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Abstract: Solar cooking technology has been around for the better part of a century. However, there are
several challenges to its introduction as a viable complement or alternative to fuel-based cooking. When re-
viewing the outcomes of several projects we see that durability and price has been an issue. Other issues in-
clude the failure to provide adequate training, design for cultural compatibility and setting of appropriate
expectations. Solar cooking also has an image of being a “product for the poor” or (especially in developed
countries) a product for eccentric environmentalists and preppers. Multiple hurdles must be overcome if the
technology is to be consistently implemented long-term.

Building on the living standards model developed by Hans Rosling, we challenge the traditional approach.
We propose that a solar cooker or introduction project that intends to be successful over the long term must
account for the needs at all levels of living standards.

This approach to solar cooker design and introduction accounts for the dynamic nature of societies and the
living situations of the people within them. We build on the diffusion of innovation theory proposed by
Everett Roger, stating that people tend to follow opinion leaders. How and when opinion leaders take on an
innovation can determine how quickly it spreads in a community.

Our hypothesis is that this approach can result in a more positive image of solar cooking, ensure a broader
acceptance of the technology, establish the tangible and intangible infrastructures needed to ensure perma-
nent implementation of the technology and increase the success rate of humanitarian initiatives involving
solar cookers.

Although we see several advantages with this approach, we still have to be aware of the usual challenges
that appear when introducing new technology. Some of these challenges are cultural, while others are more
practical. Nevertheless, we will offer suggestions for dealing with them.
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1 INTRODUCTION

Solar cooking technology har been around for the better part of a century. It meets several of the Sustainable Devel-
opment Goals (SDG) from United Nations. In combination with other fuel-efficient cooking methods it has a clear-cut

role in reducing our environmental footprint.

These advantages have prompted individuals, NGOs and businesses to dedicate considerable time and resources to the
promotion and distribution of solar cooking technology. According to Solar Cookers International (SCI), several hun-
dred NGOs have promoted solar cooking in different ways over the past decades. Furthermore, more than 3.3 million
units have been distributed around the world!.

Despite these initiatives, it is difficult to find exemplary cases of successful long-term adoption of solar cooking tech-
nology in communities around the world. Neither are they actively encouraged by politicians [1]. This is especially
noticeable in rural parts of the global south where most of pro-solar cooking NGOs have executed their initiatives.
Why is this the case?

In this paper, we will therefore try to identify which of these scenarios is the most likely explanation for the striking
paucity of exemplary cases. We will then propose a process for designing and running solar cooking distribution
projects that may address the shortcomings of previous initiatives. In so doing, we wish to invite other members of the
solar cooking community to build on our work.

2 OBSTACLES TO SOLAR COOKING DIFFUSION

To better understand the nature of the obstacles facing the adoption of solar cooking technology, we conducted a brief
literature review. We looked for documentation regarding the long-term adoption of the technology and possible indi-
cators that could help assess the likelihood of success or failure.
We have define long-term adoption to mean:

e Regular use of the technology in a household situation as opposed to research centers or by outliers

and enthusiasts

e Use in normal/everyday situations as opposed to extreme situations (disasters, refugee camps, etc.)

e The technology is in continued use after the closure/exit of the original initiative

e The technology is diffused organically into the society after the closure/exit of the original initiative
This definition implies that we will go beyond indicators such as the frequency of solar cookers distributed.
After all, such an indicator tells us nothing about the sustainability of the initiative - or whether the solar
cookers are still in use. After all, if the solar cookers are no longer in use, the distribution would have essen-
tially been a waste of resources.
We chose Solar Cookers International’s (SCI) wiki as the starting point for our research, since they are the
largest organisation for solar cooking worldwide.
Ultimately, the data we found indicated that the obstacles to solar cooking adoption are more complex than a
single, simple explanation can address. Rather there exists a combination of issues that together create ob-
stacles to long-term adoption.
These issues can be boiled down to:

e Paucity of quality data that is both relevant and current
Short-termism and lack of financial sustainability in the initiative’s design
Ineffective communication strategies
Failure to consider and integrate local needs, culture and perspectives into the initiative’s strategy
Underuse of available leverage (influencers, gatekeepers, local ideology/religion, etc.) in initiatives

2.1 Observation 1- Paucity of quality data that is both relevant and current

One of the first things one notices about solar cooking is the difficulty of finding papers, research and documentation
at the academic level. At the time of writing this paper, a search in the Directory of Open Access Journals? for the ex-
act term “solar cooking” yielded only 5 papers. The same search in the Biefeld Academic Search Engine3 yielded 224

1 https://www.solarcookers.org/about/blog/33-million-solar-cookers-and-counting

2 https://doaj.org

3 https://www.base-search.net
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hits. A search using Google scholar4 yielded more results at 3740 hits reaching back to 1959 (though it should be not-
ed that a number of these are likely duplicate hits). For a technology that has existed since at least the 1950s, these are
strikingly low numbers!

The wiki maintained by SCI5 presents 38 evaluation reports of solar cooking technology and its distribution. What
stands out about this data is that a large amount is not current. Of the 38 evaluation reports, only 34% (13 reports) are
from within the last 10 years. Some of the organisations mentioned are no longer active or no longer working with
solar cooking technology.

The wiki has also gathered 16 “most significant solar cooking projects” [2]. Out of these 16, only 12.5% (2) specifi-
cally address the use of solar cookers in a household [3, 4]. The rest deal with solar cooking within the contexts of
natural disasters, refugee camps and general distribution projects.

Several of the listed projects focus on their work distributing solar cooking technology, but lack systematic evaluation
and follow-up studies that could be used to assess the project’s efficacy. Lacking such an evaluation or follow-up does
not seem to be unique to the projects listed on the SCI wiki. The same observation is echoed by Iessa a. 0. [5], in a
report that examines 32 solar cooking projects in sub-Saharan Africa. The author observes that “many articles show a
prosolution bias and there is a lack of methodologically sound impact studies.

2.2 Observation 2 - Short-termism and lack of financial sustainability in the initiative’s design

The vast majority of the projects listed on the SCI wiki are funded through donations, grants or a combination of the
two. Several of these projects have used the lion’s share of their funds to distribute solar cookers to the community for
free, not requiring anything in return. This meant that there wasn’t enough funding for replacement units or repairs. As
a result they returned to the initiative when their unit broke or reached end-of-life, expecting to get another unit for
free, only to be turned down. (Information received by author from email conversation.)

In addition to an inadequate budget, these projects failed to provide the recipients of the solar cooking technology with
adequate training to repair or reproduce their units [5]. Much as in the previous scenario, this risks the abandonment of
the donated technology. Such an outcome is both a waste of resources and undermines the credibility of solar cooking

more generally.

In contrast to the previous examples, some of the most successful projects in the wiki have operated as social enter-
prises , even if one of them was partially dependant on donations [6]. One of these was a restaurant. Another success-
ful program was an institutional kitchen in India serving 50 000 people per day. Unfortunately, the company is no
longer in business. One organisation have moved away from solar cooking and now focus more on improved efficien-
cy stoves [5].

In spite of their current development, these three enterprises have still demonstrated distinct success over
time. This implicates that sustainability of the project demands a sustainable financial strategy, such as that
of a social business.

2.3 Observation 3 - Ineffective communication strategies

MacClansy J. [7] describes many of the obstacles of solar cooking. At the end of his report, he makes an interesting
comment:

“There is, however, one last problem I wish to consider, and that is the image of solar cooking. For many people,
though seemingly very poor and with few apparent options, still wish to hang on to their sense of personal dignity, no
matter how constrained that might appear to us, affluent Westerners.

In rural Lesotho, many who consider buying a solar oven ask themselves, ‘What do white people do?’

‘Do I use a solar oven?’, they ask.”

Pia Otte [8] also observes that solar cooking among the poor is perceived as not being “cool”:

“As this leads to an image of solar cooking as a technology for ‘the poor’. It is not attractive to the intended target
group (who do not want to be seen as poor). In this context, people will be disinterested in solar cookers because of
the stigma associated with them. In short, solar cookers may prove unpopular if they are not regarded as a modern and
fashionable product™ [9]. The statements is used when referring to Narayanaswamy’s handbook ‘“Making most of the
sunshine” [10] “India is a country blessed with sunshine and for India's poorer people, the solar cooker would be a
godsend”.

4 https://scholar.google.com

3 https://solarcooking.fandom.com/wiki/Project_evaluations
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In the material on solar cooking that attempts to convey its benefits, the focus often lies on technical features of the
solar cooker itself and the specific benefits they may confer. It is as if the current communication style is predicated on
the information deficit model (the idea that simply conveying or explaining facts will enable the audience to under-
stand them). Until recently, STEM (Science, Technology, Engineering and Mathematics) subjects at universities in
western countries have approached public communication from the basis of the deficit model [11, 12]. This might ex-
plain why the technical style is so common in initiatives run by those with a scientific, engineering or mathematical
background.

The information deficit model is now regarded as outdated and fallacious, but it is still very persistent [13, 14]. To step
away from the deficit model we need to become more open to local cultures and perspectives - both at home and
abroad.

Perhaps the most critical takeaway here is what marketing expert Mark Earls refers to when he writes that “What peo-
ple say to each other is less important than what they do.”[15] We as solar cooks must embody the exemplary case
before we can expect others to do so. With our actions, we send a message that may be stronger than any words or per-
formance tests. In essence, we have to become the role models and promote solar cooking both abroad and at home.

2.4 Observation 4 - Failure to consider and integrate local needs, culture and perspectives into the initiative’s
strategy

Iessa a. 0. [5] observes that “local needs are often not sufficiently considered” and “existing cooking and fuelwood
practices are seen as obstacles.” This echoes MacClansy [7] and Otte [9]. Like them, Iessa a. 0. observes that

Some needs, such as the issue of cost do tend to be considered, but primarily from a scarcity mindset - that is, how can
we make the product cheaper, so the poor can afford it. However, the affordability issue is often one of the easier ones
to address - it takes some creative thinking and planning. Needs that are more affective, such as the need to maintain

one’s dignity or cultural values are more nebulous and may not be as readily addressed.

A failure to consider local needs. If the audience has traditionally always cooked indoors, it will be asking a lot to ex-
pect them to cook outside. If they have concerns that a solar cooker is less reliable than an improved cookstove [5,
16], those concerns can only be alleviated once we understand the audience’s perspective.

Moving forward demands that we actively consider and integrate local needs, culture and perspectives into our initia-
tive’s strategy. This will prove challenging. We must open our minds to and learn to work with cultures, world views
and values that are quite different and possibly even in conflict with our own. Fortunately, there are things we can do
to make the process far easier, which brings us to the topic of opinion leaders, influencers, gatekeepers, ideology and
religion.

2.5 Observation 5 - Underuse of social leverage

In every society there are people who hold formal and informal power. This is as true in a small rural community as it
is in the workplace. Although the formal leaders hold the political power, the informal leaders have enough influence
that they can sway which decisions are made and which ideas that are spread. Those who adopt new innovations early
and are able to get the rest of the community to do the same are known as opinion leaders.

Some of the opinion leaders may not belong to the specific community, but are very visible on social media or in the
regular media. They are known as influencers and are key to creating awareness and giving the new innovation credi-
bility. They essentially “make it cool.” In the solar cooking world, there are few such influencers, but they do exist.
Two of them are Faustine “Mama Solar” Wama and Pierre-André Aubert in France.

Such influencers and opinion leaders can be leveraged to spread and lend credibility to new innovations and ideas.
Some of the commercial solar cooking ventures, such as Gosun and One Earth Designs have been very good at lever-
aging influencers to increase their visibility. However, among the projects listed on the SCI wiki, these opinion leaders
and influencers do not appear to have been used very much. We can do better!

3 WHAT CAN WE LEARN FROM OTHER DISCIPLINES: DIFFUSION OF INNOVATIONS

There exists a plethora of literature on how innovations spread. One of the most influential is Everett Rogers’ diffusion
of innovation theory. It emphasises the role of Opinion Leaders in the diffusion of innovations [17]. According to
Rogers the S-shaped innovation adoption curve, see Fig 1, is partly defined by the time when opinion leaders adopt
the innovation. The earlier they do it, the faster diffusion will take place. In Fig 1 we can see the area “take-off”,
which is at the time where opinion leaders adopts the innovation.
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Everett Roger's innovation adoption curve
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Figure 7-1.  The bell-shaped frequency curve and the s-shaped cumulative
curve for an adopter distribution

Figure 1. Diffusion is the process by which an innovation is communicated through certain channels over time among the mem-
bers of a social system.

Some innovations will be adopted earlier than others, The “Take-Off” (“TIpping Point”) is highly dependant on opinion leaders.

A “tipping point” is achieved where enough adopters exist that the diffusion speeds up [18]. This point is suggested to
occur at 10-20 %, within the community [17]. This means it isn’t necessary to reach every individual in a community
to make an impact. Rather, it would be adequate to reach enough opinion leaders in a community to convince 10-20%
of the community to adopt the innovation.

4 CONSIDERING A MORE HOLISTIC VIEW: MODELLING A SOCIETY

Over the years, we have used different labels for the “rich” and “poor” countries of the world. We have used the terms
such as developed/undeveloped countries or Global South and Global North. The late Hans Rosling, Swedish profes-
sor of Global Health, taught us this is an outdated approach. He typically defines four levels of living standard [19]
that we can find in almost every country. Each level is characterised by a particular income range that allows for a cer-
tain standard of living. How the population is distributed between these levels varies from country to country. In the
below example the poorest live on less than 2 USD per day. However, the vast majority of the population is distributed
between income levels 2 and 3, living on 2-8 USD and 8-32 USD per day respectively.

0 000,00 G

Level1 2% Level2 8% Level3 32% Level 4

Daily income per person in USD, corrected for price differences.
Source: Gapminder

Figure 2. Population distribution over the four income levels.

Since these levels also exist in countries where solar cooking has the best chance of success, it is, indeed, a most use-
ful model. If we want to address the image that “solar cooking is only for poor people” we need to consider and in-

volve people at every living standard.
By doing so we also enlarge the market which will benefit every user regarding price, quality, accessibility etc.
We have chosen to use the four income levels described by Hans Rosling as the foundation of our societal model [19].

5 PROPOSED METHODOLOGY

Our proposed methodology incorporates Roslings four income levels into a social model that can be used to inform
both project planning and product/solution design.
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Figure 3. The project stages and its outcome

5.1 Stage 1 - Income Level Analysis

Any analysis will inform your planning and design process, but it is only as useful as the input. The Income Level
Analysis identifies two key elements that make up the income level:

* Mobility between levels in the target community/country

* The affective and technical characteristics of each level in the target community/country

Define the levels and mobility

In most societies, it is possible to move between income levels. However, this can be done in different ways. In the
below graphic, we can see that securing a job or starting a small business is a reliable way of moving from level 1 to
level 2 in this society. Obtaining a tertiary education, such as a university degree makes people eligible for better-paid
jobs in this society, giving them a pathway to the income level 3. Those who reach income level 4 in this society gain
their wealth through investment in medium and large businesses.

Job or small Tertiary
business education Investment

5l () ()
Walnln

Extreme poverty-€Vels and the mobility between them. gxtreme weatth

Figure 4. Moblity between income levels.

Technical and affective characteristics

According to Rosling, the living conditions and lifestyles within the same income levels are very similar across soci-
eties and countries. However, there are still cultural differences and local perspectives that we must understand before
we can develop a project solution. To understand the culture and perspectives, we need to consider affective factors.
These include what Otte [9] refers to as social factors, such as gender relations and motivations. For our analysis, it is
also beneficial to consider influence pathways, traditions, religion and needs and desires. Of course, we still need to
understand technical features of the income levels (average income, family size, education level, the local environ-
ment, climate, etc.).
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Figure 5. Some characteristics of the different income levels. There can be several more characteristics than these.

5.2 Stage 2 - Project planning and product development

Now that we have identified the key socioeconomic and cultural factors, we can develop a plan and a technical solu-
tion that is tailored to our target audience.
Providing specific project planning tools is outside the scope of this paper. There already exist many excellent meth-
ods and tools that are appropriate for project planning and product development. Some that are particularly human-
centric include:

» User experience (UX) and user interface (UI) design

* Journey planning (eg. customer journey mapping)

» Stakeholder mapping

* Personas
These tools are designed to help create a positive experience and encourage happy customers to become product am-
bassadors. However, if you prefer a different set of tools, they are fine, too. The important thing is that your plan:

* Has an appropriate budget

* Defines its performance indicators

* Considers how the technology could be used by households at each income level

+ Identifies design changes or upgrades that could make the technology attractive at all income levels

* Outline the team structure, including the local team members

* Accounts for the environmental features and climate of the target location

* Accounts for local cultural factors, audience needs and audience perspectives

* Considers the full lifecycle of any product you will (how do the users get the unit, what happens if it needs

maintenance and how will it be managed at end-of-life)

* Contains an exit strategy
Use the results of your analysis to inform your planning and design process. Finally, remember to test the project plan
in a made-up scenario to ensure you have a minimum viable product (MVP).

5.3 Stage 3 - Implementation, documentation and monitoring

Once the project plan is ready, it’s time to bring it into the wild.
There are a few things that need to be achieved in this step:
* Test the MVP
* Validate your model
+ Identify a viable value chain that includes both tangible and intangible infrastructure
» If it has not already been done - finalize the local team
* Connect with local key stakeholders, gatekeepers and influencers
If solar cookers are to be provided to the community a local value chain will be needed to provide service, parts,
knowledge, etc. Tangible infrastructure implies physical resources like factories, transport services and roads. Intangi-
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ble infrastructure implies non-physical resources, such as knowledge, connections and values. A sustainable value
chain requires both.

Having the initial members of the local team ready when you arrive will save a lot of trouble. It will help you get
started quickly. The local team will be in a better position to identify the local infrastructure that could make up a vi-
able value chain for solar cooker production and distribution. By having your team involved from the very beginning,
the exit or handover will be smoother and simpler when the time comes.

5.4 Stage 4 - Follow-up and exit/handover

The importance of documenting one’s exit/handover can not be overstated. It helps ensure any lessons learned can be
used to improve future projects. An well-organized handover/exit also reduces the chance of any negative environ-
mental impacts resulting from scrap materials, trash or abandoned solar cookers.
There are many options for exit strategies. Some examples of an exit strategy could be:

* Complete handover of the project to a local team/stakeholder/business

» Partial handover of the project to a local team/stakeholder/business

*  Winding up and closure of the project

» Pausing of the project
The authors encourage a handover process that involves the local team, stakeholder or business. Ideally, these team
members would have been part of the project from the outset. Assuming the necessary knowledge has been transferred
to the local team, the handover should require little more than winding down of activities, handing over resources and
packing anything that is to be returned with the project organizer.
It should be possible to follow up on the local team’s progress through email, chat or social media. They should con-
tinue to track the same performance indicators that were used in Step 3. This way, it will be possible to assess the
long-term impact of the project.
6 LIMITATIONS OF THIS PAPER

This paper has limited itself to those cases presented on the SCI wiki - and only the ones available in English. Since
other projects have been run - several of which were documented in languages other than English. There may thus be
both successes and failures that we have not considered due to not being aware of them.

Furthermore, our methodology is at an early stage and needs to be further refined in the field. The authors of this pa-
per wish to invite our fellow solar cooks to try out our concepts for themselves.

7 CONCLUSION

Solar cooking concerns everyone, because everyone has the potential to become a solar cook, though to varying de-
grees due to different conditions. Those of us who create technology also share a responsibility to set an example that
influences how the rest of the world perceives it.

Both diffusion theory and contemporary marketing theory state that how the target audience perceives the technology
is just as important to adoption as it’s price or practical utility. What stands out is it’s perceived return on investment,
it’s perceived relevance to the customer’s needs and desires and the perceived impact on the customer’s social status.
Our hypothesis thus becomes that if solar cooking technology is perceived as “technology for poor people”, this will
create an obstacle to adoption as significant as that of an excessive price or legal barrier. Yet, this aspect appears to
have been overlooked in several solar cooking diffusion projects, resulting in failure to secure adoption over the long
term.

Numerous solutions to this dilemma have been proposed - improve the technology with thermal storage or hybrid
technology and creative funding strategies. However, we propose a method for the full life of the distribution project
that better accounts for these intangibles, has the potential to set realistic expectations and change unfounded negative
preconceptions about the technology.
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