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How Can Solar Power Fit Into Healthcare

• Modular, Electrically Isolated Systems1-4

 Vaccine Refrigerators
 Communications Systems
 Autoclaves
 Emergency Lighting

• Incorporated into Existing Systems1-3

 Boilers
 Air Conditioning
 Laundries7

 Supplementary power generators
 Main power to small facilities

Presenter
Presentation Notes
Solar power. In an emergency situation, a healthcare facility cannot count on having access to power through the grid. While most facilities already have backup power generators, the bulk of them are diesel powered, and the lights go out once the fuel does. Although solar panels alone can’t power a larger facility, small facilities like health posts can run entirely on solar power with batteries, and many critical systems in a larger facility like a clinic or hospital can run independently from the facility’s power lines as modular, electrically isolated systems. For instance, communications systems and emergency lighting can run on solar power, keeping the facility in touch with its partners and literally keeping the lights on. Vaccine refrigerators can run without the danger of losing control of the temperature, and direct-solar autoclaves can be used to significantly reduce power consumption. Solar systems can also be incorporated into existing systems, like direct-solar collectors for heating water or solar PV systems to provide supplementary power to larger facilities, stretching out their diesel fuel supply for a while longer. .
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Solar Autoclaves: An Example Modular System
• Autoclave: a vessel capable of holding steam at high pressure 

insulated to maintain high internal temperature.
• Sterilizes medical and dental equipment

• Direct solar2,3:
 Low maintenance
 No batteries
 < $500

Presenter
Presentation Notes
An example of a modular, easy to deploy solar device are Autoclaves – pressurized steam chambers for sterilizing surgical, dental, and medical equipment – are necessary pieces of equipment that draw a lot of power. Electrical autoclaves, which themselves can be solar-battery powered, can be supplemented with inexpensive (<$500) direct solar autoclaves. These systems are reliable, durable, and pay for themselves quickly in energy savings.
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Vaccine Refrigerators: What’s at Stake

• Hospitals and clinics lost power and ran out of generator fuel 
following Hurricane Maria. 

• As of March, 2018, 11% of permanent health centers had no or 
limited grid power5.

• 150,000 – 200,000 publicly-owned vaccine doses were lost after 
Hurricane Maria – not including privately owned businesses

• Vaccines and other important biologic drugs like therapeutic 
antibodies must remain cold (2-8°C) in storage, insulin for storage 
longer than 28 days at room temperature.

• Loss of power / cooling  Loss of vaccines

Presenter
Presentation Notes
Hurricane Maria effectively demolished Puerto Rico’s power grid and cut off many roads, isolating communities. Much of this damage is still being repaired. Up to 200,000 publicly-owned vaccines were lost due to Hurricane Maria. This doesn’t include any data about doses owned by private ventures like privately owned hospitals, clinics or pharmacies like Walgreens or CVS that administer vaccines, so doses belonging to private CDTs are not included. These are losses that could have been avoided if vaccine refrigerators could have stayed on. While some protein drugs like insulin can stay at room temperature for extended periods of time, vaccines (and therapeutic antibodies) cannot. 
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Ensuring Vaccines Stay Cold Until Time of Use 

• Cold Chain: a supply chain that keeps cargo cool at all times, 
both during shipping and long-term storage6

 Must maintain temperature from manufacture to patient
 Storage in warehouses, pharmacies, and clinics

• Concerns in an Emergency4,6:  Power Efficiency, 
Ambient Conditions, Grid Power Access, Generators
 Refrigerators reduce temperature ~40°C

• Refer to the CDC Vaccine Storage Toolkit10

 https://www.cdc.gov/vaccines/hcp/admin/storage/toolkit/storage-handling-toolkit.pdf

Presenter
Presentation Notes
Temperature excursions risk the safety and efficacy of vaccines and other temperature-sensitive drugs, which is one of the motivating factors for the Cold Chain, a logistical methodology that ensures that temperature-sensitive cargo like vaccines stay cold from the point of manufacture to the point of use. In an emergency situation, the cold chain can be disrupted by the loss of power to refrigerators, loss of ice packs to keep vaccine dose cold in transit, or the room that the refrigerators are in reaching at temperature over 48°C, because most refrigerators used in medical facilities cannot keep their contents more than 40°C cooler than the surrounding conditions. 
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• Cold Rooms
• Refrigerated Trucks
• Cold Boxes
• Refrigerators
• Freezers
• Carriers
• Ice Packs

The Cold Chain

Presenter
Presentation Notes
Here’s a breakdown of the process of cold chain logistics. Temperatures are recorded daily in storage to ensure that the products remain cold in long-term storage. Trends in these records are analyzed for equipment performance, maintenance, and replacement purposes. After manufacture, the products are kept cold in refrigeration-equipped trucks and airplanes for long-distance (plant-to-warehouse, warehouse-to-regional storage) transfer and in cold boxes with ice-packs for short distance (regional storage – clinic, clinic – point of use event). Refrigerators are used for storage in place and freezers for ice packs. The items in the blue box are all equipment that can be supported by solar-powered equipment installed at medical warehouses, hospitals, and clinics. 
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Requirements of a Typical Solar Vaccine Refrigerator
• 1-4 kWh/day per 100 L volume, some less1,7

• Holdover Time systems with over 80 hours available
• 2 Types: Battery and Direct-Drive7

Presenter
Presentation Notes
On the WHO pre-qualified vaccine refrigerator and freezer list, you’ll find a few different types of refrigerator and freezer. Two factors you will find in the spec sheets they provide are the autonomy or holdover times, which can vary between a little under a day to well over 100 hours, but many systems with holdover times above 80 hours exist, and the energy storage mechanism. Battery-based systems send excess power to a battery that stores it for future use if needed, while direct-drive systems have no battery, but rather use excess power to cool down an ice bank – essentially working as a heat sink. They typically require 1-4 kWh/day per 100 L of volume although some consume less than 1 kWh/day. This is not a big concern in Puerto Rico, which receives 4.6 kwh/m2/day in November, the least-sunny month, and over 5 in most months. 
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Site-Specific Concerns
• Immediate Costs Hardware: Panels, batteries, inverters, wiring

 Installation
 Up-to-date refrigerators

• Long Term Costs
 Replacement Plans and Funding

• Site Suitability
 Roof or ground space for panels
 Insolation: How much energy from the sun is available (examples on next slide)
 Will high winds rip the panels off the roof? Can panels be removed, brought inside?
 Will there be modifications to the building? Will the modifications allow moisture in?
 Wiring complies with industry standards?

• Ambient Conditions
 Refrigerators can only bring temperature down by 40°C
 Will the storage room go over 48°C in a disaster?

 Is there backup power to the HVAC system to prevent this?

Presenter
Presentation Notes
In addition to the specifications for a piece of solar-powered equipment itself, and the costs associated with installation (parts, labor) it’s also necessary to take site-specific conditions into consideration. Whether there is sufficient unobstructed roof space available to install solar panels is a crucial question, as is the status of the building’s wiring.Ambient conditions also matter, as mentioned earlier: if the storage room goes over 48C, the refrigerator won’t be able to keep its contents below 8C. It’s necessary to ensure that the storage room stays below that maximum temperature during an emergency situation.
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Insolation Calculations: Puerto Rico

• Get Insolation Data from 
NASA POWER Data 
Access Viewer Link: Ref 9

 Insolation at a point or 
over an area

• Use this data to determine 
average daily insolation by 
month.

• use the average value for 
the least-insolated month

• In this example, November 
is the least-insolated month 
at 4.6 kWh/m2/day

Presenter
Presentation Notes
Use the NASA POWER Data Access Viewer for insolation to determine the solar energy incident on your target point or area. In this case, all of Puerto Rico including Culebra and Vieques were selected in the area view by drawing a rectangle around Puerto Rico. The solar energy > Insolation (All Sky) was used for a time period from Jan 1 2014 to Den 31 2017, averaging data over 3 years.All-sky insolation includes cloudy days and is always less than the Clear-Sky data that includes only sunny days. All-sky is more realistic but has higher variability. WHO recommends to use the mean daily insolation for the month with the least insolation to determine expected insolation. In this case, November is the least-insolated month with 4.6 kWh/m2/day. WHO-prequalified refrigerators are rated at an insolation of 3.5 kWh/m2/day, so there is more than enough insolation across Puerto Rico to rely on their data.Insolation is defined as the amount of solar energy per unit area per day that hits an area. It represents the maximum theoretical amount of solar power that can be collected from an area. 
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Thank You!
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