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OPENING REMARKS:

Patricia Moulton, President

Vermont Technical College

Welcome. 

At Vermont Tech students learn by doing. Our diverse faculty build 

exceptional classroom instruction through hands-on, subject-specific 

experiences at unique facilities, such as our on-site renewable energy 

laboratory.

The MEC 4722 Renewable Energy Capstone Project demonstrates the 

capacity of our faculty and students to work in collaboration with 

diverse stakeholders to address seemingly intractable global 

challenges.

It is exemplary of an emerging educational model that showcases 

±ŜǊƳƻƴǘ ¢ŜŎƘΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ǎŜǊǾƛŎŜΦ  
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Bachelor of Science in Renewable Energy
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OUR GRADUATES PURSUE CAREERS IN:
 
ÅSystems design 
ÅSystems field operations technologists
ÅTechnical managers
ÅRenewable energy sales 
ÅRenewable energy manufacturing
ÅRenewable energy project developers
ÅEnergy consulting & management
Åother related fields

Students learn to evaluate resources, assess sites, apply technology, 
design systems, model performance, and manage projects.

An interdisciplinary program that integrates a foundation of science and engineering curriculum 
with courses in renewable energy technology and project management



MEC 4722 RENEWABLE ENERGY CAPSTONE PROJECT

Healthcare Facility Electrification in the Developing World

FN: 2021_MEC_4722 PAGE 5 OF 49

Student Roster ς 

Faculty Advisorς

John Kidder, Ph.D.
School of Engineering and Computing
Renewable Energy Department Chair

Client & Advisor ς

Allan Baer
President & Chief Executive Officer
The Renewable Nations Institute

CAPSTONE PROJECT TEAM:

Alex Bryan Adam Dalterio Jarrett Kneeland Samuel Stocks Devin Tingle Tyler Yeager

MEC 4722 - Spring Semester 2021
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WEBINAR AGENDA/ PRESENTERS:

INTRODUCTION CAPSTONE RESEARCH* CONCLUSION

A.  Introduction to Client
           -  John Kidder

1.  Stakeholder Consultation
           -  Adam Dalterio

F.  Conclusions ςQ&A
 -  John Kidder

B.  Problem Statement
           -  Allan Baer

2.  National Health Facility Mapping
           -  Tyler Yeager

G.  Closing Remarks 
           -  Robert Allen
           -  Patricia Moulton 

C.  Project Objectives
           -  Allan Baer

3.  Energy Needs Assessment
           -  Samuel Stocks

D.  Research Methodologies
           -  Devin Tingle

4.  Energy Analysis
           -  Alex Bryan

PART 2

5.  Energy Systems Costs
           -  Jarrett Kneeland

Open Discussion
         -  John Kidder

6. Implementation Strategy
        -  Alex Bryan

MEC 4722 - Spring Semester 2021

* Compliant with Sustainable Energy for All, Powering Health FacilitiesςApproach (2020) 



A.  INTRODUCTION TO CLIENT: 

THE RENEWABLE NATIONS INSTITUTE

ÅUnited Nations 
Commitment Partner                                   
#SDGAction13739

Photo Credit:  Renewable Nations Institute
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BACKGROUND & EXPERIENCE:

1998 - 2001 2002 - 2021 2002 - 2021

PROJECT ERGAL

Å United Nations Foundation (UNF)

Å United Nations Fund for International 

Development (UNFIP)

Å United Nations Development 

Programme (UNDP)

Å e8 Network for Expertise on the 

Global Environment (e8) 

CAPACITY BUILDING

Å President's Million Solar Roofs 

Initiative

Å President's Council on Sustainable 

Development

Å Village Power 2000; Solar Lights for 

Africa

Å U.S.-Africa Energy Ministerial 

Meeting

STEM EDUCATION RESEARCH

Å Global Challenge Award, University 

of Vermont

Å Middle Schoolers Out to Save the 

World, University of North Texas

Å Going Green (MOSOW), University 

of North Texas

Å iGlobe, Inc.;  Massachusetts 

Institute of Technology

MEC 4722 - Spring Semester 2021

http://www.renewablenations.us/about-us.html
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Å An estimated 1 billion people rely 
on healthcare facilities that lack 
access to electricity. 

Å 3.8 billion people rely on healthcare 
facilities that experience 
intermittent power outages.

B.  PROBLEM STATEMENT

Photo Credit: Innovation Africa



MEC 4722 RENEWABLE ENERGY CAPSTONE PROJECT

Healthcare Facility Electrification in the Developing World

FN: 2021_MEC_4722 PAGE 10 OF 49

ÅDeveloping countries lack access to technical assistance, human capacity building 
and financing at-scale to achieve universal health facility electrification.

First Global Survey of Healthcare Facilities with no Access to Electricity (2013)

Source:World Health Organization (WHO)

MEC 4722 - Spring Semester 2021

-   The World Health Organization (WHO) 

estimates the total cost of electrifying 
healthcare facilities in the developing 

world by 2030 at:

$2.7 trillion



MEC 4722 RENEWABLE ENERGY CAPSTONE PROJECT

Healthcare Facility Electrification in the Developing WorldC.  CAPSTONE PROJECT OBJECTIVE

Vermont Technical College
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CAPSTONE PROJECT OBJECTIVE: To demonstrate the efficacy of Work-Learning-Service to 

provide cost-effective, accurate and timely technical assistance, capacity building and decision 

support services for multi-sector stakeholders engaged in national-level healthcare facility 

electrification project planning in the developing world.
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Global Assessment of National Healthcare Facility Electrification Initiatives  

1.Chhattisgarh State Renewable Energy Development 

Agency (CREDA); 984 health facilities

2.SELCO Foundation, Karuna Trust (SELCO); 15 health 

facilities 

3.Community Energy Development Programme (CEDP); 1 

health facility

4.Innovation Africa (IA); 55 health facilities

5.Sustainable Solar Market Package (SSMP); 1,040 health 

facilities

6.Energy for Rural Transformation (ERT-II); 522 health 

facilities

7.Solar for Health, United Nations Development 

Programme (S4H); 405 health facilities

Source:United Nations Foundation, Sustainable Energy for All: Lasting impactςSustainable off-grid solar delivery models to power health and education (2019) 

Total Health Facilities Electrified: 3,022 
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COUNTRY OF STUDY: The Republic of Uganda is the preferred Country of Study due to the 

knowledge gained from the Energy for Rural Transformation Projects (ERT-1, 2 and 3), a $176.4 

million electrification initiative funded by the Global Environment Facility (GEF Project ID#9513); 

and the emerging Uganda Electricity Access Scale-up Project (EASP), a $482 million initiative 

funded by the World Bank Group (WBG Project ID#P166685).
 

EASP IMPLEMENTING AGENCIES KEY BENEFICIARY FINANCE AGENCY

Proposed Pilot Project Clients: Uganda Electricity Access Scale-up Project (EASP) 

MEC 4722 - Spring Semester 2021

Ministry of Energy 

and Mineral Development Ministry of Health



ÅFollowing established research 
protocols for healthcare facility 
electrification in the developing 
world. 

D.  RESEARCH METHODOLOGIES

Photo Credit: Vermont Technical College
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Lesson Plan Support

WEBSITE FEATURES

www.renewablenations.online

ÅLesson Plans for each step in 
the SEforALL protocol;

Å Individual lesson plan 
bibliographies;

ÅStakeholder information, 
including primary reference 
documents and contacts;

ÅSEforALL Protocol & Project 
Standards;

ÅAdditional third-party 
resources.   

HOME            TABLE OF CONTENTS           LESSON PLAN MGT           REGISTER FOR WEBINAR         CONTACT 

ς MEC 4722 RENEWABLE ENERGY CAPSTONE PROJECT ς

A Case Study in Work-Learning-Service to Support Healthcare Facility Electrification in the Developing World

TABLE OF CONTENTS

CAPSTONE LESSON PLANS

Lesson Plan Management

1.0. Stakeholder Consultation 4.0. Analysis

2.0. National Health Facility Mapping 5.0. Costing

3.0. Energy Needs Assessment 6.0. Implementation Strategy
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OBJECTIVES / OUTCOMES:

1. Coordinated approach 

2. Identify and prioritize health facilities 
for interventions

3. Detailed energy needs assessments 
following standardized audit tool 

4. Analyze individual and aggregated 
power needs and system 
specifications 

5. Costing models identifying Capital 
Expenditures (CapEx) and Operating 
Expenditures (OpEx) 

6. Implementation strategy, including 
long-term sustainability options 

Source: Sustainable Energy for All (SEforALL), Powering HealthςApproach (2020) (See Capstone Project Website, Section 2, Bibliography)  

Lifecycle Approach for Health Facility Electrification Intervention 
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Literature Review

Å National Government Audits

Å Peer-reviewed Publications

Å Case Studies

Å Donor Reports / Publications

Å Government Standards

Stakeholder Interviews

Å National Government Agencies

Å Donor Agencies

Å Commercial Solar Companies

Å Health Care Professionals

Å Civil Society Organizations

Applied Knowledge

Å Systems Integration

Å Simulation Modeling

Å Load Isolation
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SECTION 8.  ENERGY NEEDS ASSESSMENT

SECTION 9.  ENERGY SYSTEMS ANALYSIS

SECTION 1.  STAKEHOLDER CONSULTATION

ÅCoordinated approach: 

assess national-scale 

sectoral interest; facilitate 

data analyses for policy 

reform; monitor and 

evaluate implementation 

strategies and outcomes.

Photo Credit: Innovation Africa
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Environmental  & 
Social Framework

General Programme 
of Work (GPW13)

Source:World Health Organization (WHO) (See Capstone Project Website, Section 1, Bibliography, NAPHS)  

MEC 4722 - Spring Semester 2021

National Action Planning for Health Security (NAPHS)

Å Sustained, coordinated stakeholder engagement is required to achieve project 

sustainability and long-term national development objectives.
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Findings of the Office of the Auditor General, Republic of Uganda

MEC 4722 - Spring Semester 2021

Source:Office of the Auditor General, Republic of Uganda, Energy for Rural Transformation (ERT) Project Report (2014) (See Project Website: Section 6, Bibliography)

7.5.3.Inspection Report:Site visits conducted 
during the World Bank Mission in May/June 2014 
identified a high prevalence of dysfunctional solar 
PV systems due to vandalism and inadequate care 
by local authorities.

7.5.6.2.Delivery of defective Solar System and 
failure to deliver some of the Equipment: Defective 
parts were delivered by the contractors to some 
sites, and no effort was made to replace them. In 
some instances some parts were not delivered at all.

7.5.6.3. Security of the Solar Equipment:Installed 
PV systems were not secure at a number of sites, 
and as a result the equipment was vandalized and 
stolen. No efforts were made to replace the 
vandalized equipment, or to secure the remaining 
equipment.

7.5.6.4. Utilization of the Solar Systems:It was 
observed that some of the systems were not utilized 
to their optimum capacity due to non-functioning 
lamps, uninstalled solar panels, and systems that 
provide light for a few hours. In one extreme 
casethe system only worked after the lights had 
been switched off for about three days.

7.5.6.5. Negligence of Solar Installations by End 
Users:Failure by the end users to take care of the 
solar equipment could compromise the efficiency of 
the PV systems.At several sites facility staff were 
not carrying out basic cleaning, and maintenance of 
the solar systems. Battery boxes/cages were 
commonly loaded with heavy items, and at other PV 
installations wires were left exposed.
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Key Lessons Learned from Stakeholder Review Process 

MEC 4722 - Spring Semester 2021

Å Inspections: Site inspections by third-party 
stakeholders through all phases of project 
implementation from installation to operations 
and maintenance (O&M) are required to assure 
compliance to program standards.

Å Reliability: Systems design need to conform to 
the highest standards of performance reliability.

Å Security: Site security is required as a 
consideration of systems design and on-going 
O&M protocols, including reporting.

Å Reporting: Reporting mechanisms, including site 
condition reports and remote monitoring, need 
to be enforced throughout the project life-cycle 
from installation to decommissioning, to assure 
continued solar PV systems operations.

Å Performance Data: Data collection on systems 
performance and health services rendered need 
ǘƻ ōŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ŀǎ ŀ ά{ŜǊǾƛŎŜ 5ŜƭƛǾŜǊȅ ŀƴŘ 
!Ǿŀƛƭŀōƛƭƛǘȅ ƻŦ {ŜǊǾƛŎŜ LƳǇŀŎǘ wŜǇƻǊǘέ ƛƴ ƻǊŘŜǊ ǘƻ 
assess progress toward achieving national 
development objectives. 

Å Of a total of 1,554 Solar PV systems installed under the Uganda ERT Project 

(2009-2012), 604 systems (39%) were not operating in 2014. 
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Å24.5 million Ugandans (55.2%) 

are served by 3,938 healthcare 

facilities that lack access to 

electricity.

ÅIdentify and prioritize health 

facilities for electric power 

interventions.

SECTION 2.  NATIONAL HEALTH FACILITY MAPPING
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The Emerging Healthcare Electrification Crisis in Sub-Saharan Africa

Source:National Institutes of Health (NIH)

Geo-locator, Sub-Saharan Healthcare Facilities 

MEC 4722 - Spring Semester 2021

Å Total number of public healthcare 

facilities in Sub-Saharan Africa: 98,745

Å 60% (59,247 healthcare facilities) lack 

access to electricity
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Summary of Health Facilities by Levels of Care

MEC 4722 - Spring Semester 2021

Source:Ministry of Health (MoH) Republic of Uganda District Map

ÅLimited energy data of HC-level facilities: MOH/UNF (N=209) and MEMD 
(N=522). Current total HC-level II and III facilities: N=7,056. (MEMD)
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Site Selection for Case Study: Kigambo Health Center II

Kigambo HC II (Cluster of buildings at lower right, including several outbuildings and latrines)

Kigambo HC II
          (12-bed clinic)

Staff Housing
    (2 building; 5 units)

Kigambo HC II

Est. 2004, #Kyegegwa 07
Kyegegwa District 

50Wp PV System: 1kWh/day
We Care Solar Suitcase - 2014 

3.0kWp PV System: 11.7kWh/day 
Installed 2015-2016 

United Nations Foundation

Capstone Project Recommendation: 

3.3kWp: 

MEC 4722 - Spring Semester 2021

Source:United Nations Foundation, Health Facility Needs Assessment, Uganda Country Summary Report (2015)



https:/

MEC 4722 RENEWABLE ENERGY CAPSTONE PROJECT

Healthcare Facility Electrification in the Developing World

FN: 2021_MEC_4722 PAGE 27 OF 49

Revised SARA Survey for Healthcare Facility Electrification

Source:World Health Organization; Modern Energy Services for Health Facilities in Resource-Constrained Settings (See Capstone Project, Section 2, Lesson Plan)

MEC 4722 - Spring Semester 2021

ÅEmerging Energy Survey Standards



MEC 4722 RENEWABLE ENERGY CAPSTONE PROJECT

Healthcare Facility Electrification in the Developing WorldSECTION 3.  ENERGY NEEDS ASSESSMENT

ÅDetail energy needs assessments 

following standardized audit tool. 

Photo Credit: USAID, Powering Health
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SARA Assessment of Basic Equipment at HC-II Level-of-Care

Source:Ministry of Health;Uganda Services Availability and Readiness Report (2013), pg., 4 

MEC 4722 - Spring Semester 2021
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Energy for Health Services

Source: International Renewable Energy Agency (IRENA), adapted from World Health Organization (WHO)

MEC 4722 - Spring Semester 2021
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The Role of Energy in Healthcare Facilities

Source:PLOS ONE

ÅThe role of energy in health care should be empirically validated through tracking 
of indicators, detailed energy audits, qualitative and intervention studies. (PO)

MEC 4722 - Spring Semester 2021
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Powering Health: Energy Needs Assessment

Source:United States Agency for International Development (USAID); Powering Health: Electrification Options for Rural Health Centers (2009. est.), pg. 21 

MEC 4722 - Spring Semester 2021

ÅUganda lacks healthcare facility electrification standards within the Ministry of 
IŜŀƭǘƘ ϦIŜŀƭǘƘ CŀŎƛƭƛǘȅ !Ǿŀƛƭŀōƛƭƛǘȅ {ǘŀƴŘŀǊŘǎ CǊŀƳŜǿƻǊƪΦέ



Åanalyze individual and aggregated power 

needs and system specifications 

Photo Credit: United Nations Foundation

SECTION 4.  ENERGY NEEDS ANALYSIS


