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OPENING REMARKS:

Welcome.

At Vermont Tech students learn by doing. Our diverse faculty build
exceptional classroom instruction through harais, subjectspecific
experiences at unique facilities, such as oussage 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
+SNX¥2y(d ¢SOKQa O2YYAUGYSyd G2 aSNBDA
Patricia Moulton, President
Vermont Technical College
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Bachelor of Science in Renewable Energy

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

OUR GRADUATES PURSUE CAREERS |

A Systems design

A Systems field operations technologists
A Technical managers

A Renewable energy sales

A Renewable energy manufacturing

A Renewable energy project developers
A Energy consulting & management

A other related fields

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

MEC 4722 Spring Semester 2021
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CAPSTONE PROJECT TEAM:

Student Roster
Alex Bryan Adam Dalterio

Faculty Advisog

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

Jarrett Kneeland Samuel Stocks
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Devin Tingle Tyler Yeager

Client & Advisorg

Allan Baer
President & Chief Executive Officer
The Renewable Nations Institute
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WEBINAR AGENDA/ PRESENTERS:

1. STAKEHOLDER
CONSULTATION

INTRODUCTION CAPSTONE RESEARCH* CONCLUSION

2. NATIONAL

A. Introduction to Client 1. Stakeholder Consultation F. ConclusionQ&A vt ol
- John Kidder - Adam Dalterio - JohnKidder

B. Problem Statement . NationalHealth Facility Mapping G. Closing Remarks I
- Allan Baer - Tyler Yeager - Robert Allen ASSESSMENTS

) . ) - PatriciaMoulton
C. Project Objectives . Energy Needs Assessment
- Allan Baer - Samuel Stocks

4. ANALYSIS

D. Research Methodologies 4. Energy Analysis PART 2
- Devin Tingle - Alex Bryan

. Energy Systen@osts Open Discussion

- Jarrett Kneeland - JohnKidder

6.Implementation Strategy

6.
- Alex Bryan IMPLEMENTATION
STRATEGY

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

MEC 4722 Spring Semester 2021
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THE RENEWABLE NATIONS INSTITUTE =~ #SDGAction13739
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2 UNITED NATIONS
1998- 2001 2002- 2021 2002- 2021

BACKGROUND & EXPERIENCE:

CAPACITY BUILDING PROJECT ERGAL STEM EDUCATION RESEARCH

President's Million Solar Roofs United Nations Foundation (UNF) Global Challenge Award, University

Initiative United Nations Fund for International of Vermont

President's Council on Sustainable Development (UNFIP) Middle Schoolers Out to Save the

Development United Nations Development World, University of North Texas

Village Power 2000; Solar Lights for Programme (UNDP) Going Green (MOSOW), University
Africa e8 Network for Expertise on the of North Texas

U.S-Africa Energy Ministerial Global Environment (e8) iGlobe, Inc.; Massachusetts
Meeting Institute of Technology

http://www.renewablenations.us/abouwus.html
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B. PROBLEM STATEMENT

An estimated 1 billion people rely
on healthcare facilities that lack
access to electricity.

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

)
s
U

s —

World Health
Organization

Photo Credit: Innovation Africa
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A Developing countries lack access to technical assistance, human capacity building
and financing atcale to achieve universal health facility electrification.

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

Uganda (2007) \‘\@\) World Health

Tanzania (2006) > Orgamzatlon
Guyana (2004)

Sierra Leone (2012) - The World Health Organization (WHO)
Ghana (2002) estimates the total cost of electrifying
Nigeria (2011) healthcare facilities in the developing
Kenya (2010) world by 2030 at:

Zambia (2005)

Rwanda (2007) $ T
Ethiopia (2008) 2 . 7 tr I I I IO n
Namibia (2009)

Egypt (2004) \
SUSTAINABLE
Gambia, The (2004) | 0% ‘ | | ENERGY
0% 10% 20% 30% FORALL

SourceWorld Health Organization (WHO)
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C. CAPSTONE PROJECT OBJECTIVE
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CAPSTONE PROJECT OBJECTIVE: To demonstrate the efficatyeaf WmRervice to

provide costeffective, accurate and timely technical assistance, capacity building and decigion
support services for muksector stakeholders engaged in natict&lel healthcare facility
electrification project planning in the developing world.

YUNITED NATIONS
N\, FOUNDATION

UNITED NATIONS

N L7 \
2 S ENERGY

THE WORLD BANK ukKaid FORALL

IBRD « IDA | WORLD BANKGROUP from the British people
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Global Assessment of National Healthcare Facility Electrification Initiatives

Retrospective cases

Emerging cases

Philippines Uganda Zimbabwe
® ERTII (@) S4H

India Malawi Malawi,
(@ CReEDA (@ CeDP Tanzania, (§) SSMP
® SELCO Uganda

@ 1A

Kenya
KOSAP

West Africa
® ROGEP

Total Health Facilities Electrified: 3,022

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 (ERT522 health
facilities

7.Solar for Health, United Nations Development
Programme (S4H); 405 health facilities

SourceUnited Nations Foundation, Sustainable Energy folLabting impaaSustainable offyrid solar delivery models to power health and e duca®19)

MEC 4722 Spring Semester 2021
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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 Projectsl(ERAnd 3), a $176.4
million electrification initiative funded by the Global Environment Facility (GEF Project ID#P513)
and the emerging Uganda Electricity Access Sqaleroject (EASP), a $482 million initiative
funded by the World Bank Group (WBG Project ID#P166685).

Proposed Pilot Project Clients: Uganda Electricity Access Sgakeroject (EASP)

Ministry of Energy R o o THE WORLD BANK
and Mineral Development ; Ministry of Health IBRDIDA | worwp aANK cRoUP

EASP IMPLEMENTING AGENCIES KEY BENEFICIARY FINANCE AGENCY

MEC 4722 Spring Semester 2021
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Lesson Plan Support

TABLE OF CONTENTS LESSON PLAN MGT REGISTER FOR WEBINAR CONTACT WE BS ITE FEATUR ES

% A Lesson Plans for each step in
the SEforALL protocal;

RENEWABLE NATIONS
IMSTITUTE .
A Individual lesson plan

¢ MEC 4722 RENEWABLE ENERGY CAPSTONEPROJECT bibliographies;

A Case Study in WotlearningService to Support Healthcare Facility Electrification in the Developing World . .
A Stakeholder information,

including primary reference
TABLE OF CONTENTS documents and contacts;

CAPSTONE LES SEIMNS
A SEforALL Protocal & Project
LessorPlan Management Standards;
1.0.Stakeholder Consultation 4.0.Analysis
what b A Additional thirdparty
2.0.National Health Facility Mapping 5.0. Costing resources.

3.0. Energy Needs Assessment 6.0. Implementation Strategy

www.renewablenations.online

MEC 4722 Spring Semester 2021
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1. STAKEHOLDER
CONSULTATION

2. NATIONAL
HEALTH FACILITY
MAPPING

3. ENERGY NEEDS
ASSESSMENTS

4. ANALYSIS

6.
IMPLEMENTATION
STRATEGY
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SUSTAINABLE

ENERGY
OBJECTIVES / OUTCOMES: FORALL

. Coordinated approach

Lifecycle Approach for Health Facility Electrification Intervention \

. ldentify and prioritize health facilities 1. STAKEHOLDER
for interventions CONSULTATION SRS \y \\@/

. Detailed energy needs assessments

. . . %
following standardized audit tool UNITED NATIONS

. Analyze individual and aggregated R focllectsonsil < cose
power needs and system MAPPING

specifications ES |k'4 IA\ ID

. Costing models identifying Capital
Expenditures (CapEx) and Operating SENERGYNEEDS 6

Expenditures (OpEXx) ASSESSMENTS e
. Implementation strategy, including
longterm sustainability options THE WORLD BANK

IBRD « IDA | WORLD BANKGROUP

Source:Sustainable Energy for All (SEforALL), Powering idégltinoach (2020) (See Capstone Project Website, Section 2, Bibliography)
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Literature Review Stakeholder Interviews AppliedKnowledge
National Government Audits A National Government Agencies A Systems Integration
PeerreviewedPublications Donor Agencies A Simulation Modeling
Case Studies Commercial Solar Companies A Load Isolation
Donor Reports / Publications Health Care Professionals

Government Standards Civil Society Organizations

‘ \ Fom, UNITED NATIONS
s, FOUNDATION

—~—~—
UNITED NATIONS

ef
NN LA
@ - Zhs
THE WORLD BANK g@; ukaid

IBRD « IDA | WORLD BANKGROUP from the British people
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SECTION STAKEHOLDER CONSULTATION
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A Coordinated approach: , ” gf =
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reform; monitor a 4 =

evaluate implementation
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National Action Planning for Health Security (NAPHS)

* Review of existing capacity
assessments

+ Stakeholders analysis
+ SWOT analysis

+ Prioritization of areas of
action

+ Identification and prioriti-

zation of activities (matrix)

+ Monitoring and evaluation
+ Costing & mapping resources
+ Approval and endorsement

IMPLEMENTATION

+ Reprioritization for

implementation

+ Integrating into national

development planning

+ Monitoring, evaluation

and reporting

+ Periodic review and update

Situation analysis
of country context

Multisectoral steering group

SourceWorld Health Organization (WHO) (See Capstone Project Website, Section 1, Bibliography, NAPHS)

Plan implemented
M&E and reporting

THE WORLD BANK

IBRD « IDA | WORLD BANK GROUP

Environmental &
Social Framework

«f@ World Health

) - -

(K%Y Organization
General Programme
of Work (GPW13)

Ny
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1. STAKEHOLDER
CONSULTATION

A Sustained, coordinated stakeholder engagement is required to achieve prject
sustainability and longerm national development objectives.

MEC 4722 Spring Semester 2021
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Findings of the Office of the Auditor General, Republic of Uganda

1. STAKEHOLDER
7.5.3.Inspection ReportSitevisits conducted 7.5.6.4. Utilization of the Solar Systemi was CONSULTATION
during the World Bank Mission in May/June 2014 observed that some of the systems were not utilized
identified a high prevalence of dysfunctional solar to their optimum capacity due to nefunctioning
PV systems due to vandalism and inadequate care lamps, uninstalled solar panels, and systems that
by local authorities. provide light for a few hours. In one extreme

casethe system only worked after the lights had
7.5.6.2.Delivery of defective Solar System and been switched off for about three days.
failure to deliver some of the EquipmenDefective
parts were delivered by the contractors to some 7.5.6.5. Negligence of Solar Installations by End
sites, and no effort was made to replace them. In  UsersFailure by the end users to take care of the
some instances some parts were not delivered at allsolar equipment could compromise the efficiency of
the PV systemdt several sites facility staff were
7.5.6.3. Security of the Sol&quipment:Installed not carrying out basic cleaning, and maintenance of
PV systems were not secure at a number of sites, the solar systems. Battery boxes/cages were
and as a result the equipment was vandalized and commonly loaded with heavy items, and at other PV
stolen. No efforts were made to replace the installations wires were left exposed.
vandalized equipment, or to secure the remaining
equipment.

SourceOffice of the Auditor General, Republic of Uganda, Energy for Rural Transformation (ERT) Project Report (2014) (SebdfenjSetcthdn 6, Bibliography)

MEC 4722 Spring Semester 2021
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Key Lessons Learned from Stakeholder Review Process

1. STAKEHOLDER
A Inspections:Site inspections bihird-party A Reporting:Reporting mechanisms, including si CONSULTATION
stakeholders through all phases of project condition reports and remote monitoring, need
implementation from installation to operations to be enforced throughout the project lifeycle
and maintenance (O&M) are required to assure from installation to decommissioning, to assure

compliance to program standards. continued solar PV systems operations.

Reliability: Systems design need to conformto A Performance DataData collection on systems

the highest standards of performance reliability. performance and health services rendered need
G2 0SS AYyO2N12Z2N} GiSR Fa |

Security:Site security is required as a ' LAt loAfAGE 2F { SNDAOS

consideration of systems design and-going assess progress toward achieving national

0O&M protocals, including reporting. development objectives.

A Of atotal of 1,554 Solar PV systems installed under the Uganda ERT Project
(20092012), 604 systems (39%) were not operating in 2014.

MEC 4722 Spring Semester 2021




SECTION 2. NATIONHHALTH FACILITY MAPPING

1)

y A

~+ Aldentify and prioritize health
facilities for electric power
interventions.

A 24.5 million Ugandans (55.2%).
are served by 3,938 healthcare
facilities that lack access to
electricity.

Photo Credit: National Aeronautics and Space Agency (NASA)
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The Emerging Healthcare Electrification Crisis in-Saharan Africa

Geolocator, SubSaharan Healthcare Facilities

: A Total number of public healthcare
+ Hospa \ & : facilities in SukBbaharan Africa: 98,745

«  Non-hospital
[ | only hospitals data available

A 60% (59,247 healthcare facilities) lack

access to electricity

SourceNational Institutes of Health (NIH)

MEC 4722 Spring Semester 2021
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2. NATIONAL
HEALTH FACILITY
MAPPING
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Summary of Health Facilities by Levels of Care

2. NATIONAL
HEALTH FACILITY

p Il‘.
“ L‘ .{.H‘j 4 ] MAPPING
‘ 48.49% WAl : .

22.62% A1
6937 PR CLINIC

HEALTH FACILITIES
3.20% ETA]

LAV HOSPITAL

WJEEEN SPECIAL CLINICS

MINISTRY OF HEALTH

SourceMinistry of Health (MoH)

A Limited energy data of Higvel facilities;: MOH/UNF (N=209) and MEMD
(N=522). Current total H@vel Il and Il facilities: N=7,056. (MEMD)

MEC 4722 Spring Semester 2021
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Site Selection for Case Study: Kigambo Health Center |l

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

Kigambo HC |l
/ (12-bed clinic)

-~

oot
Staff Housing /
(2 building; 5 units)

KIGAMBO HEALTH CENTER - UGANDA ®

15KM FROM NEAREST POWER GRID

0°40'37.96" N 30°58'01.96" E elev 4091 ft

SourceUnited Nations Foundatiotjealth Facility Needs Assessment, Uganda Country Summary(Repo)yt

MEC 4722 Spring Semester 2021
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2. NATIONAL
HEALTH FACILITY
MAPPING

Kigambo HC 1I

Est. 2004, #Kyegegwa 07
Kyegegwa District

50Wp PV System: 1kWh/day
We Care Solar Suitcasg014

3.0kWp PV System: 11.7kWh/day
Installed 20152016
United Nations Foundation

Capstone Project Recommendation:
3.3kWp:
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Revised SARA Survey for Healthcare Facility Electrification

41X Which of the following devices are available at the health facility? | Total number Does the facility have sufficient 41X1 Which of the following devices are available at the health facility? | Total number | Does the facility have sufficient
ces

(Proposed | ¢ availabie, does the facility have sufficient power to run them of deitons Slacuiciy to rwn them? If available, does the facility have sufficient power to run them electricity to run them?
) | When necded during the day? S | Yes No additional | when needed during the day? avallable | o No

LIGHTING | CLINICAL MEDICAL DEVICES

01A | Number of rooms with ights Micro-nebulizer | |

GUEL UL ! : | 724 ongen concentar IE

01C | CFLIght bulbs | P

010 | Fluorescent ights (other than CFls)

01E light bulbs

OIF | Fsshights/portable slectric ntems/headlamps
| Kerosene lamps.

INFRASTRUCTURE

| el prones
Computer
Internet
{ Printer
VHF radio
Fan
[Evapocative cooler
Ak conditioner unit
| Space heater unit
Central ake ¢ g for faciiey
| Heating for l fcity
| Poedware
EHectric water pump

e e e s g A Emerging Energy Survey Standards

SourceWorld Health Organization; Modern Energy Services for Health Facilities in ReSonsteined Settings (See Capstone Profgsttion 2, Lesson Plan)

MEC 4722 Spring Semester 2021




SECTION 3. ENERGY NEEDS ASSESSMENT

A Detail energy needs assessments
following standardized audit tool.

Photo Credit: USAID, Powering Health
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Basic equipment

Tracer indicators

*  Adult scale = Stethoscope
* Child scale * Blood pressure apparatus
*  Thermometer * Light source

Percentage of facilities with basic equipment items available (N=209)

Stethoscope
Thermometer

Blood pressure apparatus
Adult scale

Child scale

Light source

Percent of facilities with all items

Mean availability of tracer items /Wm 7 ‘79%

0% 10% 20% 30% 40% 50% 60% 70% 80%
Percentage availability

SourceMinistry of HealthiUganda Services Availability and Readiness Report (2013), pg., 4

MEC 4722 Spring Semester 2021
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3. ENERGY NEEDS
ASSESSMENTS

¢
\
LS uOrganlzatlon

@v World Health

MINISTRY OF HEALTH
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Energy for Health Services

- Cold chain 3. ENERGY NEEDS
@@ | R E N A Type of - Neonatal intensive care ASSESSMENTS

International Renewable Energy Agency i .
World Health Services Functionality of medical devices

Organization Provided - Surgery
- Laboratory diagnostics

- Prolonged opening hours Availabilit Staff - Recruitment and training
- Wider range of services provided y EL |8 - Continued medical education

- Telemedicine and/or e-health S CAEEGH Y - Better staff morale

- General hygiene improved
- Better communication Logistics Health - Enhanced safety

- Improved records management & Admin & Safety - Staff and patient sense
of security and safety

Sourcelnternational Renewable Energy Agency (IRENA), adapted from World Health Organization (WHO)

MEC 4722 Spring Semester 2021




VERMONT
TECH

MEC 4722 RENEWABLE ENERGY CAPSTONE PROJECT

Healthcare Facility Electrification in the Developing World

The Role of Energy in Healthcare Facilities

Energy uses

Lighting* Medical devices*

+ Indoor lighting
+ Outdoor lighting
« Clinical activities

« Diagnostic devices
« Treatment devices

Water pumps* and
(waste)water treatment
technologies

« Piped water

« (Waste)water
treatment

IcT Refrigeration*

« (Mobile) phones

« Laptops, computers
« Internet connection

« E-Health technologies

« Absorption

« Hybrid

« Solar compression
« Compression

Outputs at facility level

+ Security

« Longer opening hours

« Night-time care

«+ Safe operations

+ Administrative
flexibility

« Advanced diagnostics
and treatments

« Functional improved
sanitation

« Safe water for drinking,
medical activites etc.

« Time-savings

« Advanced care
infrastructure

« Improved data
collection and
monitoring

« Increased education
and training

+ Safe medical
essentials

« (Safe) improved
nutrition

« Time-savings*

SourcePLOS ONE

Technologies for
disinfection and
sterilization* and HCWT

« Stoves

« Incinerators

« Heat systems

« Incinerators

» Mechanical processes

+ Safe HCW disposal
« Safe medical
equipment (re)use

HVAC*

« Stoves

« Ovens

« Fans

« Air conditioners

« Functional medical
equipment

« Improved indoor
temperature

« Improved air quality

Ny

RENEWABLE NATIONS
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Cooking facilities and
thermal water treatment

« Stoves
« Thermal water
technologies

« Safe food preparation
« Safe drinking-water
« Warm water

A The role of energy in health care should be empirically validated through tra
of indicators, detailed energy audits, qualitative and intervention studies. (P

MEC 4722 Spring Semester 2021
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Powering Health: Energy Needs Assessment

Category Il Health Clinic
Power and Energy Consumption

0
k!
3
=]
5
5
=
2
=1

Vaccine Refrigerator/Freezer

MEC 4722 RENEWABLE ENERGY CAPSTONE PROJECT

Healthcare Facility Electrification in the Developing World

C=AxB

E=CxD

F=E/1000

Power (Watts)

Total Watts

mga -‘(’)hoursl

kWh/day

60

120

720 - 1,440

0.72-1.44

Small Refrigerator (non-medical use)

300

1,500

1.5

Centrifuge

575

575

1,150

1.15

Hematology Mixer

28

28

56

0.056

Microscope

15

30

150

0.15

Lighting

15

300 - 450

0.3-0.45

Sterilizer Oven (Laboratory
Autoclave)

1,564

1.564

Incubator

1,600 - 9,600

1.6-9.6

Water Bath

2,000

2.0

Communication via VHF Radio

Stand-by

2

24

0.024

Transmitting

30

60 - 90

0.060 - 0.09

Desktop Computer

Power Save Mode

50-150

350 -1,050

0.35-1.05

In Use

150 - 450

750 -2,250

0.750 - 2.25

Printer

65

195

0.195

Total

4,744 - 5,159

10,569 -21,519

10.6-21.5

Energy Sector Management Assistance Program

s%/a HOMER
%“ Energy
" by UL

Ny
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3. ENERGY NEEDS
ASSESSMENTS

SourcelUnited States Agency for Intemational Development (USAID); Powering Health: Electrification Options for Rural Heal{R@Déntess), pg. 21

L G Af L

A Uganda lacks healthcare facility electrification standards within the Ministry ¢f

| SFfGK bl SIftO0K CIFOAfAGE oAt Al
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SECTION 4. ENERGY NEEDS ANALYSIS

Photo Credit: United Nations Foundation




