parts of the University’s energy load, protecting people as well as
hundreds of millions of dollars of University research activities.151 The current practice of depending upon
one plant for 100% of the campus’ heat has been cited as a top property insurance risk.
Space Availability
The University of Minnesota’s ability to invest in CHP was also facilitated by the available space on campus
to put in the system. The University had foresight in sizing the previous system, recognizing that future
demand could grow. Otherwise, space could have been a significant hurdle, and space constraints
typically require more planning and stricter design requirements.152
Biomass
While currently the University of Minnesota is not planning on utilizing biomass as a fuel source for the
CHP plant, it is possible that will be considered in the future. However, right now all extra scrap wood in
the region is already used by St. Paul District Energy’s biomass cogeneration plant. The University of
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Minnesota has been considering purchasing oat hulls from Saskatchewan, Canada and has been talking
with NRRI about torrefied material153 154 but the major barrier is the cost of transportation.155

Barriers
Tariffs, Rules, and Statutes
The Public Utility Regulatory Policies Act (PURPA)156 allows a CHP project such as the one at the University
of Minnesota to connect to the grid. However, Malmquist’s perspective is that the biggest hurdle for the
University of Minnesota has been Minnesota tariffs and laws.157 In addition to the standard tariffs it was
necessary to establish an Interconnect Agreement (IA) and Power Purchase Agreement. Malmquist says
“existing regulations have not been developed with the opportunity for cogeneration in mind. Many of
these regulations do not facilitate CHP but rather favor existing utilities as the sole energy producers of
energy.” In addition, the University faced several other unforeseen barriers relating to layers of regulation

Lesson Learned
“The lessons learned from this experience is that before any organization begins a CHP project,
it is necessary to be aware of existing rules and regulations that relate to distributed energy
production, its use, its possible export to the grid, and the backup power needed if the system
fails.”
-Jerome Malmquist, UMN-Twin Cities Energy Manager
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on cogeneration including federal FERC and NERC rules and regulations158 and the Midcontinent
Independent System Operator (MISO)159 rules.
Environmental permitting can be a very large hurdle especially in urban areas. It is necessary to show that
emissions will be reduced as a result of the project.160 The Center for Climate and Energy Solutions explains
that installing cogeneration can increase a facility’s onsite air emissions even if the improvement reduces
total emissions associated with the facility due to the more efficient generation of both heat and
electricity on site. Some environmental permitting regulations do not always take this into account.161
Costs Associated with Connecting to the Grid
While the new cogeneration plant will serve about 60% of the electrical energy needed on an annual basis
for the University of Minnesota’s East Bank campus, it will still be necessary for the University’s system to
be connected to the power grid in order to ensure the reliability of energy to campus in the case of a
campus system outage and to sell any excess electricity into the grid. This means that the University
needed to negotiate a Power Purchase Agreement (PPA) and Interconnection Agreement (IA) with the
local utility, Xcel Energy.162 A PPA is a contract between a party that generates electricity (in this context,
the University of Minnesota) and one that will purchase electricity (in this context, Xcel Energy).163
In many ways, the University of Minnesota’s cogeneration project is setting a precedent. In Minnesota,
the standard interconnection agreement terms apply to systems up to 10 MW, but this project includes a
22.8 MW generator. In addition, typical PPAs assume that 100% of the power being produced will be sold
to the grid. This is not the case with UMN’s cogeneration project. Rather, the university will be producing
20 Megawatts of electricity and plans on utilizing nearly all of the power being produced. The value
proposition for the University requires them to use most of the electricity to offset their electric bill retail
costs, rather than selling it to Xcel for a lower price. As a result, negotiations with Xcel are taking more
time and some rules on energy production and grid connection are being reinvented and redefined,
breaking new ground in the interconnection agreement.164
The University of Minnesota will need to pay for interconnection to the grid as well as standby rates for
backup power from Xcel in the case of an emergency. While the CHP plant is extremely reliable, the
campus depends on consistent energy. If this system fails it would have some very negative consequences
for research on campus.165
Another barrier in this negotiation process is the fact that by self-generating electricity, the University of
Minnesota will cut about $8 million out of Xcel’s net annual revenue, according to Malmquist. Flint Hills
158

North American Electric Reliability Corporation (NERC) establishes technical standards for grid operators:
www.nerc.com/; the Federal Energy Regulatory Commission (FERC) regulates, monitors, and investigates
wholesale interstate energy activity: www.ferc.gov/
159
MISO is the regional bulk transmission operator: www.misoenergy.org.
160
Jerome Malmquist, Director, Energy Management University of Minnesota. Interview, 2016
161
C2ES: http://www.c2es.org/technology/factsheet/CogenerationCHP
162
Jerome Malmquest, Director, Energy Management University of Minnesota. Interview, 2016
163
Thumann and Woodroof, (2009): http://regulationbodyofknowledge.org/wpcontent/uploads/2013/10/Thumann_Energy_Project_Financing.pdf
164
Jerome Malmquist, Director, Energy Management University of Minnesota. Interview, 2016.
165
Ibid.

38

Resources in Rosemount is also building a CHP plant166 meaning that Xcel stands to lose large quantities
or revenue from several different sources. This precedent-setting case will continue to have an economic
effect on Xcel, which could affect the viability of other CHP projects in the region. Malmquist, the
University champion for the project, believes that is why the negotiation process between the University
of Minnesota and Xcel has been difficult and lengthy.167
Malmquist suggests that it is important to know and understand all of the energy costs and charges
required by the local utility prior to beginning a CHP project. Utility tariffs can be very detailed and
complicated. Besides standby rates there may be other additional supplemental costs that will be added
to the bill to cover the back-up power provided by the local utility. Ultimately, the rates established
between the University of Minnesota and Xcel will have a direct impact on the economic viability of the
University’s CHP project.

The economic viability of cogeneration systems depends on their ability to safely, reliably and
economically interconnect with the existing grid. Interconnection standards, including
technical specifications as well as application processes and fees, between utilities and
cogeneration systems are often state mandated and vary regionally.
-Center for Climate and Energy Solutions

Infrastructure/Technological Barriers
Malmquist points out that the siting of a CHP project is a very important factor that contributes to the
project’s overall feasibility and success. A good locale with good infrastructure is very important. While
the University of Minnesota benefited from an existing location that was compatible with the transition
to CHP, the project also encountered barriers related to CHP infrastructure. For example, the existing
water piping on site was not adequate for CHP and had to be re-constructed.168
Other unforeseen technical hurdles the University faced included:




Natural gas pressure: natural gas has to be compressed to 500psi for this type of CHP plant to
function. However, gas purchased from Centerpoint Energy is only at 90psi. The University needed
to purchase a gas compressor to speed up the gas. These compressors can be very loud and
require sound insulation enclosures.169
Duel fuel: The University is an “interruptible rate” customer. This provides the University with a
lower natural gas rate. This means that the University can be curtailed off of natural gas on very
cold days when the energy needs of the area distribution system is greatest. For reliability
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purposes this requires the University to have a dual-fuel CHP system meaning it can operate on
either natural gas or fuel oil. During these peak periods of gas usage, backup fuel oil is used. It is
significantly more expensive than natural gas. However, the lower gas rates significantly
contribute to the CHP project being cost effective.170
Financing
One barrier to adopting CHP, as well as other carbon-cutting technologies, is financial return on
investment and payback periods. Renewable energy and energy efficiency technology often have high upfront costs; the necessary modifications to the electric distribution system on campus for UMN’s CHP
project cost about $8 million. The University’s payback on investment is expected to be 8-9 years,
depending on the price of natural gas and electricity. For most industry capital investments, a 1-2 payback
period is ideal. Longer payback periods indicate a higher level of uncertainty and risk, making investments
look less attractive even if the project will bring huge financial gains, environmental benefits, and a hedge
against electric price volatility in the future.
Future Opportunities
Malmquist suggests that there needs to be an incentive for investors to accept longer paybacks, and that
businesses need to be guaranteed a market for long-term investments such as CHP.171 He believes electric
utilities and state policies need to evolve to better support the ability of customers to supply their own
generation in distributed energy systems, without facing crippling tariffs.172 Like Ken Smith, he points to
northern European countries where policies support the use of highly efficient, distributed heating
systems.
The University’s CHP plant is now successfully moving forward. On May 24, 2016 Xcel Energy filed a
petition seeking PUC approval of the two Power Purchase Agreements (PPAs) and the Interconnection
Agreement sought by the University of Minnesota.173 The first PPA would be for a limited amount of test
energy beginning in fall 2016 and up to the date of commercial operation. The second PPA is for 5 years,
starting once the CHP system has reached commercial operation. The University self-certified with FERC
as a Qualifying Facility (QF) under PURPA, as a small power production facility under 80 Megawatts.
Normally under PURPA and Minnesota law, utilities are required to purchase all energy and capacity made
available by QFs. However, Xcel has received an exemption for plants over 20 MW. Nevertheless, Xcel
states that they agreed to move ahead with this project because the University is a “state constitutional
corporation,” formed before statehood in 1958, which gives the project a unique public interest
component.174
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St. Mary’s Medical Center Duluth
As Northeast Minnesota’s largest hospital, St. Mary’s Medical Center serves patients from across Northern
Minnesota, Wisconsin and Michigan.175 The Medical Center was identified by an evaluation conducted in
2001 by the Minnesota Environmental Quality Board as having good potential for a cogeneration
project.176 The Medical Center leadership considered investing in CHP in the past, and although the
decision was made to put their investment into another sector within the Medical Center, it is likely that
CHP will be brought up again in the future.177
St. Mary’s energy system provides thermal energy for heat and hot water for half of the Essentia Duluth
Campus and is also connected to downtown Duluth’s district energy system.178 St. Mary’s system’s primary
fuel source is natural gas but it also has the ability to burn fuel oil as a backup. With this system, St. Mary’s
Medical Center has the ability to alter its source of energy based upon relative fuel prices. When prices
for natural gas were high several years ago, St. Mary’s began purchasing more energy from Duluth Energy
Systems. Similarly, as prices for natural gas decrease, St. Mary’s is able to produce more energy internally.
St. Mary’s also provides backup steam services to Duluth for when the district energy system goes
down.179

The Opportunity for CHP
St. Mary’s was considering CHP several years ago because the center was in the process of replacing old
equipment. The equipment replacement provided St. Mary’s with the opportunity to evaluate its options
related to energy generation and consider investing in technologies such as CHP.180

Barriers
Ultimately St. Mary’s did not invest in a CHP System for several reasons.
Space
The Essentia Duluth Campus is composed of what was originally four separate businesses. St. Mary’s
Medical Center accounts for approximately 50% of the campus square footage. Over the past 20 years,
the businesses merged to form what is now the Essentia Duluth Campus. As a result, the campus space is
an amalgamation of buildings with individual entrances and parking lots connected by skywalks. The result
is a convoluted campus layout that never would have been designed this way. The available space in St.
Mary’s buildings and the surroundings buildings is limited and unoccupied property is currently used for
parking. 181
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Capital
Director of Maintenance John T. Rice points out that up front construction capital is the largest barrier to
investing in CHP, even though the efficiency improvements would ultimately save money. As Mr. Rice
explained, CHP should be “no brainer” for St. Mary’s. He continued “[i]f we look at life cycle costs, it would
be an attractive project but the initial capital costs are the most expensive which can be a barrier.” The
high initial capital costs involved in CHP were also a barrier because of competing priorities. St. Mary’s
Medical Center was investing in several technology upgrades at the same time CHP was being considered.
For example, the electronic medical record system was a very big investment in materials, training and
personnel for the organization. For a time, “all available capital was being devoted to IT and adding more
buildings and CHP was put on the backburner.”182
Working with local utilities
According to Rice, in the last decade Minnesota Power told St. Mary’s that if the medical center were ever
interested in investing in cogeneration, they would be glad to partner with them. Mr. Rice thinks that
Minnesota Power is more interested in keeping St. Mary’s as a customer and partnering with cogeneration
would be one means of staying involved. However, no serious discussions ever occurred. If St. Mary’s
ever did continue to move forward with cogeneration, they would likely seek out Duluth Energy Systems
and Minnesota Power as partners. Rice believes these relationships would be beneficial, but they could
also act as a barrier to slow down the conversion process.183

Future Opportunities
While CHP is not currently being considered, it is possible that the option will be put on the table again in
the future. St. Mary’s is considering expansion and if the medical center moves some facilities or
undergoes expansion CHP will inevitably come up.
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University of Minnesota Duluth
University of Minnesota’s Duluth (UMD) Campus, serving a total of 10,878 students, overlooks Lake
Superior in northeastern Minnesota. UMD consistently ranks among the top Midwestern regional
Universities in rankings published by U.S News and Report. 184 UMD’s Office of Sustainability coordinates
events, activities and efforts across campus, shares information, and tracks information related to energy
use, carbon emissions, and waste production in order to promote and evaluate sustainability on the UMD
campus.185

“The Office of Sustainability and the UMD Campus are committed to communicating,
educating and inspiring action to integrate sustainability into all aspects of campus life”
-Office of Sustainability Mission Statement

The Opportunity for CHP
In 2011, UMD published its Energy Action Plan (EAP) which outlined specific goals and actions that the
campus would take to reduce greenhouse gas emissions. The EAP outlines specific targets that UMD will
work towards achieving including:



A 15% reduction in greenhouse gas emissions by 2020
Complete carbon neutrality by 2050186

UMD’s central heating plant is responsible for about 32% of the campus’ total carbon emissions. The
central heating plant primarily burns natural gas. Prior to 2005 the plant also burned Fuel Oils # 2 and #6
but the campus curtailed this practice in 2005, and plans to avoid using fuel oil in the future, in order to
prevent an increase in greenhouse gas emissions.187 In 2011 UMD contracted for distribution system
studies for the campus steam plant in order to identify and prioritize recommendations for improving the
emissions profile of the plant and its distribution system. The studies also provided recommendations
regarding the opportunity for CHP on campus.188
The Full Steam Study conducted by Stanly Consultants in 2011 for UMD’s central heating plant considered
the feasibility and cost effectiveness of installing a small steam microturbine CHP system. The system
would produce between 50 and 275 kW of electricity for use on the UMD campus. The study considered
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options for replacing an existing pressure reduction station with a steam microturbine either in the
heating plant or in one of the other larger buildings on campus.189

Barriers
Ultimately the feasibility study concluded that although installing the CHP system on campus was
technically feasible, “the combination of low electrical rates from Minnesota Power (MP), additional
electrical standby service riders required by MP if such a system were installed and the low cost of steam
generation”190 did not make the project cost-effective. As a result investing in a steam micro-turbine
system was not seen as an attractive option for UMD.
While CHP was not recommended for UMD with existing standby rates and gas prices, Stanly Consultants
also pointed out that further consideration of cogeneration opportunities may become warranted in the
future if:





Electrical supply agreements can be re-negotiated
Green technology incentives/grants become available
Larger additional coincident steam and electrical loads become necessary to serve future campus
growth191
The prices of natural gas and grid-supplied electricity increases192
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High potential CHP projects in the Duluth area
Western Lake Superior Sanitary District (WLSSD)
Western Lake Superior Sanitary District (WLSSD) provides wastewater and solid waste services and
oversight to communities throughout Northeast Minnesota.193 Unlike many wastewater treatment
facilities, WLSSD isn’t associated with a specific city or county but is rather a regional utility managed by
a nine member board. WLSSD is a special political subdivision which covers 17 different communities194
spread out over 530 square miles195 including four major industrial customers196 and the cities of Duluth,
Cloquet, Hermantown, Proctor, Carlton, Scanlon, Thomson and Wrenshall as well as nine surrounding
townships. WLSSD’s wastewater treatment plant located in Duluth treats 40 million gallons of wastewater
daily. Approximately half of the wastewater treated by WLSSD comes from local industries while the
other comes from homes and businesses.197

“To Plan and Provide for the Effective and Economical Collecting and Treatment of
Wastewater and to Ensure Responsible Solid Waste Management through Effective Planning,
Oversight, Education and Customer Services…. thereby protecting the St. Louis River basin
and Lake Superior.”
-WLSSD Mission

The Opportunity for CHP
In 2000-2001 WLSSD invested in four, 1 million gallon digesters for treating the solid material remaining
following the treatment of wastewater. The digester processes this material into a high quality soil
supplement product that is applied to agricultural and mine lands and also produces a methane-based
biogas which is collected and used for heat. While this system is extremely efficient year round, the district
cannot fully utilize the biogas produced during the warm summer months resulting in this valuable
commodity being flared four months of the year. In order to utilize all of the biogas produced by the
facility, WLSSD has proposed installing generators to convert the gas produced during digestion into
electricity. At the current level of gas production WLSSD would be able to produce about 35% of its own
electricity.198
WLSSD recently evaluated their system for the facility’s long-term energy plan and identified several
additional opportunities that would increase WLSSD’s ability to invest in a CHP system.
193
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Integrating Additional Waste Products into the System:
WLSSD is currently only utilizing half of the digester capacity. WLSSD also has a food waste composting
program and recently evaluated the additional gas-production potential if food waste were integrated
into the digesters.199
Infrastructure Updates
Biogas is used by WLSSD in boilers to produce process and facility heat. In 2015, WLSSD replaced old steam
boilers that were at the end of their useful life with nine modern modular boilers as well as a biogas
conditioning facility.200 The new boilers can use biogas or natural gas to produce hot water heat. This,
along with other upgrades, will increase WLSSD’s energy efficiency. 201
By building upon the improvements in the plant heating system, taking advantage of the additional
capacity available in the digesters for direct introduction of agricultural waste such as food scraps and
fats, oils and grease, and installing engine generators to convert this biogas into electricity WLSSD could
become energy self-sufficient. WLSSD would be able to fully utilize all of the heat and electricity produced
by the CHP system. Currently, WLSSD purchases $3 million in electricity annually.202 It is estimated that
the annual savings associated with installing engine generators at the current rate of biogas production
would save about $750,000 in purchased electricity. With the added incorporation of agricultural waste
into the digester to increase biogas production the WLSSD could eliminate the need to purchase electricity
for use at the waste treatment plant.203

Barriers:
Finances
The largest barrier to implementing this project is funding. WLSSD has submitted a bonding proposal that
is under consideration at the Minnesota Legislature to help fund 35% of the cost for installation of engine
generators and other efficiency upgrades.204 While the Senate bonding bills included $8.1 million205 for
this project the House bill did not. Unfortunately, the Legislature adjourned sine die in May 2016 without
passing a bonding bill. Partial state funding for this project will not move forward in 2016 unless the
Governor calls a Special Legislative Session and the House and Senate agree on a final bill that includes
funding for WLSSD’s CHP project.
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Standby Rates

When WLSSD installs a CHP system, the organization will initially produce about 35% of the electricity
needed to operate the wastewater treatment plant.206 WLSSD’s influent, or incoming waste, also varies
based on industrial operations which can cause variability in gas production and fluctuating electricity
needs.207 This also may lead to varying levels of electrical generation. For these reasons, there will still be
the need to purchase a portion of the facility’s electrical needs. This will require a standby power
agreement with Minnesota Power. The current standby rates and procedures are currently under review
by the Minnesota Public Utilities Commission. It is difficult to determine the impact of standby rates on
overall electrical savings until they are approved.
Standby rate uncertainty was cited by WLSSD as a barrier that could derail its investment in CHP. WLSSD
noted this concern in comments for the DOC’s stakeholder process identifying barriers to CHP deployment
in Minnesota.208 WLSSD has discussed their plans with Minnesota Power, their local electric utility, which
is in the process of revising its standby tariff. As mentioned above, the Minnesota Public Utilities
Commission recently required all investor-owned utilities, including Minnesota Power, to file new standby
tariffs, and the DOC has targeted wastewater treatment plants as a priority for CHP development.209
According to WLSSD Executive Director Marianne Bohren, this is new regulatory territory for utilities in
terms of having entities on the grid producing their own power; she is hopeful that they can move forward
with Minnesota Power’s support.210
Environmental Regulations
WLSSD recently updated the air permit to encompass both generators operating at 100%.211

206

If WLSSD is able to invest in additional upgrades beyond CHP such as replacing steam boilers with hot water
boilers and improving the facility’s ability to process additional biomass waste products then the facility may be
able to become entirely energy self-sufficient producing 100% of the facility’s energy needs in-house.
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Duluth Energy Systems
Duluth Energy Systems, a city-owned heating and cooling system operated and managed by Ever-Green
Energy212, provides thermal energy to 165 buildings in Canal Park and the central business district of
Downtown Duluth. The current district energy system is currently 83 years old and the city of Duluth is
hoping to renovate and modernize the steam system in 2017 while Superior Street and local utility
infrastructure are undergoing renovation.213 214

“We take 90 million gallons of water from Lake Superior in a year, treat it, heat it to 365 degrees
and then we send it one way through pipes until it literally runs out of steam… When it runs out
of steam, it’s actually really hot water. We then treat that and we send it back into Lake Superior
and start all over again with 40 degree water.”
-Jodi Slick, CEO Ecolibrium3

The Opportunity for CHP
The Duluth Energy Systems Conversion from Steam to Hot Water
The City of Duluth’s plan is to upgrade a major section of this aging and inefficient steam district energy
system to a hot water system in 2017. The eventual conversion of the entire distribution system from
steam to hot water is expected to increase system efficiency by approximately 40%.215 There is currently
an opportunity to conduct a major portion of this conversion at a reduced cost by scheduling it to coincide
with scheduled street and utility renovations on Superior Street in the central business district. 216 The
city has a pending bonding proposal in the Minnesota Legislature, for $21 Million for the infrastructure
project. 217 218 If Duluth Energy Systems is able to move forward with its conversion from steam to hot
water, this would result in a hot water system meeting 30% of the system’s load, along the north side of
the freeway on a mile-long stretch along Lake Superior. 219
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“The steam district heating system has faithfully served Duluth since Herbert Hoover’s
presidency. While the system remains reliable and robust, today’s efficiency and sustainability
standards cannot be met with 1930’s technology. Today’s modern hot water district heating
systems are yesterday’s steam systems as modern hybrid cars are to Henry Ford’s Model A.”
–Jim Green, Manager Duluth Energy Systems

Incorporation of Biomass into the Energy Mix
In conjunction with the hot water project, Duluth Energy Systems is planning to convert to biomass to
offset coal consumption.220 The company will install equipment to allow locally derived woody biomass
(wood chips) from waste wood such as logging slash to be included into the energy mix.221 After this
conversion about 25% of the system’s fuel requirements would be met with locally derived woody
biomass.222 Even if funding is not approved for the conversion from steam to hot water, it is likely that
Duluth Energy Systems would attempt to move forward with a small biomass system.223
Minnesota Power’s Incorporation of More Renewable Fuels into the Energy Mix
Often investment in CHP is triggered by a catalyzing event. Besides the synergy with the city’s street
infrastructure renovations, another key factor will be significant to the project’s success. According to
Duluth Energy System’s General Manger Jim Green, this event in Duluth was Minnesota Power’s decision
to transition some of their generation from coal to natural gas and renewables. Minnesota Power’s most
economic plan will likely involve taking advantage of pre-existing assets and infrastructure.
Ken Smith suggests this is the ideal time “to identify opportunities for other types of investments in other
forms of energy generation. The opportunity for CHP comes up when you begin to install new generation.
If you are going to install new forms of generation, why not invest in generation near the city in areas
where the thermal load produced can be re-integrated into the system.”224
An Ideal Location
There is an ideal partner for the updated Duluth Energy Systems operation, an old industrial building that
has opened up in Duluth on the waterfront. The old Georgia Pacific Plant, located to the west of Duluth
Energy Systems’ current location, was recently bought by an entrepreneur who is interested in bringing a
new business to the site. The location is ideal for several reasons:
220
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It’s located within a multi-modal transportation hub-- on Lake Superior for water transport, and
also very close to the railroad and the freeway.



It is directly across the freeway from a Minnesota Power substation.



Use of this location would improve Duluth Energy Systems’ ability to incorporate biomass into its
fuel mix. Prior to closing down during the great recession, Georgia Pacific used the location to
produce “super-wood.” The building already has all the biomass handling and processing facilities
on site which would facilitate the use of biomass as a fuel source. In addition, at Duluth Energy
System’s current location in Duluth, there is not sufficient space to store the quantity of biomass
that would be needed to offset coal as a fuel source. The Georgia Pacific site would provide more
space and flexibility to incorporate more biomass into the fuel mix.



The location has significantly more space compared to Duluth Energy System’s current facility. It
has sufficient space to install a cogeneration facility that is at least the size of the St. Paul district
energy system in the Twin Cities.225 226



Duluth Energy System’s current location is very close to Canal Park, the city’s tourist district, and
could be repurposed to better service the city’s growing tourism industry. From a public planning
perspective, this is a great opportunity to move the generation of thermal energy outside of Canal
Park to a location that is better suited for that use. 227

Duluth Energy Systems envisions the ideal scenario for CHP at the Georgia Pacific site to be a thermal
energy user or tenant in the building to utilize the heat resource produced. In 2015 an investor was
interested in constructing a biochemical plant in the area which would require steam. Unfortunately, the
investors went to another state but the opportunity remains.228
Torrefaction
Another factor that would help to facilitate the adoption of CHP for Duluth Energy Systems is the
commercial development of torrefaction technology.229 The University of Minnesota Duluth’s Natural
Resources Research Institute (NRRI) is currently working on a project to produce torrefied pellets.230
Torrefied material is produced from woody biomass but has many of the same properties as coal which
makes it more compatible with Duluth Energy System’s current boilers231. Duluth Energy Systems had
initially planned on using sawdust as a biomass source, but it turned out not to be compatible with Duluth
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Energy System’s boilers. If torrefied material was available at an affordable price, it would be possible to
convert the plant to biomass without needing to invest in expensive changes to the facility. 232
Duluth Steam pays $2.50 per million Btu for coal and about $4 per million Btu for natural gas. While natural
gas is more expensive, burning it requires running less of the plant machinery so the overall costs of
burning coal and natural gas turn out to be fairly similar. Wood pellets currently cost about three times
the cost of coal, in part because many of the pellets are produced elsewhere and would need to be
transported to the site. Locally produced biomass such as torrefied wood material would provide an
excellent pathway for Duluth Energy Systems to convert to biomass. In addition, because the plant is older
and produces more CO2 compared to some more efficient plants, it would be also offset coal usage and
related carbon emissions.233
A Healthy Logging Sector
Ever-Green Energy does not advocate for cutting down whole trees for fuel. However, if the region’s
logging industry is healthy enough it would provide sufficient logging slash and waste wood to provide a
carbon neutral source of biomass.234 In this way, projects that would support the logging sector would
also support the adoption of biomass-fueled projects.235

Barriers
Negotiations with local utilities
According to Jim Green of Duluth Energy Systems, a significant barrier to deploying combined heat and
power is working through the variety of technical and regulatory hurdles to add a new source of power
generation to the grid, regardless of the interest level of the local electric utility. Overcoming these
barriers will require the involvement of a variety of state agencies including Commerce (DOC) and MPCA.
One factor in favor for the utility is that producing energy through biomass cogeneration would provide
Minnesota Power another renewable source of energy to add to their portfolio.236
Costs of Biomass vs. Natural Gas
For communities and organizations interested in investing in biomass energy systems, one of the greatest
barriers to the use of biomass for energy production is the low cost of conventional fuels, such as coal,
natural gas, and propane.237 In Minnesota, biomass projects tend to look very attractive when the costs
of coal, natural gas, and propane are high but lose support when market conditions change.238 With
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natural gas prices now at historic lows, biomass is currently more expensive. However, biomass prices are
more stable.239 Proponents of biomass argue that converting to biomass will provide a resilient hedge if
the costs of coal, petroleum, and natural gas fluctuate or increase at historic rates.240

“Not all renewables are created equal”
-Ken Smith, President and CEO, Evergreen Energy

Ken Smith points out that Minnesota Power has tried to expand the use of biomass generated power but
has run into difficulties due to the cost of biomass power compared to the cost of other renewables such
as wind. Smith says that when comparing sources of renewable energy, the benefits of wind, for example,
seem much greater if you are only analyzing the price of electricity generated at the source, and not
recognizing the total cost of the energy source. Power generated great distances from load centers in
communities requires transmission to deliver it to where it is needed.
Smith maintains that it is beneficial to the grid to incorporate a mixture of different sources of energy.
Power generated by variable sources also requires other generation sources to support the stability and
reliability of the grid, but biomass energy is dispatchable as needed. This kind of comparison of
alternatives also does not recognize the benefits of generating power near a central business district
where the thermal energy can also be used.241 242 As Smith points out, “It’s not an apples-to-apples
comparison but that’s what is happening.”243
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Conclusions for Duluth
Duluth stakeholders asked the Energy Transition Lab to identify the barriers, opportunities, and solutions
for CHP in Duluth and our region. This report has summarized those and provided some specific examples
of projects in other parts of the state that have been successful—despite the barriers. We show in the
chart below how the two successful CHP projects, St. Paul Cogeneration and the University of MinnesotaTwin Cities compare with the two Duluth case study projects that did not go forward.

Figure 8. CHP Projects-Comparing Barriers & Opportunities
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While the University of Minnesota-Duluth project and St. Mary’s project had some advantages, it is clear
from the list above that the CHP projects that moved forward had a long list of “opportunity” attributes
that helped the project succeed. The two new CHP projects in Duluth and the surrounding region
currently under consideration, Duluth Energy Systems and WLSSD, have almost all of the positive assets
listed above:

Figure 9. High-Potential CHP Projects in Duluth Region
Opportunities/Assets
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Both projects are depending upon supportive legislation to help them move forward. WLSSD needs a
direct bonding appropriation. The city of Duluth needs state bonding to complete the major street and
utility infrastructure that will help to make the Duluth Energy Systems upgrades more cost-effective.
However, the majority of CHP plants in Minnesota were built without state funding (see map, figure 7
page 27) so that should not be taken as a prerequisite for success.
In conclusion, identifying opportunities and overcoming barriers to CHP will require potential projects to
“stack” a multitude of attributes that are able to overcome obstacles. There is not one “silver bullet” but
rather “silver buckshot.” In addition, much work remains to remove barriers and reform laws and policies
if Minnesota wants to accelerate deployment of CHP projects.
Looking to the Future
For those interested in exploring CHP potential in their communities, there are useful resources and ways
to help advance CHP in Minnesota. See Appendix 1 for a screening tool checklist and other technical
assistance. The DOC CHP website is another key resource that is frequently updated. The DOC’s effort
to support the broader deployment of CHP is ongoing and Duluth stakeholders should be an active part
of those activities. Energy customers, cities, and other interested in CHP should follow and if possible,
participate in the DOC’s CHP stakeholder process and updates, and in the relevant PUC dockets related to
standby rates and other key issues discussed above.
The city of Duluth could consider undertaking “thermal” mapping with an overlay of economic
development and building owner information. As discussed above (page 27-28), this would be a valuable
way for any city to analyze its CHP potential.
The recently-released EQB state project called Climate Solutions and Economic Opportunities (CSEO)
analyzed a number of policy options to evaluate their effectiveness both in meeting Minnesota’s carbon
reduction goals and in creating positive economic impact. The analysis shows that increasing combined
heat and power in Minnesota would cut 10% of the greenhouse gas emissions needed to meet the state’s
2030 goal, save money, and create 2,330 jobs.244 These policy options may be considered in the 2017
Legislative Session. Cities, campus energy managers, and CHP proponents can provide input to Legislators
to help craft laws that better support the development of highly efficient energy systems like combined
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heat and power. Overcoming these obstacles will help move Minnesota forward towards modern,
integrated, and highly efficient energy systems that advance our state’s policy goals.

Appendix
Appendix A: Checklist for Evaluating Potential CHP Projects
The U.S. Department of Energy CHP Technical Assistance Partnerships provides an excellent resource.245
Their screening tool includes this checklist:












Do you pay more than $.06/kWh on average for electricity (including generation, transmission
and distribution)?
Are you concerned about the impact of current or future energy costs on your business?
Are you concerned about power reliability? Is there a substantial financial impact to your
business if the power goes out for 1 hour? For 5 minutes?
Does your facility operate for more than 3000 hours per year?
Do you have thermal loads throughout the year (including steam, hot water, chilled water, hot
air, etc.)?
Does your facility have an existing central plant?
Do you expect to replace, upgrade, or retrofit central plant equipment within the next 3-5
years?
Do you anticipate a facility expansion or new construction project within the next 3-5 years?
Have you already implemented energy efficiency measures and still have high energy costs?
Are you interested in reducing your facility's impact on the environment?
Do you have access to on-site or nearby biomass resources (i.e. landfill gas, farm manure, food
processing waste, etc.?

The Technical Assistance Partnership advises that if your proposed project can answer yes to three or
more of the questions, it may be a good candidate for CHP, and the U.S. DOE Midwest CHP Technical
Assistance Partnership can offer a free site screening and technical assistance for evaluating feasibility of
CHP at your site.246
Another important factor to consider is the need for resilient, reliable power in emergency situations.
For critical infrastructure like hospitals, water treatment plants, and community centers, self-generation
with the ability to “island” and provide power and heat when there is a grid failure can offer security and
safety.
An older report, but still providing useful guidance, was published by Minnesota Planning. It lists several
factors that are important in ensuring cogeneration will be cost effective:247
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1) Size of thermal and power loads. The size of the load will dictate the type of technology that
can be used. Remember, it is most cost effective to supply electric capacity at less than your peak
demand so that your system is able to operate as much as possible at full capacity. Of course, if
you are able to sell back to the grid at sufficient price, you can plan your capacity to exceed or
meet your peak demand because the system will still be able to function at full capacity even if
your facility does not need all of the electricity produced.
2) Thermal and Electric load factors. Equivalent Full Load Hours (EFLH) is the ratio of annual energy
compared to the peak demand times 8760 (the number of hours in a year); high electric and
thermal EFLH increases the feasibility of cogeneration.
3) Relatively high cost electric power resources. If other power resources (i.e., fossil fuels) are
expensive, it will make alternative resources, including renewables, more cost competitive.
4) Cost-effective back up electric supply. Sometimes cogeneration may not meet all of your
electric supply needs. It is important to have a cost-effective back up just in case.
5) Planned new construction or upgrades. It is best to plan cogeneration projects for new
construction sites or sites in need of upgrades. These technologies are easier to incorporate with
newer facilities that are likely to be more reliable and require less maintenance.
6) Relatively high-value market for excess power generation. If excess power can be sold at a
sufficient price, it becomes more economical. [This section also references the federal Investment
Tax Credit (ITC) and Production Tax Credits (PTC)]248
7) Opportunity to re-dedicate cost of replacing existing thermal resources to the cost of a new
cogeneration project. If the avoided costs for upgrades or replacements can be put back into the
cogeneration project, the project becomes more cost effective.
8) Available and affordable fuel supply. If there is an opportunity to use lower-cost, easily
accessible fuels with cogeneration as compared to current fuels used for thermal production,
cogeneration presents an option to avoid higher costs.

248

See Energy Manger Today, IECA Urges Congress to Extend CHP Business Investment Tax Credit, (March 28,
2016): http://www.energymanagertoday.com/ieca-urges-congress-to-extend-chp-business-investment-tax-credit0122651/
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Glossary of Key Terms
Topping Cycle CHP:

This is the most common type of cogeneration. Fuel is used to generate
electricity or mechanical energy and a portion of the waste heat from power
generation is then used to provide thermal energy.249

Bottom Cycle CHP:

During this process, waste heat from an existing process is used to produce
electricity.250

Standby Charges:

“Standby rates are charged by utilities to customers with on-site, nonemergency generation (including CHP) for the service of providing backup
power when on-site generation is not available. Net metering is a policy that
allows customers with on-site generation to receive a bill credit for unused
electricity exported to the grid during times when their generation exceeds their
on-site consumption”.251

Forced Outage Rate:

A measure of the probability that a generating unit will not be available due to
forced outages. 252

Reservation Charge:

A monthly charge per kW of the customer’s needed standby capacity, which
cannot be avoided when standby is not taken. It ensures that standby service
will be available when needed by the customer during unscheduled and
scheduled outages.253

249

Center for Climate and Energy Solutions: http://www.c2es.org/technology/factsheet/CogenerationCHP
Ibid
251
DOC Final Action Plan at 6
252
IEEE: http://www.nerc.com/docs/pc/gadstf/ieee762tf/762-2006.pdf
253
Energy Resources Center, University of Illinois at Chicago Analysis of Standby Rates and Net Metering Policy
Effects on Combined Heat and Power (CHP) Opportunities in Minnesota, (April 2014), 10; accessible at
http://mn.gov/commerce-stat/pdfs/card-report-anal-standby-rates-net-metering.pdf
250
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