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Abstract 

Climate change is a global pressing concern that has affected all sectors, including the operations for 
Small and Medium Entreprises (SMEs) in developing countries, including Malawi. This has 
negatively affected the economies of scale, and exacerbated the SMEs’ growth. Nonetheless, 
renewable efficient energy (REE) systems, including solar and biogas, could help in building 
resilience to sustain their performance. In line with this, the study examined the factors that enhance 
the adoption of the renewable efficient energies, and constructed their resilience indices. Our study 
was grounded in the Diffusion of Innovation Theory and the Sustainable Livelihoods Framework. 
These theories guided the selection of variables to estimate a Multinomial Endogenous Switching 
Regression (MESR) econometric model, alongside estimating the absorptive, adaptive and 
transformative individual indices for 699 SMEs, using the 2019 Malawi Household Integrated Survey. 
The results from the MESR suggests that factors, such as access to credit, being male, access to 
education, access to capital sources, large profit share, bridging social capital and location among 
others, have a positive effect in influencing the adoption of renewable efficient systems. We simulated 
the adoption results, and found that SMEs who adopts REE increase their resilience by 87,3% and 
through the subsidy policy effect vulnerable SMEs who later adopts REE would shift their resilience 
by 0.169. Furthermore, the study found that transformative capacity plays the most important role in 
building long-term resilience for the SMEs. The study calls for polices, including establishing urban 
centers where SMEs can access information regarding REE and improving access to formal safety 
nets and capital sources beyond loan provisions. 

Keywords: small and medium enterprises; renewable energy; climate resilience; endogenous 
switching regression; Malawi 
 

1. Introduction 

Different global development agendas, including the Sustainable Development Goals (SDGs), 
recognizes the dual role of Small and Medium Enterprises (SMEs) in both contributing to and 
mitigating environmental challenges. Specifically, SDG 7 (Affordable and Clean Energy) and SDG 13 
(Climate Action) emphasizes the transition to sustainable energy systems to combat climate change. 
Furthermore, SDG 8 (Decent Work and Economic Growth) documents SMEs as engines for 
employment, innovation and sustainable economic development., particularly in developing 
economies [1], including Malawi. Notably in Malawi, SMEs form the backbone of the national 
economy, constituting the vast majority of businesses and serving as a primary source of livelihood. 
It is argued that SMEs contribute to household incomes and are sources of job creation, particularly 
for the large youth population entering the labour market. 
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It is within this context that the Malawian government has implemented various policies aimed 
at supporting the SME sector. The 2017 to 2022 Malawi Growth and Development Strategy (MGDS) 
III and the National Export Strategy (2021-2026) have identified SME development as a priority for 
economic transformation. Specifically, the government has established the Small and Medium 
Enterprises Development Institute (SMEDI) to provide business development services and has 
created a regulatory environment that facilitates SMEs formalisation and growth. It’s worth 
mentioning that many micro and small enterprises engaged in agricultural production, agro-
processing, and trade operating within the informal sector [2]. This includes smallholder farmers who 
sell surplus produce, as well as enterprises involved in value addition activities. Climate change is 
among the most global challenging issues with an ongoing need to fighting against climate change 
as well as building resilience to its impact [3].Globally, the urgency of addressing climate change has 
been emphasized by bodies like the Intergovernmental Panel on Climate Change (IPCC) and through 
international agreements such as the Paris Agreement. Empirical evidence suggests that the primary 
driver of climate change is the reliance on fossil fuels for energy, leading to high greenhouse gas 
emissions. In response, there is a global push for decarbonization through the adoption of renewable 
and efficient energy systems, including solar photovoltaic (PV) systems, hydroelectric power, 
biomass, and energy-efficient appliances like LED lighting. This energy transition is seen as essential 
for mitigating the long-term effects of climate change. 

The vulnerability based on a continuum of climate change effects, such as erratic rainfall 
paĴerns, rising temperatures, and an increased frequency of extreme weather events like droughts 
and floods directly disrupt their operations, supply chains, and productivity. Consequently, building 
the climate resilience of these SMEs, including their ability to anticipate, absorb, and recover from 
climate-related shocks, has become an urgent national priority. In this context, the adoption of 
renewable and efficient energy presents a significant opportunity to enhance SME resilience in 
Malawi. For instance, for an urban SME in Malawi, access to reliable solar power can ensure business 
continuity during grid outages caused by storms, power refrigerators for perishable goods, and 
reduce operational costs associated with expensive and polluting diesel generators. Similarly, 
energy-efficient appliances can lower electricity bills, and increasing the capital for business 
investment. 

Despite the benefits of these energy systems, there is a dearth of empirical evidence on the actual 
impact of these energy systems on SME climate resilience in the Malawian context. This study seeks 
to fill this gap by providing evidence from Malawi's main urban centres. The study makes a 
significant contribution across different areas. Specifically, the findings will enhance the 
understanding of SME owners on how adopting clean energy can safeguard their businesses. For 
scholars, it will contribute to the growing body of literature on climate resilience and sustainable 
development in Sub-Saharan Africa. Lastly, for Malawian policymakers and development agencies, 
this research will provide information regarding the design and targeting of policies and programs 
that promote renewable energy adoption as a strategic tool for strengthening the climate resilience of 
SMEs and ensuring their long-term contribution to the nation's economy. 

2. Theoretical Frameworks 

2.1. The Diffusion of Innovation Theory (DIT) 

This study considers the renewable and efficient energy systems as a new technological 
innovation that is adopted by the SMEs at different rates. Following ref [4], the rates are dependent 
on a range of social, individual and organisational factors or constructs, including location, time, cost, 
causal effect and the required action, among others. The Diffusion of Innovation theory, developed 
by ref [5] argues that the adoption and diffusion of a technological innovation happens in five 
categories, and these are innovators, early adopters, early majority, late majority and laggards. 
Furthermore, Rogers develops an S-Curve to highlight that the diffusion of technological innovation 
is based on relative advantage, compatibility, complexity, trialability, and observability of it. 
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It’s worth mentioning that Malawi’s SMEs are characterised by risk-takers, who are willing to 
initiate the investment in energy-efficient systems to increase their resilience. The willingness is 
unevenly distributed in rural or urban centres, where the laĴer comprises of owners aiming at 
reducing the omission of particulate maĴer and, let alone, reducing the operation costs of their 
businesses by using scalable and reliable power. Considering that most SMEs in Malawi are risk 
averse [6], the adoption of climate-resilient energy systems depends on whether the systems work 
reliably in Malawi’s context before investing in their enterprises. We retaliate that most Malawi’s 
SMEs are distributed in the informal sector, mostly driven by economic necessity or peer pressure 
[2]. Thus, their adoption happens after a majority has already adopted. These owners are likely to 
only adopt a proven technology once its costs have decreased, financing options are readily available, 
and its adoption has become a clear norm for business competitiveness and resilience in their 
community. Lastly, the study recognises that access to information is a barrier to some SMEs. 
Compounded by their resistance to change, other SMEs cannot adopt any renewable energy system. 

2.2. The DFID Sustainable Livelihoods Framework 

This study also leverages a modified version of the Sustainable Livelihoods Framework (SLF) 
[7] (Figure 1), to understand the drivers of adoption and how they interact to achieve the welfare 
effect with regard to climate change. The SLF provides a people-centric development lens to analyze 
how individuals and enterprises use their assets to pursue different livelihood strategies, ultimately 
achieving desired outcomes, particularly in the face of shocks and stressors like climate change [8]. 

 

Figure 1. Sustainable Livelihoods Framework. Source: Own construction. 

The SLF is premised on the ideology that a livelihood is dependent on the available SME’s assets 
(asset pentagon). Notably, these assets do not operate in isolation to enhance sustainable and resilient 
livelihoods. In our context, an SME is climate resilient after adopting a renewable and efficient energy 
system based on a continuum of assets, including human capital (education level, age, access to 
information, and access to extension services), social capital (bonding social capital, bridging social 
capital and access to informal safety nets), natural capital (soil quality, land size, total livestock unit 
(TLU)), physical capital (asset ownership, improved infrastructure and market availability) and 
financial capital (cash savings, income level, access to credit and access to formal safety nets). 

3. Materials and Methods 

3.1. Data Source and Study Area 

This research used secondary data extracted from 2019 Malawi Integrated Household Survey 
(IHS). This comprehensive survey is part of the World Bank’s living standards measurement, which 
captures social, economic, and environmental indicators, including poverty, income inequality, and 
climate change. The dataset also contains the enterprises which are conducted by the households 
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which were considered as the SMEs in this study. Malawi has 28 districts, and IHS uses a two-stage 
stratified sampling technique to select 18468 Enumeration Areas (EA) with an average household size 
of 215 per EA [9]. 

In this study, we purposively selected 3 districts, which are the main cities in Malawi. Figure 2 
indicates the study areas. The data is openly available at hĴps://doi.org/10.48529/mpyk-ds48 . By 
utilising a large dataset platform, the resilience findings of this study will be used to explore and/or 
complement other findings in their methodological and analytical contexts. 

 

Figure 2. Study areas. Source: Own construction. 

3.2. Analytical Tools and Methods 

3.2.1. Resilience Capacity Index (RCI) 

Resilience index will be used to estimate SMEs resilience indices in the first objective opted due 
to the method’s flexibility and multidimensional assessment. In literature, numerous methods of 
measuring resilience have been developed by different authors [10] and policy institutions like FAO 
and USAID. Ref [11] developed the Resilience Index Analysis and Measurement (RIMA) which 
measures resilience from four dimension and vis are: access to basic services, assets, social safety nets 
and adaptive capacity. Later in 2018, TANGO International modified the FAO (2016) four resilience 
dimensions into three dimensions namely absorptive, adaptive and transformative capacities. In this 
study, we adopt the TANGO approach to resilience, which captures the ability of different SMEs to 
withstand shocks from three dimensions. It’s worth noting that the RCI was constructed as a latent 
variable with dimensions containing multiple socio-economic indicators. Table 1 illustrates the 
categorisation of the latent variable, along with its indicators. 

We provide the specific definitions of the resilience constructs. Firstly, absorptive capacity is an 
ex-ante shock-coping mechanism. Specifically, it aims at minimising the SMEs' exposure to shocks 
and minimising its impacts when they occur. Results from other scholars [10,12,13] suggest that social 
capital, cash savings and asset accumulation are critical to improve SMEs' resilience. Secondly, 
adaptive capacity refers to the systematic ability of an SME to cope up with the shock when it occurs. 
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Different authors [14,15] have emphasized that the ability to adapt is dependent on factors such as 
their level of infrastructure development, access to information, bridging social capital and other 
socio-economic indicators such as education level. Lastly, transformative capacity is a systematic 
approach to recover from a shock occurrence, and get back to improved well-being [16,17]. From an 
SME perspective, this implies leveraging government structures/mechanisms, local and international 
markets, access to credit and different extension services 

Table 1. Detailed categorisation of the constructs for RCI. 

Dimension    

Indicator   

Measurement  Expected 

Influence 

on resilience  

 Reference 

Absorptive 

capacity  

 

 

 

 

 

Bonding  social  

capital   

0=No, 1=Yes  

 

+  

[15] 

Asset 

ownership  

0=No, 1=Yes  +  

[18] 

Cash savings   0=No, 1=Yes  +  
 [10] 

 

Access to safety  

nets   

0=No, 1=Yes  +  
[19]  

Soil quality   0=poor, 1=good  +  

[20,21]  

Livestock 

ownership   

0=No, 1=Yes  +  [22] 

 

Income level   Continuous  +  
[19]  

Adaptive 

capacity   

 

 

 

 

 

 Bridging 

 social  

capital   

 0=No, 1=Yes  +  

[15,23]  

Access 

information  

t

o 

0=No, 1=Yes  +  
 [24]  

Improved  

infrastructur

e   

 0=No, 1=Yes  +  

[25]  

Gender    0=Male,  

1=Female  

+  

[26] 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 March 2026 doi:10.20944/preprints202603.1831.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.1831.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 20 

 

Education    0=No, 1=Yes  +  
 [27] 

 

Age    Continuous  +  

[28]  

Transformative 

capacity   

 

 

 

 

Market  

availability   

 0=No, 1=Yes  +   [29] 

 

Access  

extension 

services  

t

o 

 

0=No, 1=Yes  +  
 [30] 

 

Access to credit   0=No, 1=Yes  +  

 [19,31] 

Land size  0=No, 1=Yes  +  
[32]  

Access to formal 

safety nets   

0=No, 1=Yes  +  [19] 

 

Source: Author’s compilation. 

Mathematically, the index is expressed as follows in relation to the dimensions in equation 1: 
 (1) ݅݁ + ݅ܥܶܥܶݓ + ݅ܥܤܣܥܤܣݓ + ݅ܥܣܥܣݓ = ݅ܫܴܥ
 ,are adaptive capacity, absorptive capacity and transformative capacity ݅ܥܶ ,݅ܥܤܣ ,݅ܥܣ

respectively for ݅ ݁ are the weights for the dimensions and ܥܶݓ ݋ݐ ܥܣݓ .ℎ SMEݐ ݅ is the error term. Further, 
the resilience capacity index is then estimated using a data reduction strategy called Factor Analysis, 
together with Kaiser’s rule of eigenvalue greater than one. It’s worth mentioning that factor analysis 
is conducted on each dimension. The overall RCI is then re-scaled using the min-max procedure as 
indicated in equation 2; 

Factor Index (0 – 100) = (୊ୟୡ୲୭୰ ୍୬ୢୣ୶ି୑୧୬) 
(୑ୟ୶ି୑୧୬)

      (2) 

3.2.2. Estimating Factors Influencing Adoption of REE 

To assess the factor that influence the adoption of renewable and efficient energy, a binary 
outlook has to be employed with a clear view between adopters and non-adopters [33]. Therefore, a 
probit model (equation 3) was expressed as follows according to ref [34]: 

 
∗௜ܧܧܴ  = ߚ ௜ܺ + ௜ܼܧߜ +  ௜    (3)ߝ

௜ܧܧܴ = ൝
∗௜ܧܧܴ ݂݅ 1 > 0

 
∗௜ܧܧܴ ݂݅ 0 ≤ 0

 

 is the latent variable indexing SME’s adoption of renewable and efficient energy systems ∗݅ܧܧܴ
and equals 1 if the SME adopts a particular system and 0 otherwise; ܺ݅ is a vector of both 
socioeconomic and institutional factors; ߚ are parameters to be estimated; and ݅ߝ is the stochastic error 
term. 

We recognise that probit coefficients are not directly interpretable. Thus, marginal effects were 
computed for quantitative explanation. The marginal effects were computed using equation 

 ப௉(ଢ଼୧ୀଵ| ଡ଼୧)
பଡ଼୧୩

 = ϕ(ܺ݅ߚ)(4)       ݇ߚ 
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where ߶ is the standard normal density function. 

3.2.3. Assessing the Impact of REE on Climate Resilience Among SMEs’ Business Continuity 

The study uses a Multinomial Endogenous Switching Regression(MESR) model to evaluate the 
impacts of renewable and efficient energy systems on climate resilience for SMEs' business continuity. 
The model is opted as a beĴer approach to look at the effect of an intervention by comparing outcome 
variables between samples of intervention, while accounting for selection bias [35]. The model has 
two stages, such that the first stage is a selection model using multinomial logistic regression, and 
Inverse Mill ratio (IMR) is also estimated to be used in the next stage. Equation 5 shows how the 
Multinomial logistic regression is expressed in the study: 

௜ܲ௠ = Pr(ݕ௜௠ = (ூܧܧܴ = ୣ୶୮ (х೔ఊ೘)
∑ ୣ୶୮ (х೔ఊ೘)೘
೙సభ

  (5) 

Equation 5 is the probability of an ith SME given a number of covariates (х݅) adopting a 
renewable and efficient energy system (REE), assuming ݅ߝ shows non-normality of the values. 

The second stage of the MESR model is the regime stage, where the relationship between the 
outcome variable and exogenous variable is estimated for each REE regime. IMR predicted in the first 
stage is incorporated to correct for bias and inconsistent estimates and the expression is presented as 
follows (equation 6): 

൞

Ү௜ଵ :1 ݁݉݅݃݁ݎ = ௜ܺߛଵ + ଵߣଵߪ   + ݁௜ଵ  ݂݅ ܶ = 1
…
…

:ܯ ݁݉݅݃݁ݎ Ү௜௠ = ௜ܺߛ௠ + ௠ߣ௠ߪ  + ݁௜௠ ݂݅ ܶ = ܯ

 (6) 

with regime 1 as a benchmark for no adoption. ݉ߪ denotes the covariance between the ݁݅݉ and 
 is the Inverse Mills Ratio (IMR). The estimations calculated then provide the treatment 1ߣ while ݉݅ߝ
effects that help in estimating of the impact of REE by comparing the expected value of the outcome 
variables between the adopters and non-adopters. ATE is calculated in two ways. An Average 
Treatment Effect on the Treated (equation 7) and an Average Treatment Effect on the Untreated 
(equation 8). 

The expressions are respectively presented as follows; 
 (7) (݉݅ߣ ;݉݅ܺ ;ܯ = ܷ |Ү݅݉ ) = ܧ − (݉݅ߣ ;݉݅ܺ ;ܯ = ܷ |Ү݅1 ) = ܧ = ܶܶܣ
 (8) (1݅ߣ ;Ү݅1| ܷ = 1; ܺ݅1 ) = ܧ − (1݅ߣ ;Ү݅݉| ܷ = 1; ܺ݅1 ) = ܧ = ܷܶܣ
Further the study simulates a policy treatment effect under the same resilience impact by 

understanding the change that would be present if removal financial barriers would have an effect 
on SMEs outcomes. The model is further specified in equation 9; 

PTE = P(U=1)*{ܧ = ( Ү݅݉| ܷ = 1; ܺ݅1; 1݅ߣ) − ܧ = ( Ү݅1| ܷ = 1; ܺ݅1; 1݅ߣ)} (9) 
From the equation, P(U=1) is the population of the untreated, weighting the effect by eligible 

group for aggregate policy relevance. From the study those excluded from formal credits are 
prioritized from the untreated group. 

4. Results and Discussion 

4.1. Descriptive Statistics 

Table 2 presents the descriptive statistics for SMEs in Malawi's main urban areas, with 699 
observations across the variables. Table 2 reports that most SMEs benefit from improved 
infrastructure (84%) and increased business asset ownership (96%). The improvement underscores 
the significance in benefits for sectors such as the energy sector as well as asset ownership 
highlighting a reduction in income disparity. However, bonding social capital is low with only 1% of 
the SMEs acknowledging it, constraining resilience during shocks. Regarding cash savings, 37% of 
the SMEs have them, indicating limited liquid buffers. Bridging social capital is also scarce (5%) 
hindering growth that would be ensured via external resources, access to information stands at 17% 
and livestock ownership is minimal (13%) among the SMEs. Notably, males dominate as owners at 
54% compared to females at 46%, and access to education is prevalent for 32% of the SMEs owners. 
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Table 2 also show that access to credit is done by 46% of the SMEs, 18% have access to extension 
services, 5% receive formal safety nets and soil quality is good for 56% while poor for 44% of the 
SMEs. Lastly, informal safety nets are rare, and are received by 7% of the SMEs. 

Table 2. Descriptive statistics for the study variables. 

Variable  Frequency (n = 699 ) Percent (% ) 

Improved infrastructure      

No 112  16.02  

Yes 587  83.98  

Asset ownership      

no  31  4.43  

yes  668  95.57  

Bonding social capital      

no  689  98.57  

yes  10  1.43  

Bridging social capital      

no  666  95.28  

yes  33  4.72  

Access to information      

 no  578  82.69  

yes  121  17.31  

Access to formal safety nets      

no  663  94.85  

yes  36  5.15  

Access to credit      

 No  375  53.65  

Yes  324  46.35  

Access to extension service      

no  575  82.26  

yes  124  17.74  

Livestock ownership      

no  613  87.70  

yes  86  12.30  

Cash savings      

 no  437  62.52  
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 yes  262  37.48  

Soil quality      

 good  389  55.65  

 poor  310  44.35  

Gender      

 female  323  46.21  

 male  376  53.79  

Education      

no  474  67.81  

yes  225  32.19  

Informal safety nets      

 No  651  93.13  

 Yes  48  6.87  

4.2. Dimensions for the Resilience Index 

a. Absorptive Capacity 

In this study, the absorptive capacity latent variable dimension was measured using indicators 
such as bonding social capital, asset ownership, cash savings, access to informal safety nets, soil 
quality, total livestock unit and income level by the owners of the SMEs. Notably, most of the 
uniqueness values presented in Table 3 are <0.6 indicating a high shared variance to the total variance 
in the latent variation. Regarding factor analysis, the study conducted a BartleĴ’s test of Sphericity 
and a KMO to validate the variable’s factor analysis. The significance of the BartleĴ’s test of sphericity 
(p < 0.000) confirms that the variables were suitable for factor analysis. Again, the KMO measure for 
sampling was 0.5257 which is greater than an accepted threshold value of 0.5 [35]. 

Table 3. Factor loadings for absorptive capacity. 

Variable  Factor1  Factor2  Uniqueness   

Bonding social capital   0.3723  0.1363  0.3061  

Asset ownership   0.1065  0.2130  0.4807  

Cash savings  0.5951  -0.5953  0.2915   

Access to informal safety nets  -0.3440  0.5149  0.6166   

Soil quality  0.7524  -0.0465  0.4317   

Total livestock unit  0.3552  0.5907  0.5249   

Income level  0.5409  0.6592  0.2729   

Source: Author’s Construction. 

Notes: 
1. BartleĴ test of sphericity: ߯2 = 42.17; p-value = 0.0000 
1. KMO measure of sampling adequacy = 0.5257 
1. Determinant of the correlation matrix = 0.6366 
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It’s imperative to note that most of the factor loading among the variables are positive, with soil 
quality and cash savings having the highest and second highest factors, respectively. Only access to 
informal safety nets have a negative loading. This suggests that as the SMEs access to informal safety 
nets decreases, their resilience to shocks also decreases. The findings presented in Table 3 are 
consistent with literature [36,37] regarding absorbing shocks for maintaining SME’s resilience. 

After performing factor analysis, the study used the rotate command in Stata 17 to obtain the 
orthogonal varimax rotation of the factors [38]. This was done to determine the determinant of the 
correlation matrix and extract the weights to be used when estimating the absorptive capacity index 
which are specified in 

Absorptive capacity = 
଴.ଶ଼଻ଶ∗ி௔௖௧௢௥ ଵ ା ଴.ଶ଼ହଶ∗ி௔௖௧௢௥ ଶ

ଶ
 (10) 

a. Adaptive Capacity 

The second latent variable was adaptive capacity. In this study, it was measured using bridging 
social capital, access to information, availability of improved factors, and social economic indicators 
for the SME owner such as age, gender and education level. The results for adaptive capacity are 
presented in Table 4. Specifically, Table 4 indicates that the variable’s uniqueness values are below 
0.6 suggesting a good contribution to the total variance in the latent variable. Again, the factor 
loadings for most indicators were positive excluding gender and education access of the SME owner. 
The negative loadings on gender suggest that the ability to be resilient to climatic shocks decreases 
with female owners. Similarly, the resilience capacity decreases with limited education capacity. Our 
findings are in line with other scholars [39,40] who have argued that entrepreneurship activities 
conducted by women are more susceptible to vulnerability, particularly due to differences in resource 
endowments. 

Table 4. Factor loadings for adaptive capacity. 

Variable  Factor1  Factor2  Uniqueness   

Bridging social capital  0.0431  0.7560  0.4266   

Access to information  0.6271  -0.1367  0.5881   

Improved infrastructure  0.5521  0.2041  0.5635   

Age  0.6945  0.0002  0.5177   

Gender  -0.0651  0.6828  0.5295   

Education level  -0.0230  0.2619  0.3909   

Source: Author construction. 

1. Bartlett test of sphericity: ߯2 = 42.74; p – value = 0.0002 
2. KMO measure of sampling adequacy = 0.5428 
3. Determinant of the correlation matrix = 0.9340 

It’s worth mentioning that the variables were ideal for factor analysis as indicated by the 
significance of the BartleĴ’s test of sphericity (p < 0.05). Furthermore, the KMO value of 0.5428 (above 
the accepted threshold of > 0.5) indicates that, as far as much could be done on the variables, they are 
suitable for factor analysis. Using the orthogonal varimax rotation technique, the study determined 
the coefficient of the correlation matrix and the weights to be used when computing the adaptive 
capacity index. Again, two factors were retained, and this is indicated in equation 11 

Adaptive capacity = 
଴.ଵଽ଼ସ∗ி௔௖௧௢௥ ଵ ା ଴.ଵଽଷଽ∗ி௔௖௧௢௥ ଶ 

ଷ
 (11) 
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a. Transformative Capacity 

The third latent variable was transformative capacity. This was measured by indicators that 
potentially, can bring back the well-being of an SME after a shock occurrence. Indicators such as 
market availability, access to extension services, access to credit, land size and access to formal safety 
nets (government, private sector and NGOs) were used. The findings are presented in Table 5. 
Notably, the uniqueness values presented in Table 5 are below 0.6. This indicates that all variables 
have a significant contribution to the overall variance in the latent variable. Regarding the factor 
loadings, the variable with highest factor loadings was land size indicating the significance of land to 
improve resilience to the climatic shocks. Our findings support previous research findings [21] on the 
significance of structured business property to withstand and enable SMEs to bounce back to good 
wellbeing. 

Table 5. Factor loadings for transformative capacity. 

Variable  Factor1  Factor2  Uniqueness   

Market availability  0.0930  0.5552  0.5831   

Access to extension services  0.3552  0.5686  0.5506   

Access to credit  0.7048  -0.1891  0.4676   

Land size  -0.7382  -0.1182  0.4411 

Access to formal safety nets  0.2320  -0.7002  0.4559  

Source: Author’s construction. 

Notes: 

1. Bartlett test of sphericity: ߯2 = 49.57; p – value = 0.0000 
2. KMO measure of sampling adequacy = 0.5226 
3. Determinant of the correlation matrix = 0.8791 

It’s worth mentioning that the indicators were assessed if they are valid for factor analysis using 
the BartleĴ test of sphericity and KMO measure of sampling adequacy. Both assessment tools 
positively ascertained the variables validity as indicated in Table 5. Specifically, the sphericity test 
was significant, and the KMO was 0.5226, which is above the accepted value of 0.5. The study also 
rotated the factor loadings to determine the weights for the transformative capacity index and the 
coefficient of the correlation matrix. The weights are indicated in equation 12 and the coefficient of 
the correlation matrix is presented in Table 5 

Transformative capacity = 
଴.ଶସ଺ଵ ∗ ி௔௖௧௢௥ ଵ ା ଴.ଶଷସଷ∗ ி௔௖௧௢௥ ଶ 

ଶ
 (12) 

a. Overall Resilience Capacity 

In this study, the overall resilience capacity for the SME’s was computed through the 
aggregation process. Specifically, factor analysis was conducted on each of the individual indices 
which included the BartleĴ’s test of sphericity and the KMO measure of sampling adequacy. As 
presented in Table 6, the variables were correlated, and suitable for factor analysis. Again, the 
determinant of correlation matrix was found to be 0.9294 suggesting no multicollinearity problems. 
Notably, the uniqueness values presented in the table indicate that transformative capacity explains 
over 90% of the variance in the overall SME’s resilience capacity. This finding has policy 
recommendations related to provision and availability of markets, increased access to credit and 
increased access to extension services. 
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Table 6. Factor loadings for overall resilience capacity. 

Variable  Factor 1  Factor 2  Uniqueness   

Absorptive capacity  0.8150  0.0435  0.3338   

Adaptive capacity   0.7084  -0.4854  0.2626   

Transformative capacity  0.3487  0.8847  0.0958   

Source: Author’s construction. 

Notes: 

1. Bartlett test of Sphericity: ߯2= 8.01, p – value = 0.0459 
2. KMO sampling measure of adequacy = 0.5147 
3. Determinant of correlation matrix = 0.9294 

Our findings are consistent with the Resilience Networks Framework developed by Folke, (2016) 
and Folke et al., (2010). The developers indicate that transformative capacity is a bounce forward 
determiner in environments where climatic shocks re-occur periodically, as it is the case in Malawi. 
Again, the transformative capacity is a long-term systematic strategy for the SME’s to be able to 
absorb, adapt and efficiently become resilient to future shocks and avoid lock-in, similarly echoed by 
Esposito (2025) and Kahveci et al. (2025) 

4.3. Factors Influencing Adoption of Renewable Efficient Energy 

Worthy to note that, the study uses both CMP and the standard probit command in its analytical 
framework. Much as the analytical specification is the same, the standard probit command mostly 
stuck in non-concave regions, where the data has lower variation or has multiple dummy variables. 
Alternatively, the CMP is a fix that essentially samples the normal distribution, and flexible towards 
the data limitations. In detail, the study has 13 dummies and also with some variables i.e., safety nets, 
social capital which has low variation. Nonetheless, for transparency, the study reports both CMP 
and standard probit command (Table 7). 

Table 7. Factors Influencing adoption of renewable efficient energy. 

 Coefficient (CMP) Marginal effect (CMP) Marginal effect 

(Probit) 

Credit access (yes) 0.080** 0.037** 0.022** 

 (0.010) (0.001) (0.010) 

    

Gender (female) -0.459** -0.211*** -0.127*** 

 (0.010) (0.000) (0.000) 

    

Education (yes) 0.022*** 0.010*** 0.006*** 

 (0.000) (0.000) (0.000) 

    

Household size  -0.007*** -0.003*** -0.002*** 

 (0.000) (0.000) (0.000) 

    

SME manager (yes) 0.112** 0.052** 0.031*** 

 (0.010) (0.010) (0.000) 
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Profit share 0.081*** 0.037*** 0.022*** 

 (0.000) (0.000) (0.000) 

    

Access to capital source (yes) 0.086*** 0.040*** 0.024*** 

 (0.000) (0.000) (0.000) 

    

Location (urban) 0.015*** 0.007*** 0.004*** 

 (0.000) (0.000) (0.000) 

    

Age 0.003*** 0.001*** 0.001*** 

 (0.000) (0.000) (0.000) 

    

Asset ownership (yes) 0.075** 0.035** 0.021*** 

 (0.010) (0.010) (0.000) 

    

Bonding social capital (no) -0.895** -0.412** -0.247** 

 (0.030) (0.020) (0.010) 

    

Bridging social capital (yes) 0.658** 0.303** 0.182*** 

 (0.020) (0.010) (0.000) 

    

Access to information (yes) 0.207** 0.095*** 0.057*** 

 (0.010) (0.000) (0.000) 

    

Access to safety nets (yes) 0.097** 0.044** 0.027*** 

 (0.020) (0.010) (0.000) 

    

Access to extension service 

(yes) 

0.121** 0.056*** 0.033*** 

 (0.010) (0.000) (0.000) 

    

Informal safety nets (yes) -0.471** -0.217** -0.130*** 

 (0.010) (0.010) (0.000) 

    

_cons -0.714***   

 (0.03)   

Wald chi 15272.637   

Prob > chi2 0.000   

p-values in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. 
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Credit access (ME = 0.022, p-value=0.010) increases the adoption of REE. Credit access, which 
improves the financial assets of an SME, enables the procurement of costly renewable energy 
technologies. The findings are consistent with other scholars [43,44]. Being a female reduces the 
adoption of REE (ME=0.127; p-value = 0.000)) than males due to heterogeneities in resource 
constraints, similarly echoed by Acevedo-Duque et al. (2021). Furthermore, education exposure (ME 
= 0.006, p-value =0.000), age (ME = 0.001, p-value = 0.000), being an SME manager (ME = 0.031, p-
value =0.000), asset ownership (ME =0.021, p-value=0.000), increase in profit share (ME=0.022, p-value 
= 0.000) as well as access to capital sources (ME = 0.024, p-value = 0.000) are likely to significantly 
influence the adoption of REE. Education years, age increase and managing an SME are underscored 
by increase in knowledge regarding to efficiency and cost effectiveness. Access to capital sources, 
increase in profit shares and asset ownership influences adoption of REE as households can source 
finances for upfront cost on REE and use the assets as collateral. Further studies [18,45] concur with 
finding on the cost, management and education. Access to information (ME = 0.057, p-value = 0.000), 
extension services (ME=0.033, p-value =0.000), having a proper operating place (ME =0.004, p-value 
= 0.000) and ability to have bridging social capital (ME=0.182, p-value = 0.000) also influences the 
adoption of REE. By accessing information SMEs are aware of the benefits and technologies in clean 
energy and for a proper operating place, reliable infrastructure would ensure proper installation of 
efficient systems in the enterprises. With extension services and bridged social capital SMEs are 
supported and trained towards REE. Similar findings concur with the positive effect of access to 
information and social capital on the adoption of clean energy which also highlight the 
imperativeness of promoting such factors [46–48]. 

Contrary, adoption of REE is negatively influenced by an increase in household size (ME = -
0.002, p-value = 0.000), informal safety nets (ME= -0.130, p-value = 0.000), and not having bonding 
social capital (ME = -0.247, p-value = 0.010). Just like most of the SSA countries, informal safety nets 
are inefficient, fragmented and low valued. The findings are similar to others [49] despite an addition 
of a political and social resistance factors. Again, household size increases strain household budgets 
and influences households to opt for affordable alternatives over clean energy systems. The choice 
are further influenced by groups tied with norms against the REE systems hence creating a resistance 
[49]. Lastly, lack of bonding social capital makes the SMEs owners hardly exposed to the available 
REEs. This study argues that exposure, compounded with peer interaction influences the adoption 
of efficient renewable energies. Table 7 summarizes the magnitude of the adoption factors in the 
study. 

4.4. Impact of REE on Climate Resilience Among SMEs’ Business Continuity 

Instrument Validity 

To address potential endogeneity and self-selection bias, we employed two instrumental 
variables: social-based accessibility (through gifts) and market-based accessibility (through loans). 
These instruments are theoretically sound as they facilitate the adoption of REE systems (Relevance) 
but do not independently enhance household resilience outside of the technology's specific benefits 
(Exclusion Restriction). Such is the case, whereby only the usage of these REE systems is highly 
dependent on accessing them in the first place [50]. And it is only through this usage that resilience 
is affected. The statistical validity is supported by the highly significant coefficients for both 
instruments in the selection model (p-value < 0.01) and the LR test of independent equations (p -
value= 0.046), confirming the appropriateness of the Endogenous Switching Regression framework 
to provide unbiased estimates. Table 8 presents the selection variables 
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Table 8. Selection Variables. 

Variables Adopters 

(Resilience_1) 

Non-Adopters 

(Resilience_0) 

Selection (Energy 

Choice) 

Socio-Economic Factors     

Gender (Head) 0.075 (0.187) -0.071 (0.086) -0.539*** (0.154) 

Age (Head) 0.002 (0.004) 0.002 (0.002) 0.000 (0.004) 

Household Size -0.021 (0.027) -0.013 (0.013) -0.004 (0.028) 

Asset Ownership -0.605* (0.361) -0.514*** (0.132) 0.337 (0.300) 

Income Level 0.000 (0.000) 0.000 *** (0.000) 0.000 (0.000) 

Education (Years) 0.018 (0.017) 0.017* (0.009) 0.015 (0.018) 

Social Capital & Support    

Bonding Social Capital 3.139*** (0.509) 3.628*** (0.260) -0.052 (0.489) 

Bridging Social Capital 2.629*** (0.274) 2.079*** (0.160) 0.357 (0.289) 

Access To Safety Nets 0.276 (0.267) 0.173 (0.132) 0.069 (0.304) 

Instrumental Variables    

Social-Based Accessibility 

(Gifts) 

  -1.092*** (0.409) 

Market-Based 

Accessibility (Loans) 

  -1.386*** (0.340) 

Constant 0.072 (0.538) -0.341 (0.234) -1.153** (0.527) 

Observations 699   

Log Likelihood -1018.99   

Lr Test (Indep. Eq.) χ2=3.97 (p=0.046)   

Treatment Effects 

Table 9 shows that on average adopting REE systems likely increases climate resilience among 
SMEs (0.117). However, for the non-adopters, their resilience is likely to fall (-0.474). Heterogeneity 
Treatment Effect further shows an effect rising sharply in ATT and ATU, hence strengthening the 
targeting of adopters in policy recommendations. The findings, therefore, imply that the adoption of 
Renewable Efficient Energy has a significant positive impact on climate resilience and SME business 
continuity. The findings concur with similar findings, where the study stresses a significant cost 
saving and a market in a stronger position despite climatic barriers present [51]. Ref [52] further 
concurs with the findings that sustainable energy systems leverages a stable source of energy in 
developing economies apart from mitigating climate change. 
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Table 9. Average treatment effects. 

Group Decision Stage Adopting 

(Actual/CF) 

Non-Adopting 

(Actual/CF) 

Treatment Effect 

Adopters (a) -0.017  -0.134  0.117* (ATT) 

Non-Adopters (b) -0.445 0.029  -0.474* (ATU) 

Heterogeneity  0.428*  -0.163*  0.591* (TH) 

Policy Simulations 

A policy simulation was conducted by seĴing market-based loan access to 1 for all households. 
This policy simulation tests whether removing financial barriers can improve household outcomes, 
specifically for those historically excluded from formal credit. These mostly include subsidies. 

The shift in expected resilience from the baseline (-0.126) to the policy scenario (-0.114) resulted 
in a significant, but marginal improvement (0.012), further questioning the effectiveness of universal 
subsidies. This also elaborates that much of financial innovation is seen as a quick solution; the 
adoption of Sustainable Energy goes beyond monetary incentives concurred with previous finding 
on group norms and human dispositions, after all, unsustainable energy is mostly associated with 
economic endowments. 

Nonetheless, the finding does not fully obsolete the relevance of these subsidies. Alternatively, 
targeted subsidy response supports the notion using a Vulnerability Relevant Treatment Effect 
(VRTE), which measures how the policy reduces the "Resilience Gap" for those who are most at risk 
(below the 25% quintile). Despite low general impact, the significant change in the Vulnerability Gap 
(-0.030) indicates that the policy doesn't move the needle much for the average household. However, 
for the vulnerable SMEs who later choose to adopt sustainable energy, there is a shift in their 
resilience by 0.169. 

Table 10. Policy simulation results. 

Indicator Mean Value t-statistic p-value 

Policy-Relevant Treatment Effect (PRTE)     

Expected Resilience (Baseline) -0.1264   

Expected Resilience (Policy) -0.1145   

Change in Resilience 0.0119* 1.651 0.070 

Vulnerability-Relevant Treatment Effect (VRTE)     

Vulnerability Gap (Baseline) 0.0587   

Vulnerability Gap (Policy) 0.0888   

Change in Gap -0.0301*** -12.72 0.000 

VRTE Score 0.1693   

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 March 2026 doi:10.20944/preprints202603.1831.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.1831.v1
http://creativecommons.org/licenses/by/4.0/


 17 of 20 

 

5. Conclusion and Recommendations 

The SME’s study sought to understand the impacts of climate change on renewable efficient 
energy systems among SMEs in the three cities of Malawi. The findings show that adopting such 
energy systems has a positive and significant effect on business continuity and the ability to cope 
with climate-related shocks. Specifically, the study found that SMEs that use renewable energy are 
beĴer able to maintain their operations for a long time and recover from climate change and its related 
disruptions. 

Using the Diffusion of Innovation Theory and the Sustainable Livelihoods Framework, the study 
constructed the resilience indices for adaptive, absorptive and transformative capacity to determine 
the SME’s stronghold resilience area. Furthermore, the theories determined the choice of variables 
used to estimate a Multinomial Endogenous Switching Regression model. The results indicate that 
transformative capacity plays the most important role in building long-term resilience. Again, factors 
like education, access to information, and social capital also influence the SMEs decision to adopt 
clean energy. Interestingly, while access to finance is important, the policy simulation showed that 
financial support alone may not lead to widespread adoption. Social norms, lack of information, and 
resistance to change remain significant barriers. Therefore, promoting renewable energy among 
SMEs in Malawi requires more than just subsidies or loans. It needs a broader approach that includes 
education, awareness, and community engagement. 

Recommendations 

The study recommends the following ; 
Prioritizing REE interventions that enhance both information access and relational capital 

among SMEs. Many small business owners in Malawi are not fully aware of the benefits of clean 
energy or how to access it. Others rely on their social networks to learn about new technologies and 
make decisions. Therefore, policies should focus on building knowledge and strengthening 
relationships among business owners. This can be done through information centres in urban areas 
where SME owners can visit and learn about different types of renewable energy systems, their costs, 
and their long-term benefits. 

Develop improved formal and accessible capital sources inform of credits and subsidies to 
enhance the adoption of REE. Many SMEs in Malawi, especially those in the informal sector, face 
difficulties in obtaining loans from banks and other financial institutions. This is often due to a lack 
of collateral, limited credit history, or the high interest rates charged by lenders. Therefore, there is a 
need for more accessible and flexible financial products tailored to SMEs growth and development. 
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