
Energy harvest controls 
Advancing solar energy innovation to power  
health facility equipment 

Background

Enormous global effort and investment have gone into 
ensuring access to safe and effective vaccines, yet 
powering equipment that maintain the vaccine cold chain 
continues to be a challenge in health facilities in low- and 
middle-income countries, where many locations lack reliable 
grid electricity. However, solar energy is an increasingly 
available and affordable means of powering equipment 
essential for storing, delivering, and supplying vaccines in 
places where grid electricity is unavailable or unreliable. 
In addition, solar panels installed at facilities for powering 
vaccine refrigerators generate excess reliable power as a 
by-product. Energy harvest controls (EHC) provide a safe 
way to divert this unused power to address additional 
electricity needs to support health service delivery in low- 
and middle-income country health facilities.

Several solar direct drive (SDD) refrigerators with EHC, designed 
to operate using intermittent solar power, are commercially 
available and prequalified by the World Health Organization 
(WHO) Performance, Quality and Safety (PQS) team to 
support safe and effective immunization delivery. When SDD 
refrigerators are installed at health facilities with dedicated, 
appropriately sized solar panels, excess power is produced 
(Figure 1). In the past, WHO discouraged use of that energy 
for other purposes due to the potential risk that the vaccine 
refrigerator would receive inadequate power to maintain cold 
chain requirements, but WHO PQS has approved EHCs given 
that they prioritize the energy needed by the refrigerator. 

Evaluating EHC technology in health facilities

For more than 35 years, PATH has collaborated with 
a variety of international and in-country public-and 
private-sector stakeholders to advance novel cold chain 
equipment to safely and cost-effectively store and transport 
temperature-sensitive products—even in remote areas 
lacking consistent access to electricity.

In 2019 and 2020 in Senegal, PATH evaluated seven 
refrigerators with EHC systems from four manufacturers in 
collaboration with Sunny Day, LLC, the Solar Electric Light 
Fund, and partners from Senegal’s immunization program. 
Our multidisciplinary team from both Senegal and the United 
States included public health researchers, scientists, 
engineers, designers, and project managers. 

The evaluation asked the following key questions: 

• How much excess energy provided by the EHC was used 
at the health center and for what purposes?

• If the EHC failed, did the refrigerator continue to operate 
within the correct temperature range?

• Were the EHC systems acceptable to users?

We tested two types of EHC systems. In a basic system 
(Figure 2), the EHC and power port(s) are built into the 
refrigerator. The solar array sends power to the SDD 
refrigerator, and when excess power is available, the EHC 
turns on the ports to charge or operate other devices. 

FIGURE 1. Solar energy available for harvest over an idealized day. FIGURE 2. Diagram of a basic EHC. 

The curve represents energy produced by a photovoltaic array in one day. 
The yellow area represents the energy used by a tested refrigerator; the 
blue area is unused, potentially available energy.
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In a kit system (Figure 3), the solar array 
sends power to an external device 
with an EHC (the kit). Control logic in 
the kit determines how this power is 
directed, prioritizing the refrigerator 
when cooling is needed, and otherwise 
sending it to power other devices. The 
kits we tested included dedicated 
devices that are designed to work with 
the EHC, such as a battery in a safety 
enclosure, multiple power sockets, 
fans, and lights. The kits are designed 
for specific SDD refrigerators and must 
be wired properly at installation.

Input from health facility staff informed 
the additional equipment to be 
powered by the EHC system during 
evaluation, which included lighting, 
fans, mobile phones, power banks, battery chargers, 
otoscopes, and Doppler fetal heart rate monitors.

Evaluation findings 

In the evaluation in Senegal, only 2% to 30% of the excess 
energy available from solar panels was harvested by the 
EHC, leaving a significant amount of energy unharvested. 
Prior to the evaluation in Senegal, laboratory testing at PATH 
with unoptimized, initial prototypes showed that EHCs could 
deliver more than 55% of the generated solar energy—that 
would otherwise be wasted—to power other devices. 

Health care staff participating in the evaluation indicated 
that the EHC system benefitted their health facilities. One 
of the head nurses noted “The post is lighted, the staff can 
charge their phones on site, and they have a fetal Doppler to 
easily examine pregnant women and detect fetal suffering…
the headlamp helps a lot during the consultation[s] at night.” 
Another user reported that the community appreciated the 
improvement in services as a result of lighting availability at 
night, as it allowed improved visibility for patients and staff, 
and enabled providers to perform procedures that otherwise 
would have been delayed until sunlight was available.

Temperature data collected during the study provided 
evidence that the refrigerators performed well, maintaining 
safe temperatures for vaccine storage. Both the EHCs 
and refrigerators experienced malfunctions during the 
study, highlighting some areas where manufacturing 
improvements are needed and reinforcing the importance 
of having resources available for regular maintenance as 

well as troubleshooting and repairs. There was no evidence 
that the EHCs affected the refrigerator temperatures or 
caused any of the refrigerator malfunctions that occurred 
during the study.

Next steps for EHC system adoption

Several solar refrigerators with EHC systems have been 
approved by WHO PQS, which means that the equipment 
is available for countries to procure independently or 
purchase through the United Nations Children’s Fund 
Supply Catalogue. Gavi, the Vaccine Alliance, is considering 
inclusion of EHC-equipped solar refrigerators in future 
rounds of the Cold Chain Equipment Optimization Platform, a 
funding mechanism that helps countries purchase new cold 
chain technologies for their vaccine supply chains. 

Given that a significant amount of excess energy remained 
unharvested by the EHC systems in our evaluation, there are 
opportunities to improve the design and thereby increase the 
amount of energy available to users. Another opportunity is 
working with immunization programs to develop guidance on 
the types of equipment that should be powered by EHCs, and 
establishing training on devices to improve availability of 
services in remote health facilities.

Contact

For further information, contact Pat Lennon 
(plennon@path.org).

FIGURE 3. Diagram of a kit EHC.

mailto:plennon%40path.org?subject=

