
FN:Renewable_Nations_UN_Proposal_17May2019_Final.pdf                                                                                                                 Page 1 

International Center for Work-Learning-Service  
& Leadership in Sustainability 

A proposal for social and institutional innovation in the formal and informal education sectors  

as an agent of behavioral change consistent with adapting to and limiting global warming  

to 1.5°C above pre-industrial levels by 2045 to 2055.  

Submitted to: 

Ambassador Luis Alfonso de Alba 

Special Envoy for the 2019 Climate Summit 

C/O: Yassamin Ansari  
Climate Action Summit Team  

Executive Office of the Secretary-General 

United Nations, New York  

Submitted by: 

Allan E. Baer, President 

The Renewable Nations Institute 

39 Beacon Hill, Chelsea, Vermont USA 05038 

abaer@solarquest.us / 802.279.7250 

17 MAY 2019 

PRELIMINARY SUBMISSION  

TO BE FOLLOWED BY FULL PROPOSAL ON/OR BEFORE SEPTEMBER 2019 

“The lack of education and information on climate change, and various CO2 and related global GHG emissions reduction 
strategies, are likely to impede the acceleration of wide-scale behavior changes consistent with adapting to and limiting 
global warming to 1.5°C above pre-industrial levels by 2045 to 2055 (the interquartile range) to avoid irreversible, 
catastrophic impacts of global warming.” (IPCC, 2019) 



FN:Renewable_Nations_UN_Proposal_17May2019_Final.pdf                                                                                                                 Page 2 

TABLE OF CONTENTS.!

Foreword 3 

Executive Summary 4 

Section 1. The Concept 5 Section 3. Center Programs 19!

1.1. Problem Statement 6 3.1. The Green Earth Corps (Service Learning) 19-23 

1.2. Public Knowledge of Climate Change 6-7 3.2. Sustainable Energy Project Incubator 24-27 

1.3. Educating the Public 7 

1.4. Human Capacity Building 8 Section 4. Outreach & Enrollment 28 

1.5. U.S. Supply-Side Energy Workforce 9-10 4.1. U.S. University Outreach 28 

1.6. U.S. Demand-Side Energy Workforce 10 4.2. Higher Education Sustainability Initiative 28 

1.7. Minorities in Energy Services 11 4.3. Social Media Campaign 29-31 

Section 2. Proof-of Concept Research 12 Section 5. Institute Background 32 

2.1. Project ERGAL 12-15 

2.2. National Science Foundation Grant Awards 15-16 

2.3. Industrial Assessment Centers (IACs) 17-18 



FN:Renewable_Nations_UN_Proposal_17May2019_Final.pdf                                                                                                                 Page 3 

FOREWORD!

17 May 2019 

The Honorable Luis Alfonso de Alba: 

It is an honor and a privilege to submit this proposal for consideration by the 2019 Climate Action Summit Team. 

Since 1998, the principals of the Renewable Nations Institute have designed, implemented and/or operated an array of 
Service-Learning and Work-Learning-Service research projects in collaboration with the White House, the United Nations 
Nations Development Programme (UNDP) and the U.S. based National Science Foundation (NSF) designed to address 
“Education for Sustainability” as a cornerstone for achieving Sustainable Development Goal (SDG) 13, Climate Action. 

These research projects have engaged up to 450 to 1,000 students each year from hundreds of school districts from over 30 
U.S. states and 52 nations in peer reviewed research programs with one focused outcome: to demonstrate the efficacy of 
emerging youth leaders in formal and informal Service-Learning and Work-Learning-Service environments to educate and 
motivate stakeholders in their communities to take urgent action to combat climate change and its impacts.  

Proven outcomes and measurable impacts by the Institute and its many multi-sector collaborators to reduce carbon emissions 
over decades of research reflects the real and bold vision that millions of emerging young leaders can influence energy 
consumers to make dramatic reductions of carbon dioxide (CO2) and related greenhouse gas (GHG) emissions in their 
homes, schools, businesses and public facilities. 

This proposal articulates a plan to achieve this bold, transformational vision for social and institutional innovation in the 
formal and informal education sectors at-scale to make rapid progress toward accelerating wide-scale behavior changes 
consistent with adapting to and limiting global warming to 1.5°C above pre-industrial levels by 2045 to 2055. 

Respectfully, 

Allan E. Baer, President 
The Renewable Nations Institute 
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EXECUTIVE SUMMARY 

The Renewable Nations Institute (hereinafter, the “Institute”) is a U.S. based, a tax-exempt, non-profit 501 (c) (3) corporation 
(State of Vermont Business I.D. Number 0077088). The Institute was incorporated on 18 November 2005. The Institute 
proposes to develop the International Center for Work-Learning-Service & Leadership in Sustainability (hereinafter, the 
“Center”) to coordinate an international scale-up of two research proven youth-centered programs under SDG 4, SDG 7, 
SDG 13 and SDG 17: 

(1)  Green Earth Corps (GEC): The GEC is a project-based Service-Learning initiative designed to support public 
education and dissemination of information on the SDGs as a means to improve public acceptability of climate-
resilient development pathways, and to support consumer-driven actionable CO2 and GHG emissions mitigation 
strategies in their communities. Each year from 2006-2018, more than 450 to 1,000 students from hundreds of school 
districts from 7 U.S. states and 52 nations participated in peer reviewed GEC research projects developed, designed 
and/or operated by the Institute and/or its collaborating research-based universities with funding from the U.S. based 
National Science Foundation (NSF).  

 The unique social innovation of this Service-Learning initiative is its framework of measureable intergenerational 
accountability. The foundational research conducted by the Institute and its university-based collaborators 
demonstrates the capacity of the GEC Service-Learning initiative to empower youth to hold the general public 
accountable for (a) improving their attitudes, knowledge, beliefs and intentions toward climate change, and (b) holding 
energy consumers accountable for specific data-driven actionable solutions to global warming as demonstrated by 
measuring, monitoring and verification of the potential to reduce wasteful energy consumption and related CO2 and 
GHG emissions from standby power and inefficient functioning appliances.   

(ii)    Sustainable Energy Project Incubator: The Sustainable Energy Project Incubator is a residential Work-Learning-
Service internship program designed to accelerate the rate at which the global higher education sector can collectively 
build human capacity at-scale in the energy services workforce to achieve near zero CO2 and associated GHGs 
emissions by 2045 to 2050. The program is modeled after the U.S. Department of Energy (DOE) Industrial Assessment 
Centers (IACs) Program. The IACs, with direct grants of $9 million annually, have generated ~$900 million investment 
in energy services, ~$39.2 billion cumulative avoided energy cost savings and ~16.5 million MMT CO2 emissions over 
the past 33 years of program operation. 

 The unique institutional innovation of the Sustainable Energy Project Incubator is twofold: (a) the Work-Learning-
Service internship program provides a model of structural reform in the higher education sector in which academia and 
industry are more effectively integrated, thereby allowing students to participate in the energy services workforce at the 
early stages of their academic career; and (b) student and faculty work products—commercial investment-grade energy 
efficiency and renewable energy project proposals—implemented under an energy services contact (ESCO) model 
provide a self-generating program revenue to offset the cost of education for students, thereby eliminating the principal 
institutional barrier in the higher education sector to build the requisite human capacity at-scale in the energy services 
workforce.  

These research-proven social and institutional innovations developed by the Institute and/or its multi-sector collaborators 
reflect the real and bold vision that millions of emerging young leaders can influence energy consumers and industry clients 
to make dramatic reductions of carbon dioxide (CO2) and related greenhouse gas (GHG) emissions in their homes, schools, 
businesses and public facilities. 

The Institute proposes to showcase the proposed Center, the Green Earth Corps and the Sustainable Energy Project Incubator 
at the 2019 Climate Summit and related side-event(s) in a panel discussion format with multi-sector stakeholders of the 
Institute. Collateral materials will be available for prospective youth participants and institutional collaborators. 
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SECTION 1. THE CONCEPT 

The chart below published by the Intergovernmental Panel on Climate Change (IPCC) illustrates the potential positive effects 
(synergies) or negative effects (trade-offs) of sectoral mitigation options associated with the Sustainable Development Goals 
(SDGs) on SDG 13, Climate Action. The Institute argues that the IPCC underrates the synergies of SDG 4, Quality 
Education, on SDG 13.  

Quality education is the key to achieving broad based public acceptability of climate-resilient development pathways, and the 
key to building human capacity at-scale in the energy services workforce to achieve near zero CO2 and associated GHGs 
emissions by 2045 to 2050 (the interquartile range) in order to avoid irreversible, catastrophic impacts of global warming.  

The Institute proposes to develop the International Center for Work-Learning-Service & Leadership in Sustainability to 
coordinate an international scale-up of proven social and institutional innovations under SDG 4, Quality Education, to 
accelerate positive effects on SDG 13, Climate Action. 

        Figure 1.1: Indicative linkages between mitigation options and sustainable development using the SDGs   

   Source: IPCC, 2019 	
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1.1.  Problem Statement. 

In January 2019, the Intergovernmental Panel on Climate Change (IPCC) released a revised Special Report, Global 
warming of 1.5°C, urgently calling upon all nations to achieve near zero carbon dioxide (CO2) and related global 
greenhouse gas (GHG) emissions by 2045 to 2055 (the interquartile range) to avoid irreversible, catastrophic impacts 
of global warming (IPCC, 2019). 

The Report emphasizes that, while there are multiple pathways likely to limit warming, all pathways identified require 
strategies that pose significant social and institutional challenges. These challenges as identified in the IPCC Report 
are: (i) securing public acceptability of climate-resilient development pathways, and (ii) building the requisite human 
capacity at-scale in the energy services workforce to achieve near zero CO2 and GHG emissions within the 
interquartile range.  

Securing public acceptability of climate-resilient development pathways depends upon public access to reliable 
knowledge of various proposed emissions mitigation policies. Building the requisite human capacity at-scale in the 
energy services sector requires multi-stakeholder institutional collaboration in order to prepare a workforce with the 
capacity to maintain legacy energy systems while managing the transition to clean energy technologies in an industry 
undergoing disruptive market transformation.   

The IPCC Report concludes, among other critical findings, that public knowledge of climate change and its impacts 
(education and information) at all levels of society are required to overcome these challenges in order to accelerate 
wide-scale behavior changes consistent with adapting to and limiting global warming of 1.5°C above pre-industrial 
levels (IPCC, 2019).  

1.2.  Public Knowledge of Climate Change. 

 The Human Development Report (2007/2008), International Public Opinion, Perception and Understanding of 
Global Climate Change, published by the United Nations Development Programme (UNDP), and American Teens’ 
Knowledge of Climate Change, published by the Yale Project on Climate Change Communication (2011), are two 
authoritative studies that provide a comprehensive global assessment of public knowledge of climate science and 
proposed emissions mitigation policies.   

These studies provide a global assessment of the attitudes, knowledge, beliefs and intentions of youth and adults 
toward climate change, including their understanding about how the climate system works, their comprehension of the 
causes, impacts and potential solutions to global warming, and their concern over the  benefits and risks of proposed 
emissions mitigation policies.  

Although public awareness and support for significant action to deal with global warming appears to be gaining 
momentum worldwide, the UNDP and Yale studies concluded that global public opinion and the potential for rapid 
behavioral change to dramatically reduce global greenhouse gas emissions at a rate fast enough to forestall 
irreversible climate disruption remains unknown.  

The most recent project conducted by the Yale Project on Climate Change Communication, Climate Change in the 
American Mind: Data, Tools and Trends, validates this conclusion (Yale, 2019). The study consists of 17 surveys 
conducted between 2008 and 2017 with a total of 20,024 American adults aged 18 years and older. The data include 
responses to 16 questions on global warming beliefs, risk perceptions, policy preferences, and information acquisition 
and sharing behaviors, along with demographic and other related questions.  

The results remain relatively consistent with the American Teens’ Knowledge of Climate Change report released in 
2011, as shown in Figure 1.2: Grading Teens’ and Adults’ Knowledge of Climate Change, below. 
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1.1. !Using a straight grading scale, the American Teens’ Knowledge of Climate Change reported that 25% of teens 
received a passing grade (A, B, or C), compared to 30% of American adults. While knowledge levels vary, these 
results also indicate that relatively few teens and adults (1% and 2%, respectively) have an in-depth understanding of 
climate change; 54% of teens received a failing grade (F), compared to 46% of adults. In general, American teens 
know about the same or less than American adults about how the climate system works and the causes, consequences, 
and solutions of climate change. The UNDP 2008 study and subsequent surveys by Yale Project on Climate Change 
Communication produced remarkably similar results.  

 Despite the critical need for changes in climate change-related consumer behavior around the world, the general 
public knows little about the issue, less about what they are able to do, what barriers to action they confront, or what 
factors motivate wide-scale behavioral changes (UNDP, 2008). Importantly, 70% of teens and adults say they would 
like to know more about global warming.  

1.3.  Educating the Public   

 The proposed Center will engage youth in the primary, secondary and higher education (and informal education 
sectors) worldwide in an online and community-based, Service-Learning platform—the Green Earth Corps—to 
support public education and the dissemination of information on the 17 integrated Sustainable Development Goals 
(SDGs), and on actionable CO2 and GHG emissions mitigation strategies.   

 The SDGs offer a structure for social engagement at all levels of society leading to a greater understanding of what 
constitutes equitable and actionable CO2 and GHG emissions mitigation strategies. The Green Earth Corps (GEC) 
Service-Learning platform has been proven through more than a decade of peer-reviewed research to increase public 
knowledge about the risks of global warming of 1.5°C above pre-industrial levels, and to enhance public acceptability 
of and measurable action on various proposed CO2 and GHG emissions mitigation strategies.  

 The GEC as a core Service-Learning platform of the proposed International Center for Work-Learning-Service & 
Leadership in Sustainability is described in Section 3.1, The Green Earth Corps.   

  Figure 1.2: Grading Teens’ and Adults’ Knowledge of Climate Change 

  Source: Yale Project on Climate Change Communication, 2011  
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1.4.  Human Capacity Building. 

The IPCC cites building the requisite human capacity at-scale in the energy services workforce as the primary 
institutional challenge to achieve near zero global CO2 and GHGs emissions by 2045 to 2050. This will require an 
emerging energy services workforce with the capacity to operate and maintain legacy energy systems while providing 
leadership for the transition to a global economy driven by energy efficiency and renewable energy technologies. This 
transition must assure economic prosperity and maintain social and environmental systems security in the context of 
an industry undergoing disruptive transformation characterized by convergence across multiple sectors, including 
energy, transportation and the built environment.  

The scope and complexity of the workforce challenge in the energy services sector has been the subject of numerous 
studies by the United Nations, the World Bank, the Organization of Economic Cooperation and Development 
(OECD), the Organization of American States, the U.S. Department of Energy, industry and energy trade associations, 
non-governmental organizations and research-based universities.  

For purposes of this proposal, the Institute relies principally upon studies conducted by the International Renewable 
Energy Agency (IRENA) to provide a snapshot of the global renewable energy workforce, and studies conducted by 
the U.S. Department of Energy (DOE), the American Society for Engineering Education (ASEE) and the Oak Ridge 
National Laboratory (ORNL) to underscore domestic challenges faced by energy services industries in industrialized 
and non-industrialized countries alike. These domestic challenges are not often considered as critical barriers in the 
context of global action on climate change and deserve greater consideration when assessing the merits of this 
proposal.  

The IRENA study, Renewable Energy and Jobs, Annual Review 2017, tracts employment data in the global renewable 
energy services sector, and provides estimated growth projections through 2050. The IRENA study reported global 
renewable energy sector employment at 9.8 million people in 2016, with employment in new renewables (excluding 
large hydropower) totaling 8.3 million. IRENA projects employment in new renewables to increase to 26 million by 
2050.  

China, Brazil, the United States, India, Japan and Germany are the clear leaders in the new renewables job market, 
with employment continuing to shift towards Asian countries, which together accounted for 62% of jobs in 2016, 
compared to 50% in 2013. Sub-Saharan Africa (excluding South Africa), the region with greatest need, posted total 
renewable energy employment at 150,000 jobs. Approximately 50% of the nearly 1 billion people living without 
electricity reside in Sub-Saharan Africa.    

The U.S. studies—the 2019 U.S. Energy and Employment Report, Quadrennial Energy Review, Engineering By the 
Numbers, and the Energy Management Capacity Survey—provide an in-depth assessment of workforce development 
challenges in the energy services sector that are unique to industrialized countries, but are also largely applicable 
within the fossil fuel and demand-side energy subsectors in non-industrialized countries. These challenges include: (i) 
an aging supply-side energy workforce; (ii) a declining enrollment in university-based engineering schools (especially 
electrical engineering); and (iii) an energy demand-side workforce lacking capacity for energy management. 

These international and domestic studies argue for the Work-Learning-Service mission of the Institute to accelerate 
the rate at which the U.S. education sector can collectively develop a global energy services workforce with the 
capacity to address the challenges of climate change mitigation and adaptation, while building resiliency to reduce the 
national security risks and economic disruptions emerging from increasingly frequent extreme climate-related weather 
events. See Section 3.2, Sustainable Energy Project Incubator. 
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1.5.  U.S. Supply-Side Energy Workforce. 

 The 2019 U.S. Energy and Employment Report (USEER) industry survey report indicates that ~6.7 million Americans 
(4.2% of the workforce of roughly 160 million) are employed in energy supply: ~2.0 million in electricity generation 
and fuels; ~2.4 million in transmission, distribution, and storage; and ~2.3 million in design, manufacture and 
installation of energy efficiency products and services (USEER, 2019). Key findings of the USEER are: (i) that within 
the next five years 25% of the energy services workforce will become of retirement age, increasing to 50% within the 
next ten years; and (ii) that 43% of the nation’s electric utilities have identified the aging workforce as the greatest 
challenge facing the industry.  

 Additionally, the workforce profile in energy supply sector is rapidly changing. In 2018 new renewables (solar, wind, 
bioenergy CHP, low-impact hydro and geothermal) generated only 10.1% of total U.S. electric power, but accounted 
for 53.3% of the ~783,000 jobs in the electricity generation sector, as shown in Figure 1, Employment in the Electric 
Power Generation Sector, below: 

 The Quadrennial Energy Review (QER) Task Force of the U.S. Department of Energy (DOE) projects that by 2030 
the supply-side energy sector overall will need to employ an additional ~1.5 million workers in engineering, 
construction, installation, maintenance and transportation, and ~200,000 workers with advanced computer and 
mathematics skills required to modernize the Nation’s grid infrastructure as the U.S. transitions to the greater reliance 
on new renewables for its primary energy supply (QER, 2017).  

 To adequately address this crisis, the education sector must accelerate development and expansion of an energy 
services workforce with the capacity to maintain legacy energy systems (e.g., hydropower, coal, nuclear and natural 
gas) while developing cross-disciplinary areas of expertise for energy systems transformation (e.g. energy efficiency, 
renewables, transmission, storage and distribution).  

Figure 1.3: Employment in the Electric Power Generation Sector 

 Source: USEER 2019 
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 Adding to the urgency of this crisis is the capacity gap resulting from declining enrollment in America’s university-
based engineering schools, especially electrical engineering. The American Society for Engineering Education 
(ASEE) publishes the annual survey—Engineering By the Numbers—profiling the number of students awarded 
engineering degrees in the U.S. at all academic levels and engineering specialties. ASEE published reports show that 
in 2015 electrical engineering enrollment had increased to 22,273 (well above the previous enrollment peak of 20,116 
students in 2006) after a period of decline from 2007 to 2013 (Table 1.1, Electrical Engineering Degrees Awarded 
2006-2015, below). However, enrollment in electrical engineering for 2016 (not shown in Table 1.1), has declined to 
21,516 (ASEE, 2017). The ability for universities to recruit and retain engineering students for the energy workforce 
has not substantially improved in more than a decade. 

1.6.  U.S. Demand-Side Energy Workforce. 

 Workforce development for the end-use (demand-side) commercial and industrial energy sectors is equally 
challenging. An industry survey conducted by the Oak Ridge National Laboratory (ORNL) of 60,000 general and 
operational facilities managers in the U.S. exposed the need for human capacity building in energy management. 
Survey results indicated that only 1.7% of general and operational facilities managers track energy data, set energy 
efficiency and renewable energy goals, and invest in projects; 15% sporadically track energy data but fail to set goals 
or invest; and 83% reported little to no knowledge of energy management (ORNL, 2011). The lack of capacity for 
energy management in the demand-side energy workforce is compromising U.S. economic competitiveness, energy 
security and environmental responsibility. According to the Bureau of Labor Statistics (BLS), there are ~2.2 million 
general and operational facilities managers across the industrial and commercial energy end-use sectors in the U.S. 
(BLS, 2017). An estimated 2.1 million general and operational facilities managers would benefit from a labor force 
with greater knowledge of energy management.   

Table 1.1: Electrical Engineering Degrees Awarded 2006-2015  

2006 2007 2008 2009 2010 2011 2012 2013 2014! 2015!

Bachelor  11,915 11,467 10,790 9,859 9,634 9,942 10,102 10,622 11,261! 11,385!

Masters 5,256 5,026 5,735 6,137 6,345 6,666 6,527 6,305 6,536! 7,768!

Ph.D. 939 1,064 1,006 959 992 1,030 1,129 1,129 1,152! 1,105!

Total 20,116 19,564 19,539 18,964 18,981 19,649 19,812 20,109 20,963! 22,273!

Source: Engineering By the Numbers (2016) American Society for Engineering Education, 2017 

  Source: U.S. Department of Energy, 2011  

Figure 1.4: Energy Management Capacity in the U.S. Industry Sector 
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1.7.  Minorities in Energy Services. 

The urgency of the workforce development crisis in the energy services sector resulting from declining enrollment in 
America’s university-based engineering schools is further constrained by shifting demographics and dynamic changes 
within the higher education sector. Shifting demographics in student populations, as shown in Figure 1.5, 
Demographics in Public School Enrollment by Race/Ethnicity, 1995–2026,  indicate that greater reliance on racial and 
ethnic diversity is the only viable, long-term strategy to grow the Nation’s capacity for advancements in STEM 
education and careers, including the energy services sector, and confirm that the educational outcomes and readiness 
of students of color for STEM education and careers will have direct implications on economic growth, national 
security and global prosperity.   

The Department of Energy (DOE) Office of Economic Impact and Diversity under the Obama Administration 
established the Minorities in Energy Initiative to address the needs of underrepresented communities, especially 
African Americans and Latinos (including Women), in the energy services sector to create a substantive, sustainable 
model that connects diverse stakeholders to address challenges and opportunities for minority engagement in STEM 
education for the energy economy. The Minorities in Energy Initiative has been suspended under the current 
Administration, leading to state government, industry and education sectors to provide leadership and financial 
resources to lead this critical initiative in the interest of national security.   

Dynamic changes within higher education, specifically the student loan default and the increasing rate of small 
college closures are further disrupting the capacity of the education sector to engage minority students in STEM 
education and careers in the energy economy. According to Bloomberg Global Data and the U.S. Federal Reserve, the 
$1.5 trillion in student loan default through the second quarter of 2018 ranks as the second-largest consumer debt 
segment in the Nation after mortgages.   

The Chronicle of Higher Education article, How America’s College-Closure Crisis Leaves Families Devastated (April 
2019), cites an analysis of federal data that shows for the last five years about half a million students have been 
displaced by college closures at more than 1,200 campuses. Many of these colleges are among the 700 minority 
serving institutions (MSI) which have been meeting the intellectual and financial needs of first generation minority 
and low-income students in career-directed academic programs. Nearly 70% of undergraduates at closed campuses 
received need-based Pell Grants. About 57% of displaced students are racial minorities.  

 Figure 1.5: Demographics in Public School Enrollment by Race/Ethnicity, 1995 - 2026 (by Percentage)  

Source: National Center for Education Statistics (2018)  
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SECTION 2. PROOF-OF-CONCEPT RESEARCH 

2.1.  Project ERGAL. 

 From 2003 to 2006, SolarQuest conducted a proof-of-concept project, the “Green Earth Corps (GEC)” under Project 
ERGAL (Renewable Energy Galapagos) in collaboration with the United Nations Development Programme (UNDP), 
the Ministry of Education and Culture (MEC) of the Government of the Republic of Ecuador, and Colegio Tecnico 
Ignacio Hernandez (CTIH). 

    Figure 2.1. Project ERGAL Organizational Chart 

                         Source: Renewable Nations Institute (2009), GEF Project ID#1135 

!Project ERGAL was aimed at reducing Ecuador’s energy-related CO2 emissions by introducing solar photovoltaic 
and wind energy as a substitute for fossil fuel (mainly diesel) utilized in electricity generation, specifically for the 
Galapagos Archipelago. The project was designed to substantially decrease the volume of diesel shipped annually to 
the islands, thereby reducing the environmental threat of an oil spill that can cause great damage to the biodiversity 
found in and around the coastal ecosystem of the archipelago. Project ERGAL activities were designed to remove 
barriers to the development and utilization of renewable energy for electricity generation, initially in the Galapagos, 
but eventually in the nation as a whole. The project developed national capacity in the Republic of Ecuador to identify 
technical and financing options, and to formulate the regulatory, institutional and financial instruments necessary to 
demonstrate the technical, economic, and financial viability of establishing joint ventures to generate electricity 
utilizing renewable energy to supply mini-grids or feed into large grids. (GEF, 2002) 
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! Figure 2.2. Students at Colegio Tecnico Ignacio Hernandez (CTIH) Conducting Energy Survey  

!As shown in Figure 2.2, above, students participating in the GEC program under Project ERGAL coordinated a public 
information campaign on energy efficiency over radio and television, and distributed energy audit request forms 
through the public utility administrative office, public schools and commercial shops. The resulting student audits 
concluded that 36% of the 500 refrigerators tested failed to cycle off over a 10-hour test period, as shown in Figure 
2.3, Functioning Inefficient Refrigerator vs. High Efficiency Refrigerator, below. Test results concluded that the 
average functioning inefficient refrigerator in the Province of Galapagos consumed ~190 watts continuously, as 
compared to a properly cycling high efficiency refrigerator at an average of ~11 watts per hour, as shown in the insert 
in Figure 2.3, below. 

Source: Renewable Nations Institute, 2009 

Source: Renewable Nations Institute 

Figure 2.3: Functioning Inefficient Refrigerator vs. High Efficiency Refrigerator (insert) 

       High Efficiency Refrigerator: 11 watts per hour average consumption. 
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!GEC students then completed whole house electric power audits—refrigerators, televisions, water pumps, lighting, 
radios, kitchen appliances, hot water heaters, etc.—for 140 households on the Island of San Cristobal. The results of 
the audits were interpolated by CTIH students and SolarQuest staff as shown in Figure 2.4, Standard vs. Efficient 
Household, below.  

 Figure 2.4 represents the average consumption for refrigeration and other end-use loads for a typical household in the 
Province of the Galapagos (left) compared to household consumption with high efficiency refrigerators and compact 
fluorescent lighting (right). Study results showed that average monthly household consumption drops from 146KWh 
to 48.44 KWh, representing a 66.8% reduction in electric power consumption with high efficiency refrigerators, 
compact fluorescent lighting and other low-power devices.   

 Utilizing data collected from the household audits, students estimated the potential to reduce energy demand and 
consumption on the San Cristobal power grid, as shown in Figure 2.5, Comparative Demand and Consumption 
Profile. (Yellow/Orange Profile equals current profile; blue equals estimated demand profile with energy efficient 
appliances.) GEC program students calculated the energy efficiency on the Galapagos would cost $3.5 to $4 million 
per megawatt compared to $6.5 to $8.9 million per megawatt for wind power (installed), and $12 million per 
megawatt (installed) at remote sites on the Galapagos Islands. 

         Source: Renewable Nations Institute, 2009 

Source: Renewable Nations Institute, 2009 

   Figure 2.4: Standard vs. Efficient Household 

Figure 2.5: Comparative Demand and Consumption Profile 
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!Students in the GEC program continued their efforts to advocate for carbon emissions reduction beyond the scope of 
the Province of Galapagos. SolarQuest, the Millennium Institute (Washington, D.C.), the University of Bergin 
(Norway) and Middlebury College (Vermont), worked with CTIH students to develop socioeconomic and 
environmental impact models of the Republic of Ecuador based on GEC audits. Their collaborative research efforts 
led to the passage of national legislation for government subsidized replacement of inefficient functioning 
refrigerators nationwide in the Republic of Ecuador as a means to reduce electric power consumption and related CO2 
and GHG emissions.  

 Based upon the success of this proof-of-concept project, SolarQuest was solicited to participate with the Global 
Challenge Award in the following NSF funded, university-based ITEST research projects.  

2.2.  National Science Foundation (NSF) Grant Awards.   

 The NSF Innovative Technology Experiences for Students and Teachers (ITEST) program supports research and 
development of innovative education models for engaging primary and secondary school students in authentic 
experiences that build their capacity to participate in the science, technology, engineering, and mathematics (STEM), 
and the information and communications technology (ICT) workforce of the future. Three successive ITEST research 
grant awards (and a related MacArthur Foundation grant award), 2006-2019, supports the claims by the Institute that 
the GEC offers a proven quality educational program that reflects a real and bold vision that millions of young 
leaders can influence consumers to make dramatic reductions of energy consumption and related CO2 and GHG 
emissions in their communities.  

•  ITEST grant award #DRL-0624663: (University of Vermont, The Global Challenge Award, Inc. and The 
SolarQuest Education Foundation, Inc.)  

 Project Description: The Global Challenge Award, 2006-2009, engaged over 1,000 high school students from 
around the world—including students from developing countries—each year working in eLearning teams to create 
innovative solutions to address global climate change, and to present their solution and its global business 
potential to a panel of industry professionals. The ITEST grant award was complemented by a MacArthur 
Foundation grant award which provided a K-16 partnership framework that supported young women and minority 
high school students for three years to develop the knowledge, skills and personal vision to see science, 
technology, engineering and mathematical (STEM) studies as feasible and desirable choices for college majors. 
Over 230 US students and 230 students from around the world formed international teams mentored by research 
scientists, engineers, mathematicians and project leaders who helped students use innovative technologies in a 
new synthesis of online support materials and structures for STEM learning. 

•  ITEST grant awards #DRL-083376 and #DRL-1312168: (University of North Texas and The Global Challenge 
Award, Inc. and The SolarQuest Education Foundation, Inc.)  

 Project Description: Middle Schoolers Out-to-Save the World (M-SOS-W) 2008-2012, and Going Green! 
Middle Schoolers Out-to-Save the World, 2003-2019, were NFS ITEST research grants in which approximately 
650 sixth graders from middle schools in Louisiana, Maine, Texas and Vermont monitored home energy use under 
supervision of their teachers. The data collected by students were used to develop optimum scenarios for 
conserving energy and reducing the production of greenhouses gases in local communities. Students and teachers 
used online software tools to record and analyze their data and create projections of future energy use based on 
assumptions of policy changes. Teachers and students communicated their results within the project via 
information communication technologies (ICTs). Research was conducted on the effects of the project on students' 
and teachers' changes of attitudes and interests in science, and in students' gains in science content knowledge. 
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!As a product of the ITEST grant awards Middle Schoolers Out-to-Save the World (#DRL-083376), and Going Green! 
Middle Schoolers Out-to-Save the World (#DRL-1312168), the University of North Texas study, the Climate Change 
Attitude Survey: Measuring Middle School Student Beliefs and Intentions to Enact Positive Environmental Change, 
offers insights into the attitudes and intentions of American teens and pre-teens as a consequence of structured 
Service-Learning on the topic of how the climate system works, the causes, impacts and potential solutions to global 
warming, and their concern over the  benefits and risks of proposed emissions mitigation policies.  

 This learning was reinforced by hands-on identification and monitoring of standby energy power losses and excess 
power consumption of inefficient functioning household appliances modeled after the Green Earth Corps (GEC) 
program at CTIH program under Project ERGAL .    

 The Climate Change Attitude Survey (CCAS) points out that age-stability theory research, which posits that 
adolescents’ social and political attitudes are already strongly developed by the time they leave secondary school, 
indicates a positive correlation between students learning about the environment at school and their future behaviors 
as adults.  

 Environmental education targets affective as well as cognitive outcomes with the intention of developing informed 
citizens with positive attitudes toward environmental issues, including climate change. Positive environmental 
attitudes that consist of beliefs, affect, and behavioral intentions are held by many researchers as the necessary 
conditions leading to positive contributions (behavior) to the environment and climate change. 

 The theory of planned behavior, which was developed from the Expectancy Value Models, reinforces these findings. 
According to this theory, if people evaluate the suggested behavior as positive (attitude) there is a higher intention 
(motivation) to perform the behavior. Numerous studies have confirmed the high correlation of attitudes to behavioral 
intention and subsequently to behavior, including one study measuring attitudes toward human-induced climate 
change that found students who have a more accepting attitude toward climate change are more likely to express a 
willingness to take action.  

 The CCAS was developed, therefore, with the goal of providing a tool to not only measure middle school students’ 
attitudes and beliefs about climate change, but also measure their intentions to enact positive change.  

 Analysis of data from 1,576 middle school students selected from eight states including California, Hawaii, 
Louisiana, Maine, Michigan, North Carolina, Virginia and Texas, selected for their diversity in climate zones, rural 
versus urban locations, socioeconomic status of their neighborhoods, and public versus private funding status, 
indicates that the Climate Change Attitude Survey (CCAS) has respectable reliability as an assessment instrument.  

 Respondents in this study were generally positive in their beliefs that the climate is changing and their ability to make 
an impact. The respondents most strongly agreed with the statement “I believe our climate is changing” and least 
strongly the statement “It is a waste of time to work to solve environmental problems.”  

 The positive attitudes bias of students in the research study strongly correlates to a positive outcome for program 
expansion at-scale as advocated in this proposal, and reinforces the statement by the Institute and that this research 
reflects the real and bold vision that millions of emerging young leaders can influence energy consumers to make 
dramatic reductions of carbon dioxide (CO2) and related greenhouse gas (GHG) emissions in their homes, schools, 
businesses and public facilities. 
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2.3.  Industrial Assessment Centers (IACs). 

 The Industrial Assessment Centers (IACs) Program, formerly called the Energy Analysis and Diagnostic Centers 
(EADCs), was created by the Department of Commerce in 1976 in response to the oil embargo and rising energy 
costs. The Program was initially focused on helping small and medium-sized manufacturing facilities cut back on 
unnecessary costs from inefficient energy use. The Program is largely responsible for creating today's energy services 
contract (ESCO) industry. Currently, the IACs Program is administered through the Advanced Manufacturing Office 
under the Office of Energy Efficiency and Renewable Energy at the U. S. Department of Energy (DOE). There are 
now 28 IACs located at universities in 25 states, as shown in Figure 2.5, IACs Location Map, below:   

!   Figure 2.5. IACs Location Map 

                  Source: U.S. Department of Energy, 2019 

!From 2011 to 2013, SolarQuest conducted an independent study for a privatization model of the IACs Program. The 
IACs Program has conducted over 18,715 assessments with more than 141,488 associated recommendations. Average 
yearly savings is $136,761 per recommendation.  

 Direct grants of $9 million distributed to 38 university-based engineering schools have generated the following results 
over the past 33 years of program operations: (i) ~$25 - $30 million annual investment in energy services  (~$825 - 
$900 million over 33 years); (ii) ~$70 million in annual avoided energy cost savings (~$39.2 billion cumulative 
avoided energy cost savings over 33-years); and ~0.5 MMT CO2 emissions increase annually (~16.5 million MMT 
CO2 cumulative over 33 years). 
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!IACs Program maintains a vast energy services performance database that has been aggregated over decades of IAC 
comprehensive energy audit services. The database includes information on the type of facility assessed (size, 
industry, energy usage, etc.) and details of resulting recommendations (type, energy and projected avoided cost 
savings, etc.) See Figure 2.6. IACs Database, below.  

 The database contains a Recommendation Index that is available for all assessment recommendation codes 
and recommendation implementation rates that can be charted by center, years, or state. Nationwide locations of 
assessments and recommendations can be mapped using the IACs activity map, and a top-ten list of assessments and 
recommendations can be generated for specific criteria.  

!   Figure 2.6. IACs Database 

                  Source: U.S. Department of Energy, 2019 

!The results of the independent study for a privatization model of the IACs Program identified an average payback 
period of 0.99 years based upon avoided energy cost savings calculated on the net cost savings of recommended IAC 
measures absent Balance of System (BOS) fees. BOS refers to project management services, contractor overhead and 
profit, and other costs associated with market-rate project pricing, including project financing, warranty insurance 
fees, monitoring and verification, project commissioning, etc. BOS fees vary according to energy services contactor 
business models. By example, BOS costs can range from 0.78% to 2.35% (or more) based upon the scope of the work 
of a project, economies of project scale and complexity, and the specifications of services, including on-going 
maintenance, as applicable. 

 The Institute relies on the results of the SolarQuest independent study for the privatization of the IACs Program as the 
basis of an energy services contract (ESCO) fee-for-service model for Work-Learning-Service internships. This ESCO 
model forms the basis for engaging multi-stakeholder commitments to allocate the requisite financial and human 
resources to support the training for an emerging energy services workforce. The fee-for-service model, referred to as 
a “Payback+5x5 ESCO Agreement,” represents a structural adjustment (institutional innovation) on the basis of 
unrelated business income under the Internal Revenue Service (IRS).  As a Work-Learning-Service internship, 
revenue may be exempt from IRS taxation under modifications, exclusions, and exceptions to unrelated business 
income on the basis of the IRS Convenience of Members, which states: “Any trade or business is excluded that is 
carried on by an organization described in section 501(c)(3) or by a governmental college or university primarily for 
the convenience of its members, students, patients, officers, or employees” (IRS, 2019). 
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SECTION 3. CENTER PROGRAMS 

This proposal is calling for two operating programs at the proposed International Center for Work-Learning-Service & 
Leadership in Sustainability (Center) to coordinate an international scale-up (replication) of proven social and institutional 
innovations under SDG#4, Quality Education, to accelerate positive effects (synergies) on SDG#13, Climate Action. These 
programs are: (i) a K-12 online and community-based Service-Learning initiative, the Green Earth Corps; and (ii) the 
Sustainable Energy Project Incubator, a residential Work-Learning-Service internship program for undergraduate, graduate 
and “gap-year” students. Each program consists of specific activities designed to meet Center objectives of securing public 
acceptability of climate-resilient development pathways and building the requisite human capacity at-scale in the energy 
services workforce. The Institute is proposing to co-brand the programs as a United Nations Junior Ambassadorship and 
Junior Fellowship, respectively, under Commitment Partnership #SDGAction13739 with the Division for Sustainable 
Development Goals of United Nations Department of Economic and Social Affairs (UNDESA), and other United Nations 
agencies and/or programs, as applicable. 

3.1.  The Green Earth Corps (Service-Learning). 

 The Center will engage youth in primary, secondary and higher education worldwide in an online and community-
based Service-Learning platform, the Green Earth Corps, to support public education and dissemination of 
information on the 17 integrated Sustainable Development Goals (SDGs) with the objectives to secure public 
acceptability of climate-resilient development pathways, and support consumer-driven actionable CO2 and GHG 
emissions mitigation strategies in their communities. 

 The SDGs consist of 17 integrated goals, 36 topics and 169 specific targets which were set by the Heads of State and 
Government and High Representatives from over 193 National Governments meeting at the United Nations 
Headquarters in New York from 25-27 September 2015. This historic meeting was the culmination of the efforts of 
world leaders for over two decades to define and affirm the outcomes of all major UN conferences and summits 
which have laid a solid foundation for sustainable development since the Rio Declaration on Environment and 
Development (1992), including: the World Summit on Sustainable Development; the World Summit for Social 
Development; the Programme of Action of the International Conference on Population and Development; the Beijing 
Platform for Action; and the United Nations Conference on Sustainable Development. The SDGs are now universally 
accepted as the global sustainable development agenda. World leaders are now publically committed to achieving that 
agenda by 2030. 

 The Institute holds that the SDGs are among the most powerful global forces that will impact students for decades. 
Consequently, the Institute’s approach to the teaching and learning of the SDGs is designed as an iterative method for 
self-inquiry in the context of the socio-economic, environmental and geopolitical forces that interact with students’ 
personal life decisions and careers.  

   Figure 3.1: The United Nations Sustainable Development Goals (SDGs).  

 Source: UN-DESA    
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The Green Earth Corps (GEC) curriculum engages students in 60 hours of online, self-directed study on the SDGs, 
and 60 hours of community service, supported by colloquia, seminars, workshops, lectures, topical videos and study 
groups delivered online via portfolio-driven web services and video conferencing. The curriculum is organized into 
three spheres—Economy, Environment and Society—each containing multiple sectors, illustrated in Figure 3.2, 
Systems Dynamic (SD) Model, as follows: 

Students are required to examine the SDGs in the context of the spheres and sectors of the SD model and to prioritize 
their interest of study utilizing an online form to create an “Individualized Study Plan” (ISP), and define their 
community-based Service-Learning project in a format provided by the Institute.  

 Community-based Service-Learning activities will be focused upon educating and informing the general public about 
how the climate system works, the causes, impacts and potential solutions to global warming, and the benefits and 
risks of various proposed emissions mitigation policies. Students will coordinate pre-tests of public knowledge, 
conduct public training workshops, and arrange post-tests to assess improved public knowledge.  

 Public training will include the Service-Learning project activities similar to the Project ERGAL and the NSF-funded 
ITEST programs (Middle Schoolers Out-to-Save the World and Going Green! Middle Schoolers Out-to-Save the 
World) in which students conduct on-going monitoring of home and community energy consumption for the purpose 
of producing model-based projections and data-driven decision support for the reduction of home and community 
energy consumption, and related CO2 and GHG emissions.  

 Students will report on their influence over behavior changes among consumers, businesses and political leaders. 
Measureable impacts related to improved public knowledge and increased public acceptability of various emissions 
mitigations strategies will be published annually, and will include data-driven results of both the potential and actual 
capacity for Service-Learning to achieve dramatic reductions in energy demand and consumption due to “power plug 
loads,” specifically, from standby power and inefficient functioning consumer appliances.  

Figure 3.2: Systems Dynamic (SD) Model   

Source: Millennium Institute 
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 Power plug loads, or “power process loads,” commonly referred to by the acronym “PPLs,” are defined as any devices 
(typically appliances, including electronic devices) that plug into a building’s electrical system that are unrelated to 
general lighting, heating, ventilation, cooling, and water heating and are not considered a part of building 
(residential, commercial or institutional) infrastructure.  

 PPLs have recently come to the attention of the U.S. Department of Energy (DOE) and energy researchers worldwide 
as a major source of energy consumption that contributes to energy costs and CO2 emissions. The DOE estimates that 
in the commercial building sector alone PPLs total 33% of building energy use, as shown in Figure 3.3, Impact of 
Commercial Power Plug Loads (PPLs), below. Overall, PPLs in residential and commercial buildings account for 
almost 12% of U.S. net electricity production, and greater than 5% of total U.S. primary energy consumption.!

!“Standby” power loss is defined as energy consumed by appliances when they are not performing their primary useful 
functions, or when they are switched in the off mode. The energy wasted in this manner is commonly referred to as 
“leaking electricity” or “vampire power.” According to an estimate of the International Energy Agency (IEA), the 
total standby power demand of the residential sector in industrialized countries amounts to 15 gigawatts (GWs).  

 Recent field studies show that standby power accounts for 9.4% of household energy use in Japan and 11.6% in 
Australia. Surveys conducted on commercial and institutional facilities in Belgium and Switzerland have shown that 
standby energy consumed during off-working hours represents 24% and 36%, respectively, of the total building 
energy use. Standby power losses amount to about 20.5 billion kWh annually in Germany, of which 14 billion kWh 
are from household appliances and 6.5 billion kWh from office and communication equipment.  

 California’s commercial office building plug loads consume more than 3,000 gigawatt hours annually, costing 
business owners more than $400 million each year. The associated carbon dioxide emissions of these plug loads is 
more than 700,000 metric tons annually, equivalent to the carbon dioxide emissions of 140,000 cars during one year. 
On average, office buildings in California contain 7 devices per employee and 30 plug load devices per 1,000 square 
feet of office space.  

 According to the DOE, by 2030 commercial building energy consumption in the U.S. is expected to increase by 24%. 
PPL energy consumption in the U.S. is anticipated to increase by 49% during the same time frame.  

 Figure 3.3: Impact of Commercial Power Plug Loads (PPLs) 

Source: National Renewable Energy Laboratory 
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!In 2010, the National Renewable Energy Laboratory (NREL) in Golden, Colorado, constructed one of the largest U.S. 
net zero energy office buildings, the Research Support Facility (RSF), with the goal to achieve annual net zero energy 
use with on-site renewables. To meet net zero energy targets, the NREL research team was required to drastically 
reduce its PPL energy use in the RSF, and formulated a reduction strategy that yielded a 47% reduction in PPLs. They 
examined PPLs, including elevators, kitchen equipment in break rooms, and office equipment in NREL’s previously 
occupied office spaces to determine a baseline. This, along with research into the most energy-efficient products and 
practices, enabled the NREL research team to reduce PPLs in NREL’s previous office space from 2,257,000 kWh/year 
to 1,290,000 kWh/year, a 43% reduction, as shown in Figure 3.4, Plug Power Load (PPL) Reduction at NREL 
Facility. This PPL reduction also reduced the cost of a planned solar array by $4.1 million.    

!Inefficient functioning (and malfunctioning) electric appliances, including consumer electronics and white goods 
(refrigerators, cold storage freezers, washing machines, etc.) are a classification of PPLs that have not received 
sufficient research attention. Project ERGAL represents a landmark study on inefficient functioning electric 
appliances that may have broad applicability worldwide. Study results from Project ERGAL showed average monthly 
household consumption decreasing from 146KWh to 48.44 KWh, a 66.8% reduction in electric power consumption, 
with high efficiency refrigerators, compact fluorescent lighting and other low-power devices. Inefficient functioning 
(and malfunctioning) refrigerators were the principal target of PPLs in this study. The Institute will seek to replicate 
the Project ERGAL research focus on inefficient functioning electric appliances as a major source of energy 
consumption that contributes to energy costs and CO2 emissions.   

 The Institute argues that PPLs represent a category of energy consumption that can be most effectively addressed 
through social innovation in the context of education-based Service-Learning. The Green Earth Corps (GEC) proof-
of-concept program under Project ERGAL and NSF-funded ITEST programs (Middle Schoolers Out-to-Save the 
World and Going Green! Middle Schoolers Out-to-Save the World) have proven the efficacy of applying this 
innovation at-scale, benefiting learning outcomes for students while significantly reducing CO2 emissions.    

Figure 3.4: Plug Power Load (PPL) Reduction at NREL Facility 

Source: National Renewable Energy Laboratory 
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The unique social innovation of the Green Earth Corps (GEC) Service-Learning initiative is its framework of 
measureable intergenerational accountability. The foundational research conducted by the Institute and its 
university-based collaborators demonstrates the capacity of the GEC Service-Learning initiative to empower youth to 
hold the general public accountable for (a) improving their attitudes, knowledge, beliefs and intentions toward climate 
change, and (b) holding energy consumers accountable for specific data-driven actionable solutions to global warming 
as demonstrated by measuring, monitoring and verification of the potential to reduce wasteful energy consumption 
and related CO2 and GHG emissions from standby power and inefficient functioning appliances.  

EXCERPT FROM ADDRESS TO THE UNITED NATIONS PLENARY IN KATOWICE, POLAND 

You Are Stealing Our Future: Greta Thunberg, Condemns the World’s Inaction on 
Climate Change December 12, 2018  

You are not mature enough to tell it like it is. Our civilization is being sacrificed for the opportunity of a very small 
number of people to continue making enormous amounts of money. Our biosphere is being sacrificed so that rich 
people in countries like mine can live in luxury. It is the sufferings of the many which pay for the luxuries of the few. 
We have not come here to beg world leaders to care. You have ignored us in the past, and you will ignore us again. 
You say you love your children above all else, and yet you are stealing their future in front of their very eyes. We have 
run out of excuses, and we are running out of time. We have come here to let you know that change is coming, 
whether you like it or not.  – Greta Thunberg 

The Institute argues that social innovation upon which the Green Earth Corps (GEC) Service-Learning initiative and 
the School Strike for Climate Movement are premised is the concept of the moral framework of measureable 
intergenerational accountability as evoked by Greta Thunberg. 

Figure 3.5: Greta Thunberg 

Source: Connect4Climate, 2018 
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3.2.  Sustainable Energy Project Incubator. 

 The IPCC January 2019 revised Special Report, Global warming of 1.5°C, identified building the requisite human 
capacity at-scale in the energy services workforce as one of the key institutional challenges (barriers) that are likely to 
impede the acceleration of wide-scale behavior changes consistent with adapting to and limiting global warming to 
1.5°C above pre-industrial levels by 2045 to 2055 (IPCC, 2019). The Center will develop and maintain a “Sustainable 
Energy Project Incubator” (hereinafter, “Project Incubator”) on a Work-Learning-Service internship (Work-College) 
model as a broadly scalable and replicable institutional innovation to accelerate the development global energy 
services workforce. 

 The unique institutional innovation of the Sustainable Energy Project Incubator is twofold: (a) the Work-Learning-
Service internship program provides a model of structural reform in the higher education sector in which academia 
and industry are more effectively integrated, thereby allowing students to participate in the energy services workforce 
at the early stages of their academic career; and (b) student and faculty work products—commercial investment-grade 
energy efficiency and renewable energy project proposals—implemented under an energy services contact (ESCO) 
model provide a self-generating program revenue to offset the cost of education for students, thereby eliminating the 
principal institutional barrier in the higher education sector to build the requisite human capacity at-scale in the energy 
services workforce.  

 Work-College, Work-Learning-Service Innovation: The United States Department of Education Title 34, Subtitle 
B, Chapter VI, Part 675, Subpart C, §675.41 defines a Work-College as a public or private nonprofit, four-year, 
degree-granting institution with a commitment to community service that: (1) has operated a comprehensive “Work-
Learning-Service” program for at least two years; (2) requires at least one-half of all students who are enrolled on a 
full-time basis to participate in a comprehensive Work-Learning-Service program for at least five hours each week, or 
at least 80 hours during each period of enrollment; (3) provides students participating in the comprehensive Work-
Learning-Service program with the opportunity to contribute to their education and to the welfare of the community 
as a whole; (4) includes learning objectives, evaluation and a record of work performance as part of the student's 
college record; (5) provides programmatic leadership by college personnel at levels comparable to traditional 
academic programs; (6) recognizes the educational role of Work-Learning-Service supervisors; and (7) includes 
consequences for nonperformance or failure in the Work-Learning-Service program similar to the consequences for 
failure in a regular academic program. 

 Under the supervision of industry-based professional project developers—Work-Learning-Service supervisors serving 
as adjunct faculty—graduate student interns and post-graduate fellows of the Center will collaborate in an industry 
workstation environment (Sustainable Energy Project Incubator) to develop and maintain a portfolio of energy 
efficiency and renewable energy projects (EERE) at a value of ~$2.5 billion in the U.S. alone. This model relies upon 
adjunct faculty sourced from industry partners of the Center working remotely to identify qualified clients. Adjunct 
faculty in the field conduct Rapid Assessments of client facilities utilizing energy data benchmarked against known 
energy performance standards contained in a comprehensive Center database—an aggregate of all known energy 
efficiency and renewable project performance data, including the IACs database.  

 The client may then opt to retain Center services on a Payback+5x5 energy services contract (ESCO) model, at which 
time the adjunct faculty member develops work-product specifications and courseware in collaboration with specialty 
teams of faculty and post-graduate fellows of the Center with advanced engineering knowledge. Working remotely, 
but periodically residing on campus for instruction and supervision, the Work-Learning-Service supervisor becomes 
the “Adjunct Faculty of Record” for the full term of client engagement from project concept to commissioning and 
performance tracking. Financially qualified industry-based partners of the Center (from which the adjunct faculty are 
sourced) enter into a performance-based ESCO contract with the client, which contains a Payback+5x5 ESCO clause 
to the benefit of the Center.  
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 The ESCO model, Figure 3.5, Payback+5x5 ESCO Model, is designed to generate revenue for the Center on the basis 
of 5% of annual avoided cost savings (or 5% of annual gross earnings of a renewable energy project) during the 
project payback term, plus 5% per annum for a minimum period of 5 years after the payback. This will generate 
revenue of up to $125 million annually within 3 to 5 years to achieve tuition-free Work-College status and promote 
the replication of Center services in up to 300 universities internationally.  

	Feasibility of Scaling to $2.5 Billion in Payback+5x5 ESCO Agreements:  

 In 2017, the Energy Analysis and Environmental Impacts Division (EAEID) of the Lawrence Berkeley National 
Laboratory published a study, Current Size and Remaining Market Potential of the U.S. Energy Service Company 
Industry, based upon the national building inventory available for retrofit (EAEID, 2017).  

 The study presented two scenarios: (i) a base case market analysis, and (ii) a case “unfettered” by market, 
bureaucratic, and regulatory barriers. Using known energy efficiency retrofit costs from the industry database 
compiled by the National Association of Energy Service Companies (NAESCO), and the known available 
commercial, institution and industrial space available for retrofit, the study estimated remaining market potential is 
$92- $201 billion for the base case, and $190-$333 billion for the unfettered case.  

 In 2014, total U.S. ESCO industry revenue was estimated at $5.3 billion. In 2016, the latest year for which data is 
available, the ESCO industry grew to $6.3 billion. $500 million in annual Payback+5x5 ESCO Agreements represents 
a 8% market increase over 2016 total revenue, but only .05% of the low estimate of the remaining market potential of 
$92 billion for the base case.  

 According to the Bloomberg New Energy Finance report, Sustainable Energy in America, market drivers are 
sustaining growth in clean energy development with $57 billion in new investments in 2017 (Bloomberg, 2017). $500 
million in annual Payback+5x5 ESCO agreements in the clean energy sector represents a .09% of the 2017 market 
investment. In order for the Center to achieve financial sustainability based upon Payback+5x5 ESCO Agreements 
alone, the Institute will seek “forward commitments” for energy efficiency and renewable energy project financing at 
total $500 million annually, $2.5 billion over five years, to finance qualified (bondable) private sector industry 
partners.  

Figure 3.5: Payback+5x5 ESCO Model 

Source: National Renewable Energy Laboratory 
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 Curriculum Delivery: Accredited academic consortium members will design instructional programs under the 
general curriculum framework, as described in Section 3.4, Table 2, Curriculum Framework (Abridged), utilizing a 
variety of formats: lectures, workshops, seminars, field surveys, tutorials, traditional and non-traditional classroom 
and laboratory settings, residency and low-residency academic programming, and distance-learning.  

 The Center emphasizes Work-Learning-Service deliverables (work-products) that lead to investment-grade proposals 
for multi-stakeholder clients, but recognizes the importance of public policy, legal contracts, business development, 
environmental planning, project management, data analysis, blended public-private financing and other relevant 
services. In this context, the Center will recruit a cross-disciplinary student body with the motivation and capacity to 
contribute to a multi-sector project development framework across the spectrum of requisite services for investment-
grade energy efficiency and renewable energy project development.  

 A key principal of the Center curriculum is “universal access.” Universal access is achieved by developing the 
proposed Center as a “international distributed learning center.” Advanced Distributed Learning (ADL) instructional 
technologies are emerging as a non-centralized instructional model that allows teaching and learning to occur in 
combination with traditional classroom-based courses, or used to create entirely virtual classrooms and educational 
communities.  

 The Center will deploy ADL technologies under a professional workstation model to leverage the vast capacity of 
formal and informal educational communities globally to focus on the creation of solutions to solve seemingly 
intractable socioeconomic and environmental challenges.  

 Building a Knowledge Platform: The Center will develop a Sustainable Energy Knowledge Platform (Knowledge 
Platform) on the foundation of the U.S. Department of Energy (DOE) Office of Energy Efficiency and Renewable 
Energy (EERE) interoperable Analysis Tools Ecosystem—Open Studio, Energy Asset Score, Seed Platform and 
Building Performance Database, etc. (EERE, 2018). The Institute will expand the interoperability of EERE Analysis 
Tools Ecosystem to include the integration of services such as Sankey Modeling, Systems Dynamic Modeling and the 
Solar Wind Energy Resource Assessment (SWERA) Geospatial Toolkit in order to develop high-resolution data under 
a common framework for predictive analysis and decision support across multiple stakeholders.  

Table 2: Curriculum Framework (Abridged))  

G-1.01:  
Economics of clean 
energy technologies 
as a greenhouse gas 
(GHG) reduction 
strategy.  

G-1.03:  
Systems optimization 
modeling to improve 
the energy intensity 
and productivity.  

G-2.01:  
Energy resource 
mapping utilizing 
geospatial 
technologies and 
country data.  

G-3.01:  
Multi-disciplinary, 
outcomes-based 
project management 
training.  

G-3.03  
Thesis or field 
project based upon 
the “case study” 
method combined 
with field research.  

G-1.02:  
Methodologies for 
the permitting and 
licensing of 
renewable energy 
projects.  

G-1.04:  
Case studies of 
policy mechanisms 
under various 
proposed Clean 
Development 
Mechanisms 
(CDMs).  

G-2.02:  
Systems Dynamic 
Modeling as a 
method to assess the 
risks and benefits of 
alternative energy 
policies.  

G-3.02:  
Advanced energy 
efficiency and 
renewable energy 
technologies.  

G-3.04:  
Individualized 
tutorials focusing on 
public policy and/or 
clean energy 
technology with 
senior faculty 
approval.  

Source: Renewable Nations Institute 
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 Sankey Energy Modeling: Sankey diagrams visualize conserved quantities of energy within defined subsystem 
boundaries and the distribution of conversions of energy flows across subsystem boundaries. Sankey Energy diagrams 
are used in various formats by international and national planning agencies, such as the International Energy Agency 
(IEA) and Energy Information Agency (EIA). The Center will utilize the internationally recognized Sankey Energy 
diagram format developed by the Lawrence Livermore National Laboratory (LLNL). (LLNL, 2018) Work-Learning-
Service interns at the Center will develop and maintain an On-Line Sankey Energy Analysis Service for decision 
support at all levels from national-level to community-scale planning, and building-based energy assessments. 

 Systems Dynamic Modeling: Systems Dynamic (SD) Modeling is a computer-aided approach to policy analysis and 
design as applied to dynamic problems arising in complex social, managerial, economic or ecological systems. 
Specifically, SD Modeling applies to the macro-analysis of dynamic systems characterized by interdependence, 
mutual interaction, information feedback and circular causality. It is commonly utilized in economics, public policy, 
environmental studies, defense, commerce, social science and other areas to examine macro-scale dynamics both 
endogenous and exogenous to linkages within and across complex systems.  

 The Center will utilize Millennium Institute (MI) Threshold 21 (T21) software for public policy research and energy 
transition planning. T21 SD modeling software provides a transparent, collaborative and interconnected policy-
planning tool with critical features that supports an inclusive, comprehensive and integrated development planning 
process (MI, 2018). The primary Work-Service-Learning applications of SD Modeling at the proposed Center are: (a) 
predictive modeling and decision support for macro-scale energy policy, planning and investment; and (b) definitive 
measuring of the metrics that verify progress toward sustainability within the spheres of SD Model construction—
economy, society and environment—overlaid across the energy sphere.  

 Data Benchmarking Services: The Center will build benchmarking services utilizing the IAC Database and other 
publically available benchmarking tools to establish a Rapid Assessment Service and Risk Analysis Toolkit. The IAC 
Database is a collection of 18,293 assessments and 138,635 associated recommendations on the type of facility 
assessed (size, industry, energy usage, etc.) and details of resulting recommendations (type, energy & dollars savings 
etc.). The Database is searchable by assessments (industry type, size, year, energy costs, products), recommendations 
(type, savings, cost, implemented) and industry type. Recommendation indices are available for all assessment 
recommendation codes (ARCs). Recommendation implementation rates (RIRs) can be charted by center, years, or 
state. Nationwide locations of assessments and recommendations can be mapped using the IACs Activity Map. The 
Institute will leverage the IAC Database to establish new database services detailing project performance to assess 
High Impact Opportunities (HIOs) and High Impact Investments (HIIs) across a full range of energy efficiency and 
renewable energy projects. 

 Vital CleanTech Ventures: Vital CleanTech Ventures (VITAL) is the management services partner for the 
Sustainable Energy Project Incubator. VITAL will provide oversight of the sustainable energy Project Incubator 
proposed at the Center. VITAL has designed and developed renewable energy, lighting systems, film productions and 
cleantech projects in 34 countries over 30 years, including village-level community Solar Thermal Energy case 
studies in Ithaca (NY) for deployment in African villages.  
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SECTION 4. OUTREACH & ENROLLMENT  

The Institute will utilize multiple outreach and enrollment channels for K-12 and higher education partnership development, 
including membership in existing higher education sustainability organizations, social media campaigns to interest groups, 
and direct outreach to school districts, as follows:    

4.1.  U.S. University Outreach. 

 The Association for the Advancement of Sustainability in Higher Education (AASHE) is a non-profit 501(c)(3) 
membership organization that empowers higher education faculty, administrators, staff and students to be effective 
change agents and drivers of sustainability innovation.  

 Membership in AASHE consists if 793 colleges and universities and 169 associate members from 17 countries, 
representing an estimated 3.9 million faculty and students. AASHE enables its nearly 1,000 members to translate 
information into action by offering essential resources and professional development to a diverse, engaged community 
of sustainability leaders.  

 AASHE also works collaboratively with and for institutions of higher education through the AASHE Sustainability 
Hub (Figure 4.1, AASHE Online Sustainability Hub) and a variety of Technical Assistance and Human Capacity 
Building programs to ensure that our world’s future leaders are motivated and equipped to solve sustainability 
challenges . 

4.2.  The Higher Education Sustainability Initiative (HESI). 

 The Higher Education Sustainability Initiative (HESI), a partnership between United Nations Department of 
Economic and Social Affairs, UNESCO, United Nations Environment, UN Global Compact’s Principles for 
Responsible Management Education (PRME) initiative, United Nations University (UNU), UN-HABITAT, UNCTAD 
and UNITAR, was created in 2012 in the run-up to the United Nations Conference on Sustainable Development (Rio
+20).  

 With commitments from over 300 universities from around the world, HESI accounted for more than one-third of all 
the voluntary commitments that were launched at Rio+20. Through its strong association with the United Nations, 
HESI provides higher education institutions with a unique interface between higher education, science, and policy 
making. 

 Figure 4.1: AASHE Online Sustainability Hub 

 Source: AASHE Online Sustainability Hub 
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4.3.  Social Media Campaign. 

 The Institute will launch a social media campaign based upon the active and growing online interactive database 
within the School Strike for Climate movement (Figure 4.2, School Strike for Climate City Database). The School 
Strike movement utilizes various social media technology platforms, including Facebook, Twitter and YouTube, 
managed by national Strike organizers throughout the world. The social media campaign will provide inspirational 
messaging and compelling imagery detailing Green Earth Corps (GEC) program effectiveness based primarily upon 
youth testimonials. 

!Student Eligibility. Respondents will be driven to a registration webpage with social media networking functions 
designed to elect mandatory “opt in” features for regulatory compliance with the Children's Online Privacy Protection 
Act of 1998, (15 U.S.C. 6501), which prohibits practices in connection with the collection, use and/or disclosure of 
personal information from and about children under the age of 13 on the Internet. High school students in grades 9-12 
(ages 14 to 18) are the eligible targeted age group for the Green Earth Corps. Grades K-8 students are able to 
participate in structured Green Earth Corps activities that are sanctioned by school districts and directly supervised by 
their teachers. All participants are required to secure the permission of their parents or guardians, and the permission 
of their high school principal, as a condition of enrollment in the GEC Program. All program students must provide a 
Statement of Good Academic Standing from their high school principal prior to enrollment.       

 Figure 4.2: School Strike for Climate City Database 

 Source: Fridays for Future 
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!Outreach to School Districts: Institute will establish a K-12 Service-Learning consortium with regional subdivisions 
consisting of representation from among high school districts in the U.S. consistent with the protocol established 
through the National Science Foundation (NSF) funded ITEST research grants. Outreach will be targeted to high 
school districts by ranking of All Instructional Materials (AIM) expenditures above $10 million, as shown in Figure 
4.3, below:  

!Priority outreach will be targeted to high schools ranked by AIM expenditures of a minimum of $50 million, as shown 
in Table 4.1, Top 23 U.S. School Districts by All Instructional Materials (AIM) Expenditures, below.  

 In aggregate, the total high school enrollment of the top 23 school districts listed in Table 4.1, above, exceeds 2.1 
million students (grades 9-12), with an annual average of more than 300,000 college bound students. See Table 4.2, 
Enrollment in Top 23 U.S. School Districts by All Instructional Materials (AIM) Expenditures, below:   

 Source: National Center for Education Statistics  

Annual Expenditures (by County):!

Figure 4.3, AIM Expenditures by Statistical Metropolitan Area 

$50+ million!

$25 - $49 million!
$10 - $24 million!

Table 4.1: Top 23 U.S. School Districts by All Instructional Materials (AIM) Expenditures 

AIM Expenditures of $50 Million 

Los Angeles, CA $422,195,135  Orange, CA  $87,557,668  Nassau, NY  $70,904,513  

New York, NY $342,237,510  Maricopa, AZ  $81,283,363  Suffolk, NY  $68,887,945  

Cook, IL  $182,393,899  Riverside, CA  $79,765,124  Tarrant, TX  $68,732,089  

Harris, TX  $167,335,406  Middlesex, MA  $78,727,066  El Paso, TX  $66,834,509  

Clark, NV  $148, 657,029  Bexar, TX  $76,501,298  Hampden, MA  $56,241,296  

Honolulu, HI  $111,452,064  Fairfax, VA  $72,513,212  King, WA  $54,064,177  

Dallas, TX  $105,435,015  Wayne, MI  $72,438,874  Santa Clara, CA  $50,330,152  

Hidalgo, TX  $90,292,984  San Bernardino, CA  $71,740,569  

Source: National Center for Education Statistics 
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Table 4.2: Enrollment in Top 23 U.S. School Districts by All Instructional Materials (AIM) Expenditures 

AIM Expenditures of $50 Million 

Los Angeles, CA 
  Grade 9-12 
  College Bound Seniors 

165,530 
26,228 

Orange, CA 
  Grade 9-12 
  College Bound Seniors  

118,696 
18,695 

Nassau, NY 
  Grade 9-12 
  College Bound Seniors  

22,395 
3,527 

New York, NY 
  Grade 9-12 
  College Bound Seniors 

272,393 
42,902 

Maricopa, AZ  
  Grade 9-12 
  College Bound Seniors 

176,821 
27,849 

Suffolk, NY 
  Grade 9-12 
  College Bound Seniors  

58,103 
9,151 

Cook, IL  
  Grade 9-12 
  College Bound Seniors 

230,164 
36,251 

Riverside, CA 
  Grade 9-12 
  College Bound Seniors  

102,821 
16,194 

Tarrant, TX 
  Grade 9-12 
  College Bound Seniors  

37,960 
5,979 

Harris, TX 
  Grade 9-12 
  College Bound Seniors  

215,427 
33,930 

Middlesex, MA 
  Grade 9-12 
  College Bound Seniors  

52,667 
8,295 

El Paso, TX 
  Grade 9-12 
  College Bound Seniors  

42,660 
6,719 

Clark, NV 
  Grade 9-12 
  College Bound Seniors  

77,465 
12,202 

Bexar, TX 
  Grade 9-12 
  College Bound Seniors  

84,921 
13,375 

Hampden, MA 
  Grade 9-12 
  College Bound Seniors  

17,571 
2,767 

Honolulu, HI 
  Grade 9-12 
  College Bound Seniors  

40,330 
6,352 

Fairfax, VA 
  Grade 9-12 
  College Bound Seniors  

44,880 
7,069 

King, WA  
  Grade 9-12 
  College Bound Seniors 

93,403 
14,711 

Dallas, TX 
  Grade 9-12 
  College Bound Seniors  

37,680 
5,935 

Wayne, MI 
  Grade 9-12 
  College Bound Seniors  

66,351 
10,450 

Santa Clara, CA 
  Grade 9-12 
  College Bound Seniors  

25,019 
3,952 

Hidalgo, TX 
  Grade 9-12 
  College Bound Seniors  

53,414 
8,413 

San Bernardino, CA 
  Grade 9-12 
  College Bound Seniors  

94,495 
15,195 

Totals: 
  Grade 9-12 
  College Bound Seniors  

2,134,20
2 

336,136 

Source: National Center for Education Statistics (Actual enrollment may vary as great as 5% to 10% of enrollment posted.) 

Preliminary Outreach Results. The Institute currently maintains a list of “opted-in” email addresses for 22,891 
science teachers nationally representing an estimated 7,149 public schools. In 2015, the Institute conducted a survey 
targeted to 1,034 teachers in the New England region representing 355 public schools to assess interest in proposed 
Center programs. As shown in Figure 4.4, Preliminary Outreach Results, below, this outreach produced the following 
results, 510 (49.4%) of 1,032 contacts representing 355 schools opened the email; 15 (2.9%) of the 510 contacts that 
opened the email submitted a Statement of Interest, representing (4.2%) of the 355 school universe email distribution; 
additionally, 11 (2.2%) of the 510 contacts submitted a Request for Information. A total of 26 contacts, or 7.3% of 
contacts who opened the email submitted a response.  

Figure 4.4: Preliminary Outreach Results 

 Source: Renewable Nations Institute 
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SECTION 5. INSTITUTE BACKGROUND 

From 1998-2001, the SolarQuest Education Foundation, Inc. (State of Vermont Business Identification Number 
0075182), the predecessor to the Renewable Nations Institute, conducted a series of special-purpose projects in 
collaboration with the President’s Council on Sustainable Development (PCSD) and the White House Millennium 
Council (Clinton Administration).  

These projects—President’s Million Solar Roofs Initiative, Operation Day’s Work, Village Power 2000, U.S.-Africa 
Energy Ministerial Meeting, National Town Meeting for a Sustainable America and Solar Lights for Africa—
culminated in the first solar-powered, remote educational telecenter under Clean Development Mechanism (CDM) of 
the Kyoto Protocol/G8 Mandate for Universal Service (January 2001), which was installed in the deep-rural village of 
Porvenir in the Amazon Rainforest of the Republic of Bolivia. 

The work of SolarQuest contributed to the process of defining the Ten National Goals of the President's Council on 
Sustainable Development (1993-1999), the Eight United Nations Millennium Development Goals (2000-2015), and 
(albeit indirectly) the Seventeen United Nations Sustainable Development Goals (SDGs) adopted by all United 
Nations Member States in 2015.  

From 2002-2009, SolarQuest participated in Project ERGAL (Renewable Energy Galapagos) in the Province of the 
Galapagos, Republic of Ecuador. (See Section 2.2. Proof-of-Concept.)  

Project ERGAL was developed under the umbrella of the Global Environment Facility (GEF), the United Nations 
Foundation (UNF), the United Nations Fund for International Partnerships (UNFIP), the United Nations Development 
Programme (UNDP), the Government of the Republic of Ecuador, and the Global Sustainable Electricity Partnership 
(formerly the e8 Network for Expertise on the Global Environment). The Institute was conceptually developed, and 
eventually founded, as a direct outcome of Project ERGAL. (See Figure 2.1, Project ERGAL Organizational Chart.)  

The Global Challenge Award, Inc. (Global Challenge), a Vermont-based tax-exempt, non-profit 501(c)(3) corporation 
(State of Vermont Business Identification Number 0077088), was incorporated on November 18, 2005. Global 
Challenge was formally launched in partnership with the University of Vermont in 2006 with a coveted three-year $1 
million grant from the National Science Foundation (NSF) Innovative Experiences for Students and Teachers (ITEST) 
Program.  

Building upon the success of Project ERGAL, in 2007 SolarQuest teamed with Global Challenge, the University of 
Vermont and the University of North Texas on a series of ITEST grants, including the Global Challenge Award 
(ITEST Grant #DRL-0624663), Middle Schoolers Out-to-Save the World (ITEST Grant #DRL-083376) and Going 
Green! Middle Schoolers Out-to-Save the World (ITEST Grant #DRL-1312168). 

In 2015, the SolarQuest Education Foundation, Inc. merged with the Global Challenge Award, Inc. The d.b.a. registry 
“The Renewable Nations Institute” was filed on 18 June 2017 (State of Vermont Business Identification Number 
0331925).  

Each year from 2006-2018, more than 450 to 1,000 students from hundreds of school districts from 7 U.S. states and 
52 nations participated in peer reviewed NSF funded ITEST research grants developed, designed and/or operated by 
the Institute and/or its collaborating research-based universities. The goal of each of these research projects was to 
demonstrate the efficacy of teaching and learning in formal and informal Service-Learning environments to educate 
and motivate students to help decision makers in their communities to take urgent action to combat climate change 
and its impacts.  


