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Foreword 
 

 

 In 2019, the first annual international conference organised by the IESD focused on Energising 

the SDGs through technology and governance. The two-day event considered how technology 

and governance could support the implementation of the SDGs. The conference attracted 

authors from different parts of the world and focused on energy, water, health, innovation and 

architecture in urban and rural communities. One of the areas that was highlighted in the 

conference was the need for an integrated, systems perspective in implementing the SDGs to 

capture the synergies and avoid the hindrances.  

 

The success of the first conference in 2019 and the feedback from the participants encouraged 

us to plan for the second event in July 2020. The main theme of this year’s conference was to 

explore the alignment of local level interventions with the SDGs. A wide range of development 

interventions are undertaken by local authorities, governments, donor agencies, NGOs and even 

the private sector in urban and rural areas. These interventions aim specific challenges but there is 

limited evidence base to inform us whether these interventions have taken advantage of possible 

synergies with other areas or challenges so that a more effective outcome is obtained. It is also not 

clear whether the decision-making in isolation is still continuing and whether an opportunity is 

being missed locally, nationally or more widely to develop a more joined-up thinking to deliver the 

SDGs. 

 

However, just as the deadline for abstract submission was approaching, the global pandemic 

unfolded. Many countries around the world entered into lockdown conditions, imposing 

significant restrictions on mobility and mode of working. There were doubts about the return 

to a normal life by July 2020 when the conference was supposed to be held. The new normal 

forced us to decide whether to go ahead with the event and if yes, how to adapt the event from 

a physical conference to a virtual one. There were concerns regarding reliability of internet 

connections and technical issues of hosting an event online. Organising the event from the 

setting of a home looked daunting as well. With the support of contributors and collaborators, 

we decided to go ahead and organise the event over a single day. In the end, the event proved 

very successful and offered a platform for interaction and exchange of research activities from 

different parts of the world.  

 

This publication presents a summary of the conference and offers a compilation of the papers 

presented in various sessions of the conference. Presentation slides are included in this volume 

but other presentation materials (such as videos and photos) will be available from the 

conference website. Papers included in the publication have undergone a light touch review 

and although an attempt has been to harmonise the style by adopting a common template, some 

deviations remain. The final versions of the papers as submitted by the authors have been 

included here. They have not undergone any language editing. 
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We would love to receive any comments, suggestions and feedback on this publication. You 

can send them to the editor of the proceedings (subhesb@dmu.ac.uk). 
 

I hope you will enjoy reading this publication. 

 

Subhes Bhattacharyya 

Institute of Energy and Sustainable Development De Montfort University, Leicester (UK) 
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Conference Summary 
Subhes Bhattacharyya, Conference Organiser 

 

 
The second annual conference was held on the 2nd of July 2020. The web 
conference deliberated on Aligning Local Interventions with the UN 
Sustainable Development Goals. The conference agenda is available at 
Appendix 1. The event was attended by around 50 participants from different 
parts of the world (Appendix 2 gives the list of participants). A few snapshots 
from the conference are shown below. 
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The conference was opened by Prof. Subhes Bhattacharyya of the Institute of Energy and 

Sustainable Development (IESD). He explained the background and the context within which 

the conference took place, which required the adaptation from a physical conference to an 

online one but being a less carbon intensive process, this mode of conference organisation is 

better aligned with the conference theme and the objectives of sustainable development. He 

indicated the structure of the conference: the conference opens with a keynote speech and then 

there are four sequential sessions, each containing three presentations. In total, 12 presentations 

were planned, excluding the keynote speech. Each session was given an hour and there were 

breaks in between each session for networking opportunities.  

 

Mr. Rohit Sen, Head of Energy & Climate Action, ICLEI was the keynote speaker. He talked 

about 100% Renewable Cities and Regions. Currently, three challenges can be highlighted - 

more than a billion people, mostly in Sub-Saharan Africa and South Asia, do not have access 

to clean energies; cities are responsible for 65% of the global energy demand and record high 

carbon emissions globally. Local governments are part of the solutions to the challenges. More 

than 400 cities now have committed to carbon neutrality and being local players, they have 

considerable potential for influencing policies for transport, energy generation and use; 

enacting energy efficiency standards, etc. 100% renewable energy in cities and regions is a 

predominantly a northern initiative and progress and plans vary across cities and regions. There 

are several drivers for local governments to set ambitious targets. These include – energy 

security, increase community resilience, reduce carbon emissions, generate revenue, create 

jobs and help achieve national and international targets.  

 

The 100% RE Target can be set using a three-step process: pick a scope (either limit to 

government operations or cover the entire communities); pick a sector (e.g. transport, heating 

and cooling and electricity), and adopt and act. He then exposed the RE Roadmap project 

involving 9 cities in three countries (Kenya, Argentina and Indonesia). The project involves 

data collection, energy modelling, feasibility assessment of technologies, prioritisation of 

technologies and scenarios and finally, policy recommendations and action measures for 

implementing the roadmap.  

 

He then highlighted the benefits of the 100% RE targets for local and national levels. These 

include economic benefits in terms of economic growth, energy security, revenue generation 

and technology deployment. Social benefits include local air pollution reduction, health hazard 

reduction and improvement in social wellbeing for the local residents. The decentralised 

systems also improve local governance through more transparent decisions, better 

accountability and stakeholder engagements.  

 

Local resources and local priorities have to be integrated with national and regional actions and 

initiatives. For this, ICLEI manages the 100% Renewables Cities and Regions Network to 

support local governments. The initiative directly and indirectly influences all 17 Sustainable 

Development Goals.  

 

The discussion that followed revolved around a set of clarifications on the presentation. One 

participant asked about the barriers in terms of costs, policy barriers and stakeholder 

engagement. Mr. Sen suggested that creating impactful bankable projects is important. The 

http://www.dmu.ac.uk/
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continuity of policies is important and it is important to involve industries and academia to 

create a conducive environment. Learning from other countries can also play an important role. 

Another question was about the process that was involved in starting the roadmap dialogue in 

a country. Mr. Sen explained the process followed in the cases where ICLEI was involved. 

Another question was about the systematic approach in developing the scope of intervention at 

the household level and its scaling-up at the city level. A related question was how to prioritise 

the local intervention. Mr. Sen suggested that this depends on the local circumstances. The 

approach will not be same for a German city and a city in Kenya for example. In each case, the 

potentials and challenges have to be considered and solutions to be identified.  

 

Following the keynote speech, the regular sessions started which was chaired by Prof. Subhes 

Bhattacharyya. The first session on the SDGs and the climate actions in cities considered three 

papers.  
1) Dr. Asekomeh presented a study of electric vehicle charging infrastructure deployment in 

Dundee on behalf of the co-authors and explored why this intervention was prioritised by the 

city council and whether the development is equitable benefits for all sections of the society. 

Their study found that the deployment of vehicle charging points in Dundee has followed a 

destination or hub approach where the infrastructure is being developed around car parking or 

work places. They are not located in residential areas.  While the climate action plan of the city 

maps its linkage with the SDGs adequately, the funding arrangements and incentivisation may 

not support the gender and inequality issues adequately. The low-income population may not 

use the EV infrastructure and attention needs to be paid to meet their needs. 

2) Dr. Ozawa-Meida presented a study on the integration of SDGs in Glasgow’s climate action 

plan. The presentation focused on climate change mitigation and adaption plans and their SDG 

alignment, evaluation of sustainability of the city and recommendations for improving the SDG 

alignment of climate actions. Glasgow has set a target to become a carbon neutral city by 2030 

and its carbon action plan has considered mitigation measures such as low carbon energy and 

transport as well as waste recycling and adaptation measures such as maintenance of water 

courses, protection of the vulnerable people and sustainable drainage systems. The study then 

presented the built environment efficiency of Glasgow using a sustainability assessment tool, 

CASBEE. The results indicate that Glasgow is performing relatively well with a low GHG 

emission per capita and good environmental, social and economic quality. The study suggested 

that increasing green spaces, reducing crime, improving road safety and enhancing social care 

facilities, particularly child care and increasing local energy generation are some of the 

measures to improve the sustainability of the city.  

3) The third paper of the session focused on the interventions in energy renovation in the 

residential sector as a way to support energy-related SDG (7.3). The paper highlighted that the 

residential energy use constitutes a major demand for energy and is a significant source of GHG 

emission in the EU. This is partly due to old building stock and a slow pace of energy renovation 

in the building sector. The paper presented the idea of one-stop-shop for renovation and offered 

three examples (from Cyprus, Netherlands and Sweden) to highlight the challenges and 

opportunities as well as the cross-learning potential from each other. The one-stop-shop is a 

new concept in which the full range of renovation service is offered by a single entity in 

collaboration with other partners. Different models exist such as facilitation model, 

coordination model, development model and ESCO model. Three cases presented covered a 

different delivery and ownership combinations: a publicly owned coordination example from 

Cyprus, a private-public partnership coordination in Netherlands and a private development 

initiative in Sweden. The study found that private business model faces challenges in the 

absence of a supportive business environment.  Public services for advice and information of 

http://www.dmu.ac.uk/
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citizens are effective but long-term sustainability remains an issue. A public-private partnership 

could be a good starting point.  

 

There was a lively discussion around three presentations where participants asked clarifications 

about the specific aspects of the presentations, including the share of electric vehicles in 

Dundee (which is quite low at 1.5% at present), appetite for renovation compared to demolition 

and new creation, any potential intervention at the EU level in terms of innovation and the link 

between energy poverty and renovation of buildings. Dr. Asokemeh replied that the current 

share of EV is quite low (1.5% or so) but the city is planning to increase the share. Dr. Mainali 

indicated that builders are more interested in developing new buildings and homes for profit 

reasons. The renovation process is cumbersome but the EU Directive now requires the one-

stop-shop options to be included. This is likely to incentivise the renovation work.  

 

The second session, chaired by Prof. Mark Lemon, was about the integration of SDGs in the 

built environment and the SDGs where three papers were presented.  
1) The first presentation by Dr. Andrew King focused on the social value creation in the built 

environment as a way of achieving the SDGs. The study considered the specific case of 

Midlands and is based on sharing a range of individual experiences lived by specific 

stakeholders (consultant, local authority, a charity leader and a regional influencer). The 

presentation highlighted how each stakeholder has focused on specific SDGs – such as 

sustainable cities, climate actions, partnerships – and supported the social value creation 

through their influence and engagement.    

2) Mr. Errol Hemans presented the case of food banks and questioned whether they are creating 

barriers against developing fairer communities and cities. The presentation considered 5Ps 

(people, prosperity, planet, peace and partnership) to highlight how austerity is affecting those 

left behind. The study then considered the drivers of food waste and ways to mitigate the 

problem. The intended purpose of food banks and their unintended consequences were then 

presented. It then presented the vicious circle that sustains food banks and suggested four 

alternative ways to create a future that is not dependent on food banks.  

3)  The third presentation by Miss Ling Tian considered the planning and implementing the 

objective of sustainable cities in the background of COVID 19 pandemic. Although many cities 

are focusing on SDG 11 (sustainable cities), economic growth remains the main driver, which 

in turn leads to conflicts with other sustainable development goals and objectives. The paper 

suggests that considering uneven distribution of social resources, local response to disasters 

and emergencies has to consider local conditions. Science and technology-driven solutions 

(such as use of artificial intelligence, remote medical services, unmanned delivery vehicles, 

tracking and information sharing services, etc.) as well as green building solutions could help 

improve planning and implementation interventions.   

  

The discussion that followed revolved around the interactions between different SDGs and 

adopting an integrated approach rather than considering them individually. The definition of 

social value came and it was asked whether this involves individual perception of social value 

and transferring that to others. Dr. King responded by saying that the construction industry has 

been creating social values for years but the participants were not always aware of it and clear 

about it. Better awareness and education could reenergise these participants and help transfer 

the social values widely. There is a need to simplify and demystify. There was a question 

related to dependence on food support that does not promote own production. Mr. Hemans 

suggested that instead of focusing on each SDGs at a time, several SDGs need to be considered 
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using the 5P framework. This will then avoid dependence on food aids and break the vicious 

circle of poverty. There was question on the 5P methodology which Mr. Hemans explained. 

There was a question of collective services such as cooking, laundry services, refrigeration. 

Whether such an idea was encountered in the food aid research was queried. Mr. Hemans 

indicated that his work was on food waste and identified the causes of food waste. If the causes 

are addressed, then the vicious circle could be broken. There was a question about the social 

factors being measured and at what level they are being considered. Dr. King indicated that the 

level relates to clusters of participants and the factors relate to each SDG being considered in 

the work. There was a question related to the social value (what it means and whether a 

particular social value could be promoted). The data from Covid 19 situation was cited and the 

question was how to empower the deprived communities to seek attention and demand more 

in developing our cities. Dr. King suggested that through a discussion with the people and 

knowing what they want, the value system can be understood in a nuanced way. By matching 

the response with the expectations of the people, the social value could be delivered in the 

nuanced world. There was a question about how the evaluation of social value and service 

provision might differ in different contexts (such as in China, US or UK). Miss Ling indicated 

that the context is very different in different locations and each location is trying to deal with 

the issue differently. You could listen to the lively discussion by playing the record of the 

session. 

 

The third session, chaired by Dr. Rupert Gammon, discussed about energy interventions and 

related SDGs. Three presentations were made in this session.  
1) Dr Justin Udie presented a study of carbon footprint of small and medium scale industries in a 

Nigerian rural community. Using data from the focus group meetings and semi-structured 

interviews, the study found that the SMEs in the location are fully reliant on fossil fuels. This 

has health consequences. The units face high energy costs as well for their diesel-based energy 

use. This also leaves a high carbon footprint. The renewable energy potential remains high and 

the community could reduce the cost of energy significantly, reduce carbon footprint and 

improve health conditions if they move to renewable energies. The potential barriers to such a 

transition will be analysed in the next phase of the study. 

2) Mr. Francis Mujjuni presented his work on the development of a synthesised framework for 

resilience for the electricity systems of developing countries.  The talk presented the electricity 

system issues in the context of Uganda and indicated the low level of electricity access and the 

regular occurrences of partial and total blackouts as major challenges. The resilience thinking 

is offered as a potential solution because it addresses the vulnerabilities of the existing system 

and allows integration of sustainable development. He then presented some examples of 

existing resilience frameworks but indicated that they do not adequately capture the challenges 

of the developing country electricity systems and the international development agenda such as 

the SDGs. Accordingly, he outlined a framework that maps resilience goals through a range of 

indicators and metrics which in turn will allow a comprehensive evaluation of electricity system 

resilience.  

3) Mr. Ali Alarbi in his presentation focused on minimising interruptions in electricity supply 

using artificial intelligence and demand management. In many developing countries, load 

shedding is commonly used as a operational management strategy to ensure that available 

supply matches the demand at a given time. The study presented here relies on Artificial Neural 

Network algorithms for load shedding calculations. The aim is to determine the strategy to 

minimise the disruption to the communities. Two alternative control strategies for neural 

network training are considered – one through housing training and the second using appliance 
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training. The simulation results showed that the load shedding value in both methods is quite 

similar. In the first method, the algorithm targeted the house with the highest load and then 

targeted the largest appliance to switch off. The second method considered the entire appliance 

set within the community and targeted the largest appliances to shed loads. Both approaches 

were effective in ensuring supply demand balancing on a real time basis. 

 

The discussion that followed considered the following: 
a) Are there any incentives at the local level for procuring RE technologies? Who is the 

community prepared in terms of acceptance of RETs? Dr. Udie indicated that no RET initiative 

was noticed but the project team has contacted the State Government and Ministry of Power to 

engage with this project. The team is also exploring the possibility of working with NGOs to 

see if these organisations can support the community-level scaling of the project. The analysis 

of acceptance of the community will be taken up. There are plans to interview and engage with 

the community to understand their interest and ability to pay. There was also a question on 

carbon footprint calculation, which Dr. Udie explained with the help of the methodology used 

in the paper. 

b) There was a question about the cost to the users. Mr. Ali said this was not considered.  

c) There was a question about resilience indicators particularly in relation to building efficiency. 

Mr. Mujjuni explained that the reliability indicators can be extended to measure the resilience. 

The threat the system is under could be identified as the target. The threat is matched directly 

against the indicator and this can provide a measure of resilience. An example was given from 

COVID impact on the power system.  

 

The final session, chaired by Dr. Abhishek Tiwary, was devoted to water, agriculture and the 

SDGs. Three presentations of this session are summarised below: 
1) Dr. Ramani Gallellalage presented a study of sustainable water access in a rural community in 

Sri Lanka. Access to clean water remains a challenge in many rural areas and the case study 

presented a collaborative project through which water supply was ensured. The project involved 

the Sarvodaya organisation in Sri Lanka and the financial support of UK- Sri Lanka 

organisation. Through an action research, the study engaged with the stakeholders and 

beneficiaries and found that the successful implementation of the project has improved the 

agricultural output of the local community and has contributed to higher income generation. It 

has also improved their health conditions.  

2) Muhammad Yadudu in his presentation discussed the issue of renewable energy integration in 

the distribution network and its potential for improving agricultural outputs in Africa. The study 

considered the case of a Nigeria electricity distribution company which faces high levels of 

non-payment by customers. Agriculture is the largest source of employment in the country but 

rainfed agriculture or irrigation through diesel pumps does not allow realisation of the full 

potential. The study found that lack of financial independence is the main reason behind non-

payment of electricity bills and expansion of income generation potential is likely to improve 

the financial health of the utility. 

3) Mr. Abdurahman Hameed presented a case study of the role of the Agricultural Bank in Libya 

in supporting sustainable agriculture in the country. Through a case study in the Jafara region, 

the presentation offered the current state of agriculture and highlighted the challenges faced by 

farmers. It then discussed the role the Agricultural Bank could play in supporting sustainable 

agriculture in the region. Using primary data collected from the region, the study found that 

farmers face challenges in terms of water availability and quality, funding technology 

procurement, expertise and limited farm size. Similarly, the farmers are unhappy with the 

services of the Agricultural Bank. The dissatisfaction comes from several factors, including the 

level of interest rates, poor alignment of bank policies with sustainable agriculture, limited 
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agricultural expertise of the bank, lack of communication and limited potential for international 

collaboration. The study then suggested ways to improve the Bank’s role through training, 

better understanding of sustainable agriculture, micro-financing, and supporting wider 

partnerships and collaborations. 

     

The discussion that ensued focused on the following: 
1) How are the religious beliefs connected to community engagements in Sri Lanka? Dr. 

Gallellalage replied that the community engagements respected religious beliefs of the local 

population. Depending on the location, the Sarvodaya Organisation will organise religious 

ceremonies to involve local stakeholders. The blessings from the religious leaders are 

considered as element for the success of any events. Has the model been replicated elsewhere? 

Are there examples of replication? There are number of projects based on the same model. The 

Sarvodaya Organisation has now adopted this approach to other areas such as road building.    

2) Are you tying up with government initiatives in Nigeria? There are no initiatives in the area of 

renewable energies for farming. The idea is to generate power for irrigation and sell water to 

farmers. This way it will help the power distribution companies in reducing their exposure. 

How do you set the tariff? What are the incentives? The tariff will be for the water service – 

this will be done in the future. There was a question regarding whether any economic analysis 

of cost of water with grid power and alternative energy source and what is the value of the crop.  

As the grid is not supporting the farms, the alternative energy-based service will be analysed. 

This will be done subsequently. How are the distribution companies dealing with non-metered 

supply? Estimated billing is being followed in such cases but metered supply is being planned 

over the next five years. What is the distribution company doing to fund the infrastructure? This 

is being studied and the funding will be dependent on the model being decided and its viability. 

This is going to be a long-term investment. 

3) How do you plan to provide your recommendation to the Agricultural Bank and do you think 

the bank will be receptive to the recommendation? The Government of Libya is committed to 

support farming community and to promote sustainable agriculture. How would you 

communicate with the authorities? Mr. Hameed indicated that he would share the 

recommendations with the Minister of Agriculture and the Bank. Is the Bank facing any issue 

with interest rate on the credits, particularly because the Islamic banks do not charge any 

interest? Mr. Hameed indicated that farmers have issues with interest rates being charged, 

particularly when the economic condition is not favourable.   

 

 

The SDGs offered an integrated approach to deal with development. There are implications of 

everything we do and whatever we do. The SDG framework offers an opportunity to thinking 

in an integrated way. All the presentations of this conference have highlighted the need for a 

systemic thinking and integrated way of dealing with challenges. The presentations have also 

eluded to the issue of prioritisation of interventions. There is scope for further research in the 

area of prioritising local interventions so that better and more SDG aligned outcomes could be 

achieved. A third theme that has come out of the conference is the resilience of systems, both 

at the community level and at the systems level. This is an area of further research, particularly 

in the era of the COVID pandemic. The SDGs force us to think about the wellbeing of the 

society and this has been covered in different presentations of this conference. All presentations 

have suggested areas for further work and this will open up opportunities for further 

collaboration in research.  Prof. Bhattacharyya thanked the participants, presenters and the 

funding organisations for their support.   
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Keynote speech 
 

Towards 100% Renewables Cities and Regions,  
Rohit Sen, Head, Climate & Energy Action, ICLEI World Secretariat, Bonn, Germany. 
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Session 1: SDGs and the climate action in cities  
Chaired by Professor Subhes Bhattacharyya, IESD 

 

 

Can green infrastructure development in cities 

be equitable? An eclectic review of Dundee 

City’s electric vehicles strategy 
Ayodele Asekomeh1,*, Obindah Gershon2, Smith I. Azubuike3 
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Abstract: Dundee City has been successful in installing green infrastructure for charging 

electric vehicles (EVs). This intervention apparently matches the sustainable development 

goals (SDGs) of affordable clean energy (7), sustainable cities and communities (11) and 

climate action (13). Local authorities can align interventions with SDGs according to needs. 

Thus, we undertake an eclectic examination of the elements of the plan against the city’s 

peculiar socio-economic environment, questioning whether the EV plan is equitable for the 

city’s residents. Equitability may be either the complementarity and benefits of the strategy 

from the obvious lenses of SDGs 7, 11 and 13 or the alignment or otherwise of the EV strategy 

with the other SDGs. We note that the EV strategy achieves some equitability but does not 

fully address all inequalities. Although this approach could be adopted by smaller, similar or 

bigger cities, we recommend that local priorities should be ranked to improve alignment with 

SDGs. 

 

Keywords: Green infrastructure, sustainable development goals, Dundee city, eclectic review, 

equitability 
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1.0 Introduction and background literature 
 

The Sustainable Development Goals (SDGs) have been agreed at a supranational level. 

However, understanding the mechanisms of national SDG implementation is crucial (Elder, 

Bengtsson and Akenji 2016; Allen, Metternicht and Wiedmann 2017; Morton, Pencheon and 

Squires 2017). This creates a two-fold problem. First, the high-level SDGs must translate into 

identifiable interventions or actions that are contextually relevant to the needs of an adopting 

country. This could range from national priorities to specific developmental needs of local 

authorities, cities and communities, where some of the considerations highlight and must 

necessarily prioritise peculiar issues and challenges (Breuer, Janetschek and Malerba 2019; 

Tan et al. 2019). Second SDG interventions may lack suitable indices to facilitate proper 

linking of interventions with the indicators prescribed by the SDGs, or for comparison between 

countries (Maurice 2016; Schmidt-Traub et al. 2017; Kim 2018; Diaz‐Sarachaga, Jato‐Espino 

and Castro‐Fresno 2018).  

 

The above problem makes it necessary to examine the alignment of local-level interventions 

with the SDGs, given that local authorities undertake a myriad of development interventions. 

Where the localisation of responses precludes the exploitation of synergistic opportunities for 

cross-impacting other areas and challenges, outcomes will be suboptimal as observed with the 

predecessor Millennium Development Goals (MDGs) (Kaplinsky 2016; Pradhan et al. 2017). 

Moreover, the decision-making process must address trade-offs in tackling the specific 

developmental needs of local authorities and communities; it must also recognise the benefits 

of joined-up thinking to deliver interlinked SDG interventions across autonomous units locally, 

nationally or more widely (Allen, Metternicht and Wiedmann 2018). Cohen and Wiek (2017) 

identify misalignment between participation and local context as a reason for unequal 

distribution of benefits and detrimental prioritisation of private interests. 

 

Using an eclectic review of a specific programme of intervention in a grassroots setting, we 

engage with the above considerations to contribute to the body of evidence and to extract useful 

decision parameters for the way SDG-related interventions are being deployed and evaluated. 

In “Dundee’s green revolution” (Carrell, 2019), the Dundee City Council (“DCC”) embarked 

on an ambitious plan of installation of regular and solar-powered charging points for electric 

vehicles (EVs) and commissioned several electric bin lorries. The city was named Europe’s 

most visionary EV city by the World Electric Vehicle Association (WEVA) at a ceremony in 

Kobe, Japan in 2018. DCC’s approach represents a purposeful intervention which appears to 

fit with the SDGs of affordable clean energy (7), sustainable cities and communities (11) and 

climate action (13). Accordingly, we examine the extent to which the EV strategy of the DCC 

represents an equitable approach for the city’s residents and stakeholders. We examine 

equitability as either (1) the complementarity and benefits of the strategy from the obvious 

lenses of SDGs 7, 11 and 13 or (2) the alignment or otherwise of the EV strategy with the other 

SDGs. We review the elements of the plan and the city’s peculiar socio-economic environment 

for the uptake of EVs and question whether the perceived benefits encompass all SDGs. Our 

objective in this review is to understand Dundee’s approach and the potential for scalability 

and adoption by smaller, similar or bigger cities. 

 

http://www.dmu.ac.uk/


                 
 

 

25 

Kim (2019) employs a positive review and value argumentation method to explain Korean and 

Taiwanese policymakers’ strategic view of smart microgrids as a new developmental 

infrastructure for making their domestic firms competitive via hybridised industrial ecosystems 

which bring together innovation champions. We adopt this approach in examining the local 

context of Dundee as an enabler of or impediment to the kinds of interventions being pursued 

by the DCC in line with the SDGs (section 0). These contextual issues can promote equitability 

or exacerbate inequalities. Furthermore, we review the policy framework cascading from the 

national to local authority levels for Dundee’s EV strategy (section 0) to derive a high-level 

mapping approach for examining the links between national and local action plans and the 

SDGs. We combine these two strands of arguments to assess the factors that have led to the 

emergence of Dundee as an EV charging infrastructure champion. We also explore funding 

arrangements for the EV strategy and overall financial commitments to activities and objectives 

allied to the other SDGs (section 0). The discourse evaluates the stated and implied benefits of 

the EV strategy by appraising issues around location of EV infrastructure, access and incentive 

schemes in line with the Energy Savings Trust guidelines for EV infrastructure development 

(EST 2019 and 2020a). On the balance of these pieces of evidence, we perform a mapping of 

the benefits against the different SDGs where alignment with a significant number of SDGs is 

an indicator of the equitability of the EV project. 

 

2.0 Dundee city and its contextual settings for equitability of SDG 

interventions 
Dundee is Scotland’s fourth-largest settlement after Glasgow, Edinburgh and Aberdeen, with 

a mid-2020 population estimate of 148,577 and population density of 2,478 per square 

kilometre (NRS, 2018). It is on the north bank of the Firth of Tay (latitude 56.462o North, 

longitude 2.9707o West), an historically significant North Sea trading coastal station that 

attained city status in 1889 (Lloyd and McCarthy 2003). It gained prominence in the Industrial 

Revolution and has witnessed many ‘transitions’, with the emergence and/or waning of 

industries and activities in cotton processing and textile trading, jute milling, jam processing, 

journalism, shipbuilding, whaling (Whatley 1992; Lloyd and McCarthy 2003). Constant 

transformation, reputable record of scientific discoveries and contributions to comics, video 

games and medical research have earned Dundee recognition as the UK’s first UNESCO City 

of Design (BBC 2014). 

 

Dundee’s historical development and links to an industrial past influence its developmental 

outlook. For instance, its ancient housing development plan had involved the development of 

low-cost housing estates to provide accommodation for an often young1 workforce servicing 

its various industries 2 . Developmental plans for such areas often include addressing 

infrastructural deficits through complete upgrade or costly refurbishment that pose both 

                                                 
1 Likely to be upwardly mobile working-class population sensitive to environmental impact. 
2 With over 80% of Scotland’s population also within 2 hours drive time of Dundee City (Dundee Economic 

Profile 2015), this creates a distinction between ‘home’ and ‘destinations’ (work locations, car parks, 

supermarkets, etc.) which favour a hub approach to EV infrastructure selection and development (EST 2019). It 

also makes the existence of allied or related industries and skills that can be transitioned more likely (Wesseling 

et al. 2017). 
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planning and technical challenges for EV infrastructure location (EST 2020a; ORCS 2020). 

With an environmentally aware population3 and City Council leadership4 that are championing 

a green ecosystem development, Dundee may be justifiably pursuing an EV infrastructure 

agenda. However, the policy framework that shapes the nature of participation of different 

stakeholders in interventions may mean that benefits are inequitably distributed (Cohen and 

Wiek 2017). 

 

Figure 1 shows Dundee’s most deprived 5% areas based on the Scottish Index of Multiple 

Deprivation (SIMD, 2020)5. The map is superimposed with the location of Dundee’s EV 

charging facilities. It appears current charge points are not precisely situate within or around 

the most deprived areas. The location for charge points considers complex factors like the type 

of technology and proximity of charge points to users and power source. The UK Office for 

Low Emission Vehicles (OLEV) recognises that this represents a barrier to EV ownership 

because it creates a two-tier system that disadvantages homeowners with no driveways (ORCS 

2020). 

 

3.0 The Policy Framework informing Dundee’s EV strategy 
 

DCC EV strategy results from the Agenda 2030 Global Goals (UK Agenda, 2017). The data 

required for tracking the implementation and performance on the United Nation’s global 

indicators comes from National Reporting Platform of the Office of National Statistics (ONS), 

other government and non-government sources, government annual reports and accounts, and 

single department plans. However, national governments can adapt their approach to devolved 

issues and how they use available data/definitions for implementing and reviewing the SDGs. 

Consequently, country and national priorities and developmental objectives in the UK have 

diverged (Andrews and Martin 2010; Morphet and Clifford 2014). 

 

For local policy contextualisation, the Scottish government has provided a National 

Performance Framework with 11 national outcomes (NPF, 2019; VNR, 2019). The Scottish 

government works in partnership with the SDG Network Scotland (an open coalition of over 

300 people and organisations across Scotland) and the Convention of Scottish Local 

Authorities (COSLA) to help local authorities (councils and communities, in this case, Dundee) 

to localise the SDGs according to perceived needs of each area. Dundee has initiated SDG-

related development plans through three vital documents – the City Plan 2017-2026 (City Plan 

2017), the Council Plan 2017-2022 (Council Plan 2017) and the Climate Action Plan (CAP 

2019). Each of these is subject to an annual review process. Dundee has in its climate 

emergency declaration pledged to embark on three fundamental actions under each of the SDGs 

(Dundee UN Goals, 2019). CAP (2019) provides a road map for a just transition to a net-zero 

                                                 
3 Friends of the Earth Tayside lists over 40 entities (voluntary organisations and initiatives, green businesses and 

political parties) in its 2018 directory of green groups. 
4 Dundee City Council is currently lead by John Alexander (SNP) who became Dundee’s youngest ever serving 

councillor at 23 years old when elected in 2012. The Council has been adopting green policies, including 

declaration of a climate emergency in 2019. 
5 The index considers factors such as an area’s income, employment, crime and health deprivation and disability. 
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and climate-resilient future, with targets set for 2045 and aligns with the Dundee waterfront 

development plan and the city’s wider regeneration agenda. 

 

As one of Scotland’s 32 local authorities, guidance for planning is informed by the Scottish 

Planning Policy (SPP, 2014). The policy promotes the provision of infrastructure necessary to 

support positive changes in transport technologies, such as charging points for electric vehicles 

(section 275) and requires that EV charge points be considered as part of any new development 

and provided where appropriate (section 289). Consistent with the framework of Figure 2, the 

Climate Change Act 2008 (as amended in 2019) legally binds the UK to achieve a reduction in 

greenhouse gas emissions of at least 100% by 2050 (from a 1990 baseline), while specific 

legislation and powers are vested on cities and local authorities. Hanley (2011) observes that 

local authorities can mandate a minimum percentage of parking spaces to be fitted with 

charging points in new developments; provide parking incentives for (ultra)low carbon vehicle 

[(U)LCV] users; implement (U)LCV highway and access measures, including issuing a traffic 

regulation order (TRO) to create a (U)LCV lane, introducing a Low Emission Zone or 

congestion charging; set up (U)LCV-related social enterprises or the reduction of business 

rates, and take into account whole-life environmental impacts when procuring or leasing road 

transport vehicles. 
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Figure 1: Dundee’s 5% multiple deprivation (red shaded) areas and location (icons) of EV infrastructure 

 
 

Sources: SIMD, Google Map, Zap Map (Maps superimposed using Google Earth Pro) 
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Figure 2: Model of SDG Adoption 

 

 
Source: Authors’ Review of Dundee’s planning framework in the context of national planning 

arrangements. 
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4.0 Analysing the equitability of Dundee’s EV charging infrastructure 

4.1 Linkage of Dundee’s intervention measures to SDGs 

 

City Plan (2017) identifies five strategic priorities for which measurable outcomes have been 

specified: Fair Work and Enterprise (3 outcomes); Children and Families (5), Health, Care and 

Wellbeing (3); Community Safety and Justice (6) and Building Stronger Communities (5). 

These are supported by strategic service areas in the Council Plan (2017) with service area 

scorecards for Children and Families; City Development; Dundee Health and Social Care 

Partnership; Neighbourhood Services; Leisure and Culture; Corporate Services; and Chief 

Executive’s Services. Sitting alongside these plans is the Climate Action Plan (CAP 2019, 

pp.59-67) with interventions categorised into action themes of ‘General’, ‘Energy’, 

‘Transport’, ‘Waste’ and ‘Resilience’ comprising of 6, 18, 10, 9, and 21 actions (i.e., 64 in 

total) respectively. Figure 3 depicts the frequency of linkage of the actions to the SDGs. 

 

The categories of energy, transport, waste and resilience are linked to 9, 7, 8 and 16 (number) 

unique SDGs respectively. The three most frequently related SDGs to Dundee’s interventions 

are SDGs 13, 11 and 12; SDGs 2 (zero hunger), 4 (quality education) and 5 (gender equality) 

are the least, with only one category (resilience) and exactly one action associated to each. 

SDGs 6 (clean water and sanitation), 14 (life below water) and 16 (peace, justice, and strong 

institutions) are also only associated to resilience but are linked to 5, 7 and 2 resilience actions 

respectively. 

 

Employing network analysis (Le Blanc 2015; Lusseau and Mancini 2019), we map the 11 

national outcomes of the Scottish National Performance Framework (NPF, 2019) and the 

Climate Action Plan themes with their associated unique SDGs from the previous analysis (left 

and right sides respectively of Figure 4, depicting the alignment of Dundee’s thematic actions 

with the SDGs) as specified in these documents. In employing the SDGs, it is acknowledged 

that some of the goals are indirectly linked to the stated interventions. The eleven (11) national 

outcomes and four (4) Dundee climate action categories aligned with exactly 1 SDG in 3 

instances (SDGs 13, 14 and 15) and 6 (SDGs 2, 4, 5, 6, 14, 16) respectively. There are 10 SDGs 

(1, 2, 4, 5, 6, 7, 9, 10, 12, 16) for which linked national outcomes are more than linked Dundee 

actions and 4 SDGs (11, 13, 15, 17) for which linked DCC actions are more than linked national 

outcomes, with a tie in SDGs 3, 8, and 14. The SDGs most frequently linked to national 

outcomes are SDGs 5 (all 11 national outcomes), 10 (10 outcomes) and 7, 9 and 12 (5 outcomes 

each). All 4 Dundee action categories were linked to SDGs 9, 11, 13, 17. 

 

Combining Figures 3 and 4, we interpret these results as meaning that Dundee is either 

prioritising some SDGs or has identifiable actions that can be linked to the SDGs in a manner 

different from the linkage of the national outcomes to the SDGs. This is consistent with the 

ethos of allowing local authorities to identify and pursue interventions that are more relevant 

to their local needs. Altogether, linkage to SDGs is more often by indirect means through other 

national outcomes (Scotland) or actions (Dundee). The activities identified by Dundee relate 

specifically to the climate action plan, which are not described or categorised using the same 

language or terminologies or cover the same range of issues as the Scottish national outcomes. 

Specifically, the resilience action category provides a broad range of actions that helps to link 

Dundee’s actions to 16 of the 17 SDGs.
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Figure 3: Frequency of linkage of Dundee’s energy, transport, waste and resilience actions to the SDGs 

 

 
Source: Authors’ analysis of Dundee’s identified actions in Dundee Climate Action Plan (2019) 
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Figure 4: Scottish NPF and Dundee’s interventions mapped against the SDGs 

 

 
Source: Authors’ mapping of the Dundee City’s plans and their linkages to the four (4) Climate 

Action Plan (2019) themes of Energy, Transport, Waste and Resilience, and the Scottish National 

Performance Framework (2019). 
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4.2 Dundee’s EV charging infrastructure development 

 

The preceding linkage evaluation process uses Dundee’s stated connection between the actions specified 

in the climate action plan and the SDGs. EV charging infrastructure is explicitly mentioned concerning 

SDGs 11 and 13 in Dundee’s climate emergency declaration (Dundee UN Goals, 2019) while the Climate 

Action Plan directly articulates ‘transport’6 actions on this, with implied actions relating to ‘energy’, 

particularly about installation of photovoltaic panels which are used to power some of the EV charging 

hubs. In the final part of our analysis, we review the operational aspects of the infrastructure provisioning 

to independently comment on their relationship to the SDGs and the extent the strategy helps to mitigate 

or inadvertently promote inequalities.  

 

4.2.1 Location of infrastructure, deprivation index and access 
Charging infrastructure could be classified as Standard or ‘slow’, Fast or ‘destination’ and Rapid or ‘en 

route’ charge points7. In the map of Figure 1, the Scottish Index of Multiple Deprivation (SIMD, 2020) 

could be indicative of areas where access to on-street parking could be an issue. However, fast and rapid 

type charging infrastructure predominate in Dundee at specific destination, work, and car park and hub 

(including taxi charging) locations (Table 1). The previous contextual review (section 0) favours 

commuters or ‘destination’ charging users (Wolbertus and Van den Hoed 2019) that can access Dundee’s 

location for work or leisure from across the country. This appears to align with SDG 8 (decent work and 

economic growth) but brings equitability of infrastructure into doubt for domestic users who do not 

require charging, contrary to SDG 10 (reducing inequality). The infrastructure also indirectly links with 

SDG 4  in being situated in schools and universities in Dundee, together with the uptake of the study of 

research into sustainability issues. 

 

Table 1: List of charge points in Dundee categorised by location and type 

 
Data Source: Zap Map (available at: https://www.zap-map.com/locations/dundee-charging-points/; 

accessed: 22 May 2020) 

 

                                                 
6 Transport became the largest emitting sector of greenhouse gas (GHG) emissions in 2016 and accounts for 31% of emissions 

in the 2018 national statistics (UK GHG, 2020). 
7 Slow chargers are typically rated 3.7 – 7 kW AC for at home, off-street or on lampposts overnight or top up charging. Fast 

chargers are rated 7 – 22 kW AC daytime, ‘grazing’, top up or overnight on street, car parks, supermarkets or workplace 

charging. Rapid chargers are rate 50+ kW DC / 43 kW AC intended for motorways and A roads, petrol stations and busy 

roads with a time to 80% or full charge of 20-40 minutes for on the go use. 

Type Rating/Connector Car Park Hub On Street Supermarket Taxi Hub Workplace Total %

Slow  3kW 13A  3-Square pin 1 1 0.8%

 7kW 32A  Type 2 Mennekes 18 10 4 7 39

 22kW 32A Type 2 Mennekes 14 4 3 21

 43kW 63A  Type 2 Mennekes 2 12 2 5 1 22

 50kW 125A  CCS (Combo) 1 12 5 2 20

 50kW 125A  JEVS (CHAdeMO) 2 12 5 2 21

Total 23 50 16 4 15 16 124

Fast

Rapid

Location

48.4%

50.8%
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4.2.2 Funding arrangements and incentivisation 
Green infrastructure has been associated with above-average payback periods and modest return on 

investment, at least in the early stage, because of high upfront costs, uncertain or disjointed policy 

environment and market failures (Kaminker et al. 2013). Where immediate payback or payoff is unlikely, 

there must be another sound basis for justifying investment in green infrastructure. Increasingly, 

alignment with the SDGs can provide a veritable framework for green infrastructure project selection 

and execution (Adetiloye et al. 2019). Typically, the arguments have centred on promoting care for the 

environment and reduction of GHG emissions and global warming. Grant funding by the Office for Low 

Emission Vehicles (OLEV) supports home charging and workplace charging schemes. In addition to 

these, Transport Scotland also provides grants and support in the form of Switched on Towns and Cities 

Feasibility Studies; Switched on Towns and Cities Challenge Fund; ChargePlace Scotland (funding 

public charge points at destinations and for workplaces to install EV charging infrastructure); and Low 

Carbon Transport Loan Fund (EST 2019). 

 

With the growing demand for charge points and reducing unit cost, the use of concessionary contracts to 

build and operate charge points for a profit have become popular. Concessionaires take advantage of 

localised demand conditions (e.g., private land access and growing popularity of EV cars) and supply 

factors (e.g., using wind and solar PV technology) to overcome limitations previously constituting an 

entry barrier.  

 

Dundee has been successful in securing various grants and funding for its EV charging infrastructure 

development. It was awarded £515,500 for installation of 11 Rapid and 2 Fast charge points in the first 

round of funding in the ultra-low emission vehicle (ULEV) Taxi Infrastructure Scheme. EST (2020b) 

also indicates Dundee has received £576,774; £692,540 and £126,231 under the Business, Domestic and 

‘Switched on Taxi’ (SOT) Low Carbon Transport Loan scheme since 2011/12 financial year. Funding 

paid per financial year in Scotland by loan type (Business, Domestic, Hackney and SOT [launched in 

2019] and in total) since inception are shown in Figure 5. 

 

To encourage EV take-up Dundee has been offering free parking and charging for 100% EVs and 

charging tariffs8 are only now being introduced. Dundee also owns its fleet of EVs with dedicated council 

charge points. Membership of ChargePlace Scotland confers benefits of broader access to charge points 

across Scotland. Recorded charging sessions have been growing steadily according to figures published 

in the Drive Dundee Electric campaign. However, while these measures will appear to align with SDGs 

7, 11 and 13 directly or indirectly, the equitability of the funding arrangements can be questioned for 

perpetuating a two-tier system arising from the ‘destination’ charging nature of the infrastructure. 

 

Dundee has 71.5% (Scotland 73.3%) of the population in full-time employment of which 6.8% (10.7% 

nationally) earn less than the minimum wage as at Q3, 2019 (SOS 2020). The statistics also show average 

                                                 
8 Tariffs currently depend on the type/speed of chargepoints. Slow chargepoints are typically charged at 10-20p/kWh, fast 

chargepoints cost 20-30 p/kWh with connection fees of around 50p, while rapid chargepoints charge users 30p/kWh and 

above with connection fees of around £1-£2. 
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gross weekly earnings (all patterns of work) of £495.6 (national £548.4), with males earning £579.1 

(national £655.6) and females £428 (national £452.1) meaning a gender pay gap of 10.6%. These figures 

raise questions about EV affordability with gender discrepancies that may mean EV infrastructure use 

may be inequitable contrary to SDGs 5 and 10. 

 

Figure 5: Scotland Low Carbon Transport Loan Statistics 

 
Source: EST (2020b) 

 

Planning authority inequality considerations 
As a means of promoting sustainable travel, Dundee’s planning approval process now requires that before 

the commencement of work on a site, details of a charging point for EVs shall be submitted to the Council 

and subsequently installed and fully operational before the first occupation of the flats and offices. By 

searching the database of planning approvals from 2013, we identified 20 such applications included an 
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EV infrastructure installation plan. Of these, 3 were refused, including plans for a park and ride facility 

and a proposal for a residential estate.The latter was approved subject to conditions on re-application. 

Two applications were withdrawn but resubmitted and received approval, and two are currently 

registered as a pending decision. 

 

We argue that making EV installation compulsory for developers could substantially increase capital 

cost, which may disadvantage some stakeholders. Planning will also consider access to private land and 

issues regarding TROs, the existence or proximity to a power supply, which could result in an expensive 

connection to grids or capital cost of installing renewable energy infrastructure (EST 2019 and 2020a). 

 

4.2.3 User penetration and cross-county/national opportunities 
The number of battery electric vehicles (BEV) and other ULEVs licenced in Scotland have grown from 

930 and 117 in 2014 Q1 to 7,529 an 8,581 in 2019 Q4 respectively and the proportion of ULEVs 

registered for the first time has increased from 0.3% in 2014 Q1 to 3.6% in 2019 Q4 (DFT, 2020). The 

preliminary figures for Dundee indicate that ownership of EVs is increasing and use of EV infrastructure 

(measured by frequency of charging sessions) is growing. Dundee’s charge points per 100,000 population 

are highest in the region. Still, these numbers may be skewed by the number of EV taxis in the published 

figures (Table 2), just like the prevalence of EVs in local authorities (Perth and Kinross and Fife) with 

park and ride facilities supports the popularity of the destination charging approach. However, with an 

ambitious 10-year target of EVs representing 20% of all vehicles in the city, there is still a long way to 

go. 

 

Table 2 is evidence for joined-up thinking in EV infrastructure development, where ChargePlace 

Scotland members may give access to various charge points for journeys away from home. This is aligned 

with SDG 17 (partnership for the goals). However, a differential incentive of reduction of EV testing 

fees for Dundee means a cost-saving for users that can afford EVs. This could create inequalities for 

regional registration and use of EVs. We note that broader incentive schemes to discourage unsustainable 

fossil fuel use will need to consider these differences across local authorities. 
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Table 2: Incentives comparison – Dundee and neighbouring local authorities 

 
 

  

Incentive Dundee 

City 

Angus Perth & 

Kinross 

Clackman

nanshire 

Fife 

Residential EV charging Yes Being 

considered 

Being 

considered 

Planned No 

EV charging at park and rides No No Yes No Yes 

Discounted parking for EVs Yes Yes Being 

considered 

No No 

EVs allowed in bus lanes No No No No No 

EV demos or experience centre No Being 

considered 

No No No 

Low Emission Zone or Policies/ 

Clean Air Zone/Air Quality 

Management Area 

Planned 

(LEZ) 

No Being 

considered 

(CAZ) 

No Yes 

(AQMA) 

Number of charge points 111 59 101 19 98 

Number of plug-in vehicles 397 276 457 82 736 

Charging devices per 100K 

population* 

61 47 52 33 21 

Other 

Dundee: £11 reduction in testing fees for electric taxis. 

Angus: Angus Council offer free parking to EV users for charging times only. 

Perth & Kinross: N/A 

Clackmannanshire: N/A 

Fife: Grant funding for home charging and businesses is provided through Transport Scotland administrated 

through Energy Saving Trust. Fife Council promotes the national ECOStars scheme for business and taxi 

fleet operators to provide information and support on fleet operating, including advice on EV's. Through 

ECOStars, Fife Council has run events with the local taxi operators to encourage them to take up the taxi 

operators grants. 

Source: Go Ultra Low (Accessed 19 May 2020) 

* Department for Transport (DfT), October 2019 

http://www.dmu.ac.uk/


                 
 

 

38 

 

5.0 Discussion, recommendation and conclusion 
 

We question the benefit of green investment from the perspective of the potential for green investors to 

optimise asset pricing and performance (Ng and Zheng, 2018). Dincer (2000) argues that environmental 

problems need the establishment of potential long-term actions for sustainable development. However, 

these are not always amenable to predicting future uptake and benefits. As such, SDGs have emerged as 

a useful basis for successfully setting the agenda of green infrastructure projects and for navigating the 

distracting factors. 

 

The interventions associated with the Dundee EV charging infrastructure strategy have been potentially 

designed to benefit Dundee residents – an approach widely acclaimed to be successful. Dundee’s 

emergence as a leading EV infrastructural ecosystem results from a combination of unique contextual 

factors, including leadership committed to and declaring a climate emergency and specifying climate 

actions; the choice of ‘destination’ hub approach; and the existence of allied industries and historical 

adaptability to transitioning the city’s economy. A greener Dundee city is emerging with prominent 

positive spinoffs for Scotland. 

 

However, its mapping against SDGs 4 (gender equality) and 10 (reducing inequality within and among 

countries) raises doubts about equitability. Presently, the location of infrastructure appears to be outside 

the reach of domestic users and affordability of EVs is an issue. Misalignment between green 

interventions and some SDGs could arise from the way policy frameworks are designed in the UK as 

devolved governments prioritise areas of development based on their perceived needs. Such 

misalignment also applies to interventions being pursued at local and community levels. Invariably, 

inequalities are created across local authorities working with the national outcomes of the NPF (2019) 

and the local authorities optimising the implementation of their contextual plans. In this regard, the action 

plans of Dundee, reviewed here, align directly only with some SDGs. Pursuing green development plan 

suited to the prevailing circumstances of local authorities and cities is leeway to better align interventions 

with SDG objectives.  

 

This paper has reviewed Dundee City Council’s EV intervention, raising the question of equitability – 

as Schubert (2017) questions the fairness of the use of green nudges – rather than the traditional incentive-

based rational economic choice. It is shown, as has been acclaimed, to be a successful clean energy 

intervention which is acceptable to the city’s young working-class population that is sensitive to the 

environmental implications. However, it seems the intervention also relates to the green nudges ideology 

of employing behavioural policy tools to encourage consumers to act in an environmentally benign way 

(Schubert, 2017). Meanwhile, successful bids for infrastructure development augurs well for scalability, 

and adoption by smaller, similar or bigger cities – especially in Scotland. 

 

It is conclusive that DCC’s EV project was planned and executed in alignment with many SDGs, but this 

alignment can be improved upon. To better align projects to the SDGs, projects must be equitable. We 

recommend that the immediate needs of the city-dwellers should be considered first to ensure effective 

and equitable mapping of green policy interventions with SDGs. Furthermore, such responses should 
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determine the perception and weights/ranking of the SDGs amongst a broader spectrum of society. We 

further recommend that prevailing needs in the city which align with SDGs 4 and 10 should be 

considered. Access must extend to low-income groups across the city and neighbouring towns to improve 

the alignment of the EV project in DCC. 

 

Finally, it will be useful to consider carefully and to understand perhaps, in a future study, how SDGs 

are being adopted – given more urgent needs competing for resources in Dundee. Such a study will 

contribute to the discourse, in the broader context, of how cities and local authorities can justify 

investment in green infrastructure given competing local needs for limited funds. 
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Abstract 

Climate actions plans are being developed around the world by different countries and cities to address 

the negative effects of climate change. Glasgow city in Scotland is also affected by climate change, and 

its city council has started to implement Sustainable Development Goals to decrease its vulnerability to 

climate change and to achieve a sustainable Glasgow city. The aim of this study is to perform a 

sustainability assessment of Glasgow city in terms of environmental, social, and economic quality aspects 

as well as greenhouse gas emissions using an available sustainability assessment tool. The performed 

sustainability analysis using the CASBEE-City assessment tool shows that Glasgow city is a relatively 

sustainable city with adequate scores regarding the quality of life of its citizens and low greenhouse gas 

emissions. Recommendations for achieving a better sustainability in this city based on the evaluated 

indicators are increasing urban greenspaces around the city, local electricity and heat generation with 

low carbon sources, and improving crime prevention by reducing inequalities in income and education. 

 

Keywords: cities, greenhouse gas emissions, climate action plans, sustainability assessment 

 

1.0 Introduction 
A large proportion of the world’s population has moved to urban areas in the recent century and this 

trend still continues. It is predicted that the urban residents will reach to around 6 billion by 2045, 

requiring basic services, such as energy, infrastructure, decent and affordable housing, etc. (World Bank, 

2020). Despite cities only cover around 3% of the total world’s area, they have a significant effect on the 

climate change consuming two thirds of the global energy consumption and responsible for more than 

70% of greenhouse gas (GHG) emissions (World Bank, 2020).  

 

Climate change is one of the most important threats for sustainable development which significantly 

affects the basic requirements of people’s lives including food, water, and health. Due to high 

concentration of population and economic activities, expected climate change impacts can significantly 

affect livelihoods of large number of people in cities, and particularly the poor and vulnerable segments 

of their populations. Despite the pressures that cities impose to land and natural resources, urbanisation 

also offers opportunities for sustainable growth by allowing innovation, enhancing local capacities and 

planning systems, and strengthening urban resilience to climate and non-climate impacts. Cities play an 

important role not only for contributing to the global efforts to mitigate climate change, but also for 

tackling urban poverty and building inclusive, resilient and sustainable communities able to adapt to 

climate change. 
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Countries around the world have adopted the United Nations Sustainable Development Goals (SDGs) 

recognising the need of addressing different challenges to improve human well-being, economic growth, 

social and environmental sustainability. Local action in cities is considered an essential part of the 

transformation required to enable sustainable development by 2030. However, due to the different 

dimensional views on progress and the interactions between SDGs and their indicators, synergies and 

lessons learned from local initiatives are easily missed or poorly understood (Fenton & Gustafsson, 

2017).  

 

In the particular context of Scotland, the relevance of the global SDGs was investigated by Long et al. 

(2018) to determine the data availability, progress and performance of SDGs considering all 169 targets 

and indicators of the 17 SDGs. A key vehicle for the delivery of SDGs in Scotland is the National 

Performance Framework (NPF) and its associated national outcome indicators. The authors found that 

some NPF targets and indicators were well aligned to SDG4 (education) and SDG8 (economy and decent 

work); other goals, such as SDG5 (gender), SDG10 (inequality) and SDG12 (sustainable consumption 

and production) were the least represented in the NPF, and some global SDGs were found to be not 

applicable to the Scottish context. As to climate action (SDG13), the Scottish government is 

implementing different strategies to promote mitigation and adaptation of climate change through the 

Climate Change (Scotland) Act 2009 to guarantee the reduction of GHG emission levels in Scotland by 

80% by 2050. Climate action is also supported through funds allocated every year by the Scotland 

government to explore ways for the use of renewable and clean energies (SDG7) by different sectors 

including industries. Further strategies could also focus on waste reduction disposed in the landfills and 

the improvement of public transportation. 

 

This aim of this study is to understand how the city of Glasgow integrate SDGs into their Climate Action 

Plans through examining how its climate change mitigation and adaptation plans may be addressing the 

SDGs; and evaluating the sustainability and GHG emissions of Glasgow city based on a specific 

assessment methodology. 

 

Following this introduction, section 2 provides an overview of the city of Glasgow including its GHG 

emissions, existing and future climate change impacts as well as the climate mitigation and adaptation 

efforts conducted in the city. The methodology behind the sustainability and GHG assessment using the 

CASBEE-City tool is explained in section 3, while the results for the city of Glasgow are presented in 

section 4. Conclusions and recommendations are presented in section 5. 

 

2.0 Glasgow City 
The city of Glasgow is one of the main cities in Scotland, situated on the bank of River Clyde in the West 

Central Lowlands. The city had an estimated population of 633,120 inhabitants in 2019 (National 

Records of Scotland, 2020), with an average annual population growth rate of 0.3% since 2011 

(Population UK, 2020). Since the start of industrial revolution, this city progressed rapidly in population 

and economy and became a centre of the chemical and textiles industries. Currently, key economic 
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sectors relate to Finance and Business Services, Tourism and Events, Life Sciences, Low Carbon and 

Engineering, Design and Manufacturing. In 2019, the city generated £19.9 billion of gross value added 

(GVA) (Skills Development Scotland, 2020) with 312,500 people economically active (Office for 

National Statistics, 2020). 

 

2.1 Climate change impacts and greenhouse gas emissions in Glasgow 

The average annual temperature in Glasgow is 8.5 °C, with the highest temperatures (14.5 °C) around 

July and coldest temperatures (3 °C) in January. The amount of rainfall in this city is significant 

throughout the year, with an average yearly rainfall of 1,171 mm (compared to the annual precipitation 

average of 885 mm in the UK) (CLIMATE-DATA.ORG, 2020). As many other countries in the world, 

Scotland is currently affected by climate change. Its effects have been seen in increased temperature, sea 

level rise, heavy rainfall and floods, and less snow cover. The average land temperature changes in 

Scotland have been similar to the UK between 2005 and 2015 with an average increase of around 0.9°C 

compared to the 1961-1990 baseline period, while the regional summer mean temperatures are expected 

to rise  between 0.9°-4.5°C by 2050 under a medium emissions scenario (ASC, 2016). Annual rainfalls 

in Scotland have also raised about 15% above the average than the baseline period. An increase of rainfall 

in the winter is predicted for the west of Scotland in the next 20 to 50 years, while in the summer it is 

expected a drastic decrease in rainfall by 2080 (GCC, 2009a). Winter rains may become up to 15% or 

20% heavier which can bring a widespread flooding across the Scotland, leading to serious economic 

and social problems for the people who live in the risk areas (GCC, 2009a). 

 

In terms of greenhouse gas emissions, Glasgow city generated 2.6 million tonnes (Mt) of CO2e in 2017 

(BEIS, 2020). As an industrial city with significant dependence on the commercial and public sectors, 

the industry and commerce sectors are the largest contributors (35.7%, 0.93 Mt CO2e). While there is a 

large electricity use for heating, cooling, hot water and lighting in non-domestic buildings related to 

retail, finance, commercial, data processing and storage, and distribution warehouses activities, high gas 

consumption can be associated with the food and drink sector, leisure sector, large public buildings (such 

as hospitals) and few large manufacturing facilities. The second largest emitter in the city is the transport 

sector (33.7%, 0.88 Mt CO2e). Despite a lower car ownership compared to other cities around Scotland 

and the UK, there is still a large proportion of private cars and public buses using diesel. Emissions of 

the domestic sector account for 30.3% of the city’s total emissions (0.79 Mt CO2e), predominantly using 

gas (68%) and electricity (31%). LULUCF9 emissions accounted for only 0.3% of the total emissions 

(6.9 ktonnes of CO2e). 

 

2.2 Climate mitigation and adaptation strategies in Glasgow 

The UK Climate Change Act 2008 requires reducing the country’s GHG emissions by 80% in 2050 

compared to 1990 levels, including the emissions from the devolved administrations (Scotland, Wales 

and Northern Ireland). The Scotland’s Climate Change Act 2009 also committed to an 80% emissions 

reduction target by 2050 from 1990 levels, with interim targets of 42% by 2020 and 50% by 2030 (GCC, 

2013). In 2019, these targets were amended by the Climate Change (Emissions Reduction Target) 

                                                 
9 Emissions or removals related to land use, land use change and forestry. 
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(Scotland) Act and committed to reduce Scotland’s emissions of all greenhouse gases to net-zero by 

2045, with interim reduction targets of 56% by 2020, 75% by 2030 and 90% by 2040 (Scottish 

Parliament, 2019). In 2010, Glasgow City Council committed to an emissions reduction of 30% by 2020 

from a 2006 baseline set out in its Sustainable Energy Action Plan approved by the EU Covenant of 

Mayors (GCC, 2013). In 2019, the council declared a climate and ecological emergency, and 

subsequently Glasgow set a target of becoming a carbon neutral city by 2030 (Glasgow City Council, 

2019). 

 

Glasgow City Council have developed several climate mitigation action plans and projects, such as the 

Carbon Management Plan 2013-2021 along with the Energy and Carbon Masterplan involving various 

initiatives council-wide (such as boiler and voltage optimisation, smart meters, behavioural change 

campaigns, lighting upgrades) as well as city-wide in its energy supply and demand sectors (GCC, 2013). 

Other relevant strategies include “Sustainable Glasgow”, a city-wide partnership established in 2010 to 

help Glasgow to become a sustainable city through a significant reduction of CO2 emissions. This project 

focuses on urban regeneration, delivering jobs and training, helping change the city’s image, regenerating 

communities, and tackling fuel poverty (Bellingham, n.d.). 

 

Similar to the adopted approaches to mitigate the causes of climate change, the Glasgow City Region has 

developed a cross-sector initiative under the name of the Climate Ready Clyde to lead on the region’s 

adaptation strategy and action plan. This initiative has identified a series of actions required to address 

long-term climate impacts, such as protecting health and social care facilities against flooding and 

overheating, target action to address impacts on key transport infrastructure, reducing risks to the built 

environment through low carbon retrofit, protect the natural environment against extreme weather events 

and wider pressures, such as land use and pollution, and reducing health risks impacts on vulnerable 

groups, among others (Climate Ready Clyde, 2018). For adaptation against flooding, Glasgow City 

Council has developed projects with other partners such as the Scottish Water and the Scottish 

Environment Protection Agency (SEPA). Projects include designing systems for water or rain drainage 

from local roads and public highways, systems for flood defences, maintenance of watercourses, 

sustainable urban drainage systems and control of floods as a result of heavy rainfall and tidal and river 

flooding. Glasgow City Council is also responsible of improve the health and well-being of its residents, 

particularly vulnerable people. To achieve this, the Council has launched a centre for population health 

as a helping agency that works with the National Health Service to inform and support action to improve 

health and tackle inequality for those people living in poverty and cannot easily access resources that can 

improve their health (Glasgow Centre for Population Health, 2019). 

 

Involving both mitigation and adaptation strategies, it is relevant to mention the “Glasgow City Plan 2”, 

which is part of the city’s development plan, focusing on improving the historic and natural environments 

in the city; developing infrastructure to reduce the need to travel, particularly by car; developing new 

transport schemes and increasing links between different transport networks; extending recycling 

services and facilities; promoting sustainable design and construction; and delivering drainage and 

flooding strategies among others (GCC, 2009b). 
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3.0 Methodology: Sustainability assessment method for cities 
The method for sustainability assessment of cities, which was used in this study is CASBEE 

(Comprehensive Assessment System for Built Environment Efficiency). The CASBEE software was 

developed by the Japan Sustainable Building Consortium (JSBC) and Institute for Building Environment 

and Energy Conservation (IBEC) as an assessment tool initially for offices and individual buildings in 

2002, similar to building assessment systems such as the UK BRE Environmental Assessment Method 

(BREEAM) and the US Leadership in Energy and Environmental Design (LEED). This method was later 

expanded to the city scale to include the evaluation of homes, buildings and urban development in 2011 

(CASBEE-City) to enable stakeholders to evaluate cities based on SDG indicators and GHG emissions 

within their specific administrative boundaries (Kawakubo, et al., 2018). The assessment is performed 

by defining two parameters: quality (Q) which includes economic, social and environmental factors 

inside the city, and load (L) which reflects the external environmental load by accounting the GHG 

emission. The built environment efficiency (BEE) is then defined by division of Q over L. A high score 

for Q and low score for L in a city assessment, results is a high BEE which means that this city has a 

good environmental efficiency and sustainable condition. 

 

For the quality assessment Q, CASBEE selects items and indicators from the proposed 230 global 

indicators for the 17 SDGs. Indicators were selected based on different parameters such as data 

availability, relevance, and if the indicators can be quantified or clearly defined. The Q assessment 

consists of three main categories: environmental aspect Q1, social aspect Q2 and economic aspect Q3. 

Each main category is divided into different minor categories and these are subdivided to one or more 

indicators (scored from 1 to 5). The total score for Q (100-points scale) is the sum of all indicator scores, 

using a weighting coefficient which is equal to 1 by default, but can be adjusted when the indicator’s 

data are not available. A similar procedure exists for the L load assessment, where it is divided into two 

main categories: CO2 emissions from energy sources L1 and CO2 emissions from non-energy sources 

L2. For full explanation of the methodology and indicators, see Kawakubo et al. (2018). The CASBEE-

City software operates on several Excel sheets: main sheet, score sheet and result sheet. This software 

and its technical manual can be downloaded at IBEC (IBEC, 2018). 

 

To examine the climate actions in Glasgow, a wide range of publicly available documents were used for 

analysis, including the action plans and projects described in section 2. These secondary data were useful 

not only for the sustainability assessment of the city, but also to explain the results presented in section 

4. 

 

4.0 Sustainability and GHG assessment results for the city of Glasgow 
Quantitative data values for each indicator for the Glasgow city should be inserted to the scoresheet of 

the CASBEE-City software for scoring and assessment. The required data was obtained mainly by the 

Glasgow city council statistics, Scotland government, and other sources about Glasgow statistics 

(Glasgow City Council, 2020; Glasgow Centre for Population Health, 2020; Office for National 
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Statistics, 2020). Table 1 presents the most recent available quantitative data used for different indicators 

for the city of Glasgow. 

 

The breakdown scores for different aspects of quality Q for the Glasgow city assessment is presented in 

Figure 1. The average score of the environmental aspect (Q1) is 2.94, assessed by four categories. Among 

the sub-category scores, resource recycling (Q1.4) scored 3.81 reflecting the city’s efforts to improve 

waste recycling following guidelines of the Scottish Government Waste Plan. It is then followed by the 

nature conservation score (Q1.1) of 3.59 due to the city’s high ratio of green and water spaces (70%), 

and the local environmental quality (Q1.2) score of 3.36 due to good local air quality, but limited water 

quality. The environmental policy (Q1.4) has the lowest category score with 1 due to the low CO2 

absorption of greenspaces within the city. 

 

The average score of the social aspect (Q2) is 3.4, divided into three main sub-categories. The social 

vitality (Q2.3) has a high score of 4.99 based on the city’s low ratios of population change due to births 

and deaths (2%) and migration (1.9%). The living environment sub-category (Q2.1) scored 2.61. Despite 

having an adequate quality of housing (104 m2 average surface) and good disaster preparedness (6 

hospitals per 100,000 people), road and crime safety measured by number of accidents and crimes per 

1,000 people are relatively high in the city. The social services sub-category (Q2.2) had a score of 2.56. 

While the provision of educational and cultural services seems adequate, a larger number of facilities for 

childcare and services of elderly people would be desirable. 

 

The economic aspect of this assessment (Q3) seems to have a relatively equal score for its main 

categories. The financial vitality score (Q3.2) has the highest score of 3.48, followed by the emission 

trading score (Q3.3) of 3. The financial vitality is measured through tax revenues and outstanding local 

bonds. A high score is not surprising as Glasgow is the third most important financial centre in the UK 

and has its own dedicated International Financial Services District. No data was available for the emission 

trading sub-category. The industrial vitality (Q3.1) sub-category measured in the amount of per capita 

gross regional product (3.2 million yens) shows a relatively adequate level of businesses and employment 

in the city. 

 

Table 1. Glasgow data for each indicator in CASBEE-City (version 2012) 
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Figure 1. CASBEE-City breakdown of quality Q scores 

 
 

The breakdown scores for different major categories of the environmental load L for the Glasgow city 

assessment is shown in Figure 2. Since L deals with the GHG emissions for different sectors, the desired 

score for this parameter should be as lowest as possible. The annual per capita CO2 emissions in Glasgow 

is 6.2 tonnes per person. It was calculated by the sum of CO2 emissions by different sectors. The emission 

for each individual sector is calculated based on the published data for the total GHG emissions by that 

sector in tonnes and divided by the population of this city to get t-CO2e / person in a year (BEIS, 2020). 

 

The industrial sector has the highest amount of emissions, 1.5 tonnes CO2 per person per year due to a 

high electricity and gas use in industry and businesses. Although the carbon intensity of the UK electricity 

grid has been reducing as the proportion of wind generation increases, this emission factor is influenced 

by gas prices, which has led to an increase of coal use for power generation (GCC, 2013). It is then 

followed by the transportation sector with 1.4 tonnes which is due to the high number of vehicles which 

still use carbon-based fuels, particularly diesel. The residential sector produces around 1.3 tonnes of CO2 

per person per year. The waste sector has the lowest values with an annual per capita emission of 1 tonne 

of CO2. These scores show that energy demand sectors in Glasgow city need to conduct further efforts 

to reduce their CO2 emissions. 

 

Figure 2. CASBEE-City breakdown of environmental load L scores 
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The assessment of different qualities and load for the Glasgow city is shown as a radar chart in Figure 3. 

The ideal condition of a city would be for the case when the blue lines in the chart reaches to each corner 

representing the highest score of 5. For Glasgow, all main Q categories scored higher than 3 (out of a 5-

points scale).  

 

Figure 3. CASBEE-City radar chart with assessment of main categories of Q and L 

 
 

To estimate the Built Environment Efficiency (BEE), the total quality Q and environmental load L scores 

are calculated in a 100-point scale. The total Q score is estimated by summing the 5-point scores for each 

indicator and weighting coefficients. For this assessment, the weighting coefficients are set to be equal 

within the environmental, social and economic categories as set by the default settings. However, these 

coefficients could be changed based on the interactions among the 17 goals, targets and related indicators 

(Kawakubo, et al., 2018). The total L score is calculated by applying a logistic function considering both 

the city and the global average per capita emissions (approximately 5t-CO2e/person/year) to compensate 

disparities of annual per capita emissions among cities (Kawakubo, et al., 2018). As shown in Table 1, 

the values for total Q and total L for Glasgow city are 53.8 and 28.4 respectively. The ratio of these two 

values results in the BEE for Glasgow which is 1.8.  

 

Subsequently, the BEE chart can be plotted on a 100-point scale, where the vertical axis represents the 

Q score, and the horizontal axis represents the L score. In this chart, the BEE is expressed as the slope of 

a straight line which connects the origin point (0,0) and the maximal point for total Q score and total L 

score. Based on the calculated gradient for BEE, the sustainability assessment of the cities categorises 

them into 5 rankings: S (excellent) [BEE=3], A [3>BEE>1.5], B+ [1.5>BEE>1], B– [1>BEE>0.5] and 

C (poor) [BEE<0.5]. Cities with high quality Q and low load L (S, A rankings) are regarded as “relatively 

more sustainable” cities, while cities with low quality Q and high load L (B-, C rankings) are regarded 

as “relatively less sustainable”. 

Based on this assessment and calculated BEE gradient for Glasgow, this city is ranked in A category as 

shown in Figure 4(a), which means that it has a relatively sustainable condition due its high quality and 

low environmental emission load (see also Figure 4(b)). 
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Figure 4. CASBEE-City results: (a) BEE for Glasgow, (b) BEE categories 

    
 

5. Conclusions and recommendations 
The CASBEE-City assessment methodology and tool are useful for understanding and visualising the 

current progress of cities towards achieving global SDGs and GHG emissions reduction targets due to 

the large number of indicators used in the assessment. This type of assessments allows cities to monitor 

and evaluate the effectiveness of measures and practices being implemented towards sustainable 

development and climate change mitigation.  

 

In the case of Glasgow City, its low environmental load (L) may be attributed through the deployment 

of several initiatives and partnership projects of its carbon management plan described in section 2.2. In 

a similar manner, the high-quality score (Q) comprising environmental, social and economic quality can 

be attributed to measures deployed through the Glasgow City development plan and projects conducted 

by the Climate Ready Clyde initiative. Based on the CASBEE-City assessment, Glasgow is classified 

under a relatively sustainable city, but there are aspects that the city could still improve to become a more 

sustainable city. For example, the living environment and social service categories of the social aspect 

achieved low scores due to low crime prevention (71 crimes per 1,000 people) and limited facilities for 

childcare (0.2 facilities per 100 people) respectively. To improve these scores, relevant authorities such 

as the National Health Service, the city council and other institutions could adopt better policies to lessen 

the reasons which causes crime, such as inequalities in income and education, as well as increasing the 

number of facilities for childcare. Despite Glasgow has an adequate ratio of green and water spaces for 

nature conservation, the city’s GHG inventory indicates that more greenspaces are needed within the city 

so the current LULUCF emissions can become carbon removals. 
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To achieve carbon neutrality by 2030, Glasgow City Council is planning to introduce a low emission 

zone for the city centre, develop a plastic reduction strategy, a circular economy route map, a food 

growing strategy, and a wide range of projects within its new local transport strategy, including an electric 

vehicle strategy and the deployment of zero emissions vehicles for the council’s fleet (Glasgow City 

Council, 2019). All these strategies will gradually reduce the environmental load of the city. 

 

Some limitations of this study were that for some indicators relevant data were unavailable (e.g. amount 

of emissions trading), which could not be input in the tool. In future research, it would be advisable to 

find the relevant missing data, and also to adapt the weighting coefficients of the assessment 

methodology to the local context. 

 

Acknowledgements 

The authors would like to thank Dr. Shun Kawakubo and the Institute for Building Environment and 

Energy Conservation (IBEC) for granting permission of using the CASBEE-City tool for the student’s 

dissertation and presenting results for Glasgow city based on this tool. The first author also acknowledges 

the funding support from the Networking grant for UK-Japan research collaboration under the grant 

ES/S013547/1 (Integrating the sustainable development goals into climate planning in British and 

Japanese cities) funded by the Economic and Social Research Council of the UK. 

 

References 

ASC, 2016. UK Climate Change Risk Assessment 2017 Evidence Report – Summary for Scotland, 

London: Adaptation Sub-Committee of the Committee on Climate Change. 

BEIS, 2020. UK local authority and regional carbon dioxide emissions national statistics. Department 

for Business, Energy and Industrial Strategy. [Online] Available at: 

https://www.gov.uk/government/collections/uk-local-authority-and-regional-carbon-dioxide-emissions-

national-statistics 

Bellingham, R., n.d. Sustainable Glasgow, Glasgow: University of Strathclyde. 

Climate Ready Clyde, 2018. Towards a Climate Ready Clyde: Climate Risks and Opportunities for the 

Glasgow City Region. [Online]. Available at: https://www.crc-assessment.org.uk/ 

CLIMATE-DATA.ORG, 2020. Glasgow Climate (United Kingdom). [Online] Available at: 

https://en.climate-data.org/europe/united-kingdom/scotland/glasgow-20/ 

Fenton, P. & Gustafsson, S., 2017. Moving from high-level words to local action: governance for urban 

sustainability in municipalities. Current Opinion in Environmental Sustainability, Volume 26-27, pp. 

129-133. 

GCC, 2009a. Climate Change Strategy and Action Plan, Glasgow: Glasgow City Council. 

GCC, 2009b. Glasgow City Plan 2 Summary, Glasgow: Glasgow City Council. 

GCC, 2013. Energy and Carbon Masterplan Sustainable Glasgow, Glasgow: Glasgow City Council. 

http://www.dmu.ac.uk/


                 
 

 

63 

 

Glasgow Centre for Population Health, 2019. Response to the Scottish Government's Climate Change 

Adaptation Programme 2019 to 2024. [Online]. Available at: 

https://www.gcph.co.uk/assets/0000/7594/GCPH_response_-

_Scottish_Government_s_Climate_Change_Programme.pdf 

Glasgow Centre for Population Health, 2020. Understanding Glasgow, The Glasgow Indicators Project. 

[Online]. Available at: https://www.understandingglasgow.com/ 

Glasgow City Council, 2019. Council sets target of carbon neutral Glasgow by 2030. [Online]. Available 

at: https://www.glasgow.gov.uk/article/25066/Council-Sets-Target-Of-Carbon-Neutral-Glasgow-by-

2030 

Glasgow City Council, 2020. Fact sheets and statistics. [Online]. Available at: 

https://www.glasgow.gov.uk/article/18819/Factsheets-and-Statistics 

IBEC, 2018. CASBEE for Cities (2012 edition). [Online]. Available at: 

http://www.ibec.or.jp/CASBEE/english/downloadE.htm 

Kawakubo, S., Murakami, S., Ikaga, T. & Asami, Y., 2018. Sustainability Assessment of Cities: SDGs 

and GHG emissions. Building Research and Information, 46(5), pp. 528-539. 

Long, G. et al., 2018. The SDGs and Scotland: a discussion paper and intial analysis. [Online]  

Available at: https://globalgoals.scot/wp-content/uploads/2019/02/SDG-Discussion-paper-February-

2019.pdf 

National Records of Scotland, 2020. Glasgow City Council Area Profile. [Online] Available at: 

https://www.nrscotland.gov.uk/files/statistics/council-area-data-sheets/glasgow-city-council-

profile.html 

Office for National Statistics, 2020. Labour Marker Profile - Glasgow City. [Online] Available at: 

https://www.nomisweb.co.uk/reports/lmp/la/1946157420/report.aspx#tabidbr 

Population UK, 2020. Glasgow Population 2020. [Online] Available at: 

https://www.ukpopulation.org/glasgow-population/ 

Scottish Parliament, 2019. Climate Change (Emissions Reduction Targets) (Scotland) Act 2019. 

[Online]. Available at: http://www.legislation.gov.uk/asp/2019/15/contents/enacted 

Skills Development Scotland, 2020. Glasgow City Current and Future Skills Demand, RSA Infographic 

2019. [Online] Available at: https://www.skillsdevelopmentscotland.co.uk/media/46108/glasgow-

city.pdf 

World Bank, 2020. Urban Development. [Online] Available at: 

https://www.worldbank.org/en/topic/urbandevelopment/overview 

 

 

 

http://www.dmu.ac.uk/


                 
 

 

64 

 

Integration of Sustainable Development Goals in 

climate action plans in the city of Glasgow,  
By Dr. Leticia Ozawa-Meida, IESD (on behalf of Abdulrahman Alajmi and Leticia Ozawa-Meida, 

DMU) 

 

 
 

 

http://www.dmu.ac.uk/


                 
 

 

65 

 

 

 

 
 

 

http://www.dmu.ac.uk/


                 
 

 

66 

 

 
 

 
 

 

http://www.dmu.ac.uk/


                 
 

 

67 

 

 
 

 

http://www.dmu.ac.uk/


                 
 

 

68 

 

 
 

 
 

 

http://www.dmu.ac.uk/


                 
 

 

69 

 

 
 

 

http://www.dmu.ac.uk/


                 
 

 

70 

 

 
 

 
 

 

 

 

http://www.dmu.ac.uk/


                 
 

 

71 

 

 

One-Stop-Shop for Energy Renovation: Examples 

of Local Interventions in Residential Sector in 
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Abstract 

This paper presents the challenges and possibilities in the journey of establishing One-Stop-Shop (OSS) 

for energy renovation with three case examples. The paper compares three models; municipality owned 

(Cyprus), private and public-private partnership with operational support from municipalities 

(Netherlands), and privately owned and market based (Sweden) OSS models. The study is based on the 

situational analysis with market gap identification for the energy renovation of the dwellings and 

CANVAS analysis of the studied OSS models. The commonalities and peculiarities of different OSS 

models have been closely observed and the strength and weaknesses within these models are critically 

discussed. The analysis has shown that lack of awareness, inconvenience and cumbersome renovation 

process and lack of access to finance are the common challenges of energy renovation market. The study 

has also shown that the OSS model and its setting up journey may vary depending upon the market 

conditions, readiness, existing level of government support, and nature of the organization willing to 

initiate the OSS.  
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1.0 Introduction 
In the EU 40% of energy consumption, 36% of CO2 emissions and 55% of electricity consumption is 

associated with the building sector. Furthermore, 40% of the residential building stock is built before 

1960s, which typically have higher energy use than new buildings. However, the current pace of energy 

renovation of residential buildings is quite slow (1.2% each year) (Economidou et al, 2019). European 

Union (EU) Directives urge member states to develop long-term strategies for investments in building 

renovations with a goal to decarbonise the building stock by 2050. The revised Energy performance of 

buildings directive (EPBD-2018/844/EU) requires the member states to facilitate appropriate 

mechanisms for accessible and transparent advisory tools, such as “one-stop-shops” (OSS) and energy 

advisory services to speed up energy renovations of buildings. OSS is a concept of having  a  single  actor 

(contact point),  perhaps  in  collaboration  with  other  actors,  offering full  renovation services including  

tailor-made  solutions  for  energy  renovation.  The energy renovation or deep renovation of houses not 

only contribute to realize the target associated with energy efficiency goal (SDG 7) and climate goal 

(SDG 13) but will be instrumental in meeting targets associated with employment (SDG 8) and in 

addressing poverty issues (SDG 1). 

Various research and development projects on OSS for energy renovation of dwellings, viz. 

ERACOBUILD, REFURB, COHERENO, INNOVATE have either been implemented or are ongoing in 

the EU. There are also several national and cross-national projects on this topic.   

ERACOBUILD project (2008-2012) aimed for enhancing strategic networking of research, development 

and innovation programmes in construction and operation of buildings among EU member states 

(DE,EN,ES,FR,IT,PL). The project developed guidelines to facilitate the process for companies 

intending to establish an OSS for holistic renovation of single-family homes (Haavik et al, 2012). 

Collaboration for Housing nearly zero-energy Renovation (COHERENO) is another project (2013-2016) 

which has explored how effective cooperation can address the existing market barriers and provide better 

services for homeowners seeking renovation within its partnering countries (AT,BE,DE,LN,NO) 

(Straub, 2016; Grynning et al., 2017). Country specific set of criteria were developed for near zero energy 

buildings’ (nZEB) so called nZEB radar. This radar covers different types of renovations including deep 

renovation of building components (e.g., walls, windows, roofs insulation), passive energy houses and 

the renovations leading to nearly zero energy ( Atanasiu et al, 2013). The project has organized couple 

of business collaboration events providing an opportunity to develop B2B network that is a crucial for 

developing OSS.   

REFURB project (2015-2018), with partners from BE, DK, EE, DE, NL countries, intended to increase 

the renovation rate by bridging the gap between the supply side and demand side actors. This project 

designed customized  renovation  packages that could theoretically save the primary energy in between 

30 to 80% with the investment ranging in between 7500  and  62000  € (Pomianowski et al, 2019). The 

project also developed a user-friendly online tool “My Energy Compass” for the homeowners, which 

could help them to check the energy performance of their dwelling, identify how they can improve the 

energy performance and assist with the renovation measures (Oñate, 2018).   

INNOVATE (Integrated solutioNs for ambitiOus energy refurbishment of priVATE housing) project 

(2017-2020) aimed at motivating homeowners to carry out deep energy renovations. In order to facilitate 

the deep energy renovation process, the project partners from different European countries 
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BE,CY,CZ,DK,ES,FR,IT,LV,NL,SE and UK have developed and roll out attractive energy retrofit 

packages through OSS.   

This paper analyses the possible challenges and opportunities in the journey of establishing OSS with 

case examples from INNOVATE project under Horizon 2020. The paper compares the Municipality 

owned (Case example from Cyprus); a public-private partnership with operational support from 

Municipality (case example from Netherlands); privately owned and market based (case example from 

Sweden) OSS models and analyses the cross-model learnings. 

 

2.0 Methodology 
In this paper the situational analysis with market gaps identification for energy renovation and experience 

from OSS establishment journey in three case studies in Cyprus, UK and Sweden are analysed. The 

business model Canvas framework (Osterwalder and Pigneur, 2010) is used to analyse and compare the 

OSS  models. The Canvas framework provides a common basis for comparison of the various business 

models answering a series of questions essential to analyse the businesses – who are the clients, what do 

they value, how can the customer be provided with such value at an appropriate cost, and how the 

business organises its resources (Osterwalder and Pigneur,  2010). The descriptive analysis has been 

cross-validated with interviews with the respective OSS developer/coordinators, who shared their 

perception on existing challenges and opportunities for OSS development. 

 

2.1 Types of OSS Business models: 

OSS for energy renovation that are emerging in various EU countries could be broadly divided into three 

categories (i) Facilitation Model, (ii) Coordination model and (iii) Developed model, depending upon 

the actual level of engagement and level of  risk accepted by the OSS itself. 

 

Facilitation Model: 
A facilitation model of OSS is the simplest in its form and is basically aimed at informing, advising and 

motivating homeowners to make the decision on energy renovation. It may also assist them to certain 

extent by providing potential list of energy renovators. Facilitation is about serving customers in group 

or individually by understanding the real problem, clarifying their doubts, assisting them in identifying 

new solutions, and motivating them for the implementation (Kiser, 1998). It is important to note here 

that within facilitation model, OSS do not lead the renovation work but rather provides limited guidance 

in the customer journey. This kind of model might be suitable for homeowners seeking for a single 

contact point for information/advice and those who are self-driven to the renovation job. There could be 

several issues unanswered within this model when it comes to the actual renovation. 

Schwarz (2017) describes that the role of the facilitation could vary ranging from providing basic 

awareness/advises to the complex role of facilitative mediator role which could be resolving conflict or 

dispute between two parties. In the case of OSS, it could be the mediation between the customer and the 

renovation company. However, due to the limited mandates within the public authorities like 

municipality, most of the time, the role of facilitation are limited to  a focal or contact point for providing 

information and advices for the energy renovation. Many European municipalities already have such 
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kind of services at local, regional level but impact of such services have not been so effective especially 

when it comes to energy renovation of private residential buildings. It will be difficult to reach ambitious 

energy and climate goals set by the European Union with this kind of OSS. 

 

Coordination Model: 
In the coordination model of OSS, single actor coordinates several other actors to optimize their resources 

and to reach each other’s customer base. . However, it is operated and managed as a unique business unit 

aiming to a common goal of enhancing each other’s businesses. Marketing strategy of OSS should focus 

on appropriate marketing actions and suitable allocation of resources to reach such a common goal 

(Sadouni et al, 2013). 

In a Coordination model the OSS should provide structural, motivating and enabling guidance to the 

customer though out the renovation journey. Such OSS could operate as a private, public, or private-

public partnership entity and can have autonomous management and control over its business process. 

For example: The OSS operated and managed by Reimarkt in Netherlands has two privately owned OSS 

and three of their OSS are operating in public private partnership modality. On the other hand, there are 

some good examples of publicly owned coordination model OSS operated by Aradippou municipality in 

Cyprus and Frederikshavn municipality in Denmark. The range of the services provided and operation 

modality within these OSS are different. They will be discussed in the next section in details. In these 

existing coordination models, except for the ones owned by the municipality, the OSS help homeowners 

in coordinating with the suppliers and installers. However, none of the coordination models take the full 

responsibility of the whole customer journey and the quality assurance of the performed work. All of 

them makes sure that the quality of the work and the products are according to the assurance given by 

the suppliers/installation companies. 

 

Development Model: 
The development model is also characterized by shared customer and products among the market actors 

having their own business operation and management procedures, but with the common goal of 

enhancing each other’s businesses. Homeowners are fully guided in their customer journey. The key 

difference of development model in comparison to coordination model is that it provides single contract 

and offer renovation package based on homeowners’ demands assuring the quality of the delivered work. 

Though the quality of the work is assured by the OSS, but not necessarily guarantee the amount of the 

energy savings. This could be operated as a private entity or in private public partnership. The OSS 

operated and managed by Parity Projects in The United Kingdom and by “Klimatfastigheter Småland 

AB” in Kronoberg region, Sweden are examples of development model OSS.  

 

In addition to aforementioned OSS models, there could be OSS operated and managed in association 

with Energy Service Companies (ESCOs) which could be named as ESCO type OSS which could offer 

a full renovation package as needed by their clients taking all the responsibility of quality of the 

renovation and guarantee the energy savings for the contract duration (Benigna and Paolo, 2018). This 

is a hybrid model including Energy Performance Contracting (EPC) offered by ESCOs with the energy 
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efficiency measures offered by the OSS in the houses. This model is not yet fully explored but could be 

an interesting research area for further exploration. 

 

4.0 One-Stop-Shop (OSS) Journey: Some Typical Examples 
Depending on the type of institutional set up for the establishment of OSS, market maturity, availability 

of support in terms of human and financial resources, OSS journey and level of services offered to 

homeowners may differ. In this section we will be discussing about journey and level of service offered 

by 3 different OSS operating in Netherlands, Cyprus and Sweden respectively. 

 

4.1 OSS-in Aradippou, Cyprus 

 
The establishment of OSS for energy renovation in Aradippou is mainly an initiation motivated by the 
vision of the political leadership for the town to become a Net-Zero Energy Smart City. This also aligned 
with the EU directives for a Climate Neutral society by 2050. Market gap analysis has shown that there 
has been 6511 dwelling out of which 79% of them are single or duplex houses. Most of these dwelling 
are built in 80s and 90s and with poor energy efficiency and heated with heating oils and LPGs. This 
shows a great potential of emission reduction with energy renovation. The municipality felt that there 
is a need of awareness through a single contact point and easy access to finance to accelerate in energy 
efficiency actions in these dwellings (Michael, 2018).  To address this market gap, Aradippou 
municipality has established an OSS coordination model for Energy renovation. The OSS provides 
information and advices on energy renovation and support the acceleration of investments in energy 
efficiency actions and photovoltaics installation in the dwellings. The OSS is not engaged in actual 
implementation so as not to interfere the renovation market. However, the OSS has been offering the 
innovative financing scheme “Citizen Rewards Card”. This reward card basically incentivised the 
homeowners based on the amount of CO2 mitigated due to energy efficiency actions and photovoltaics 
installation. (Michael, 2020).  
An interviewed expert on OSS from the municipality highlighted that securing higher level political 
support and embedding OSS within the municipality’s long term vision is a milestone in the OSS journey. 
Utilization of existing municipal institutional framework and capacitating the available human resources 
within the framework has believed to be cost effective and a strength of the OSS model. Initially the 
OSS was planning to provide soft loan for the renovation, but immediately when they called for interest 
for such loans, the banks were also interested to provide such loans and come up with attractive loan 
schemes to the homeowners. Municipality then decided not to interfere the financing/investment 
sector. OSS rather limited the support in the form of subsidy to some pilot projects and creating 
innovative financing scheme named “Citizen Rewards Card” as mentioned earlier. Since the model is in 
the trial phase, it is difficult to conclude if the financing schemes and OSS will be successful to motivate 
the homeowners to go for actual energy renovation.  
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4.2 OSS-Reimarkt in Netherlands 

In 2015, KAW Architects & Advisors (private company) initiated Reimarkt realizing the need for 
upscaling and accelerating the refurbishment of the existing housing stock.  Reimarkt-OSS started a 
physical shop in Enschede collaborating with the local government and housing associations. Before 
the establishment of OSS by Reimarkt, homeowners used to get advice about refurbishment from the 
Dutch government initiative called ‘Energieloketten (INNOVATE-Netherlands 2020). These advices were 
helpful in creating awareness among house owners but were not sufficient to realize the actual energy 
transition. The coordination model OSS has developed with a guided customer journey maintaining 
efficient and transparent relation between demand and supply side actors. The OSS has been quite 
successful in utilizing the locally and nationally available finance for energy refurbishment and 
integrating with its service packages. Reimarkt has started their renovation business with individual 
houses and later entered in the business with condominium. In the market gap analysis, market for 
condominium were segmented mainly based on the size of the condominium, as the market approach 
and the resources differs by this attribute. Though the OSS has been building strategies for all market 
segments, it was much easier to renovate small sized condominium with fewer apartment where the 
OSS can used the previous experiences from single house (INNOVATE-Netherlands, 2019).  
There are five physical shops and an online shop within Netherlands. Two of the shops were established 
as private venture and three were under private public partnership. However, only a specific and rather 
small target viz. elderly homeowners   are visiting these physical shops (INNOVATE-Netherlands, 2020). 
OSS has set its marketing strategy such that each homeowners should feel their engagement in the 
refurbishment decision process without feeling it cumbersome.  
In the conventional way of providing advice/information about the energy renovation, one out of four 
that comes for advice actually does the renovation work.  With OSS intervention, the conversion 
increases to two out of three, making the refurbishment of existing houses more attractive for all 
stakeholders (Mainali et al, 2019). 

 

We asked one of the experts of Reimarkt about their experiences with both private and private public 
partnership OSS. Public private partnership modality with municipality collaboration has been a huge 
support in the development of OSS and building trust about the OSS in the region. There has been an 
initial understanding to gradually decrease the public share and increase the private share. However, 
the OSS could not operate in breakeven without additional financial support from municipalities where 
they were located. As a consequences, municipalities wanted to pull out their engagement and 
Reimarkt has closed down these three shops whereas rest two private owned physical shops and online 
shop are still operational. Online quotation tools has increased the interest in the customer. 
It has been identified that the actual amount of renovation work agreed by the customer was always 
less than the recommended /expected level of renovation by OSS. As the fee of Reimarkt is based on 
the percentage of the total cost for renovation carried out, there was less revenue from the renovation 
work despite of their same level of coordination efforts.  
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When asked to reflect back on the OSS journey and what could have been done differently using the 
learning gained so far, it has been pointed out that the expansion of shops in various regions could have 
been done slow pace after testing the maturity of business model in one specific location.  
 

4.3 OSS-Kronoberg, Sweden 

Unlike two other cases, the OSS journey in Kronoberg county was initially started as an academic 

research at Linnaeus University (LNU). At the inception, LNU conducted market gap analysis to 

understand the market status of Kronoberg County for starting OSS business for deep renovation of 

detached houses. The market gap analysis was conducted with questionnaire survey with demand side 

actors (Homeowners) as well as interview with supply side actors (SMEs, Bankers and Insurance 

companies).  The analysis show that there is a large potential market (Mahapatra et al, 2019). However, 

lack of proper awareness about the benefits of energy renovation, inconvenience, cumbersome 

renovation process with multiple contracts and lack of access to finance were identified as some of the 

key barriers from customers’ side (Bravo et al, 2019; Pardalis et al, 2019a). The deep renovation market 

on the supply side is fragmented and dominated by a craftsman-based approach promoting their 

individual solutions (Pardalis et al, 2019b). The support from the municipality has been limited to 

information and advisory services on energy renovation through energy and climate adviser. The 

regulatory framework of the local municipality does not allow them to actively engage in deep renovation 

of private buildings and there has been no government policy or incentive to promote deep renovation so 

far.   

LNU organized several awareness meetings for the homeowners, workshops, seminars, and one-to-one 

meetings with supply-side actors to make them aware of the market potential and the emerging OSS 

models in different parts of Europe. LNU proposed a market based OSS business model that suits in the 

local context and discussed the feasibility of this model with those stakeholders. It was challenge to find 

an actor who could formally start an OSS business, as they perceived several risks and limitations, despite 

their interest in the OSS concept. After several months of discussion with various SMEs, One start-up 

company Klimatfastigheter Småland AB decided to start up an OSS for serving the energy renovation 

market at Kroneberg, Sweden late 2019. This OSS is a development model with private ownership. 

The OSS has set up various MoUs and partnership contracts with companies within the supply chain for 

providing all kind of renovation services with single contract. Unlike aforementioned other two OSS, the 

OSS is starting the business using the personal network to demonstrate the OSS concept and then slowly 

expand the business. The OSS assure the customers the quality of the energy renovation on the behalf of 

all the partners in the supply chain while also get assured from the installer and suppliers for their work 

and materials.  

 

When interviewed with owner of the OSS at Kronoberg, he opinioned that large number of detached 

houses needs renovation in the region showing a big potential business for their OSS. There is always 

more renovation work that needs to be done in a house than the homeowners knows or thinks when 

initially approaching the OSS. Homeowners can be motivated and convinced to do more including energy 

renovation, but it all depends on how OSS communicate with the homeowners and what kind of package 

is offered.  
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The OSS perceived that its interpersonal communication using its own network has been effective so far 

but there is a challenge to reach out more homeowners since they do not have aggressive marketing 

campaign and the company is a small startup. The OSS also perceives supply side constraints to scale up 

due to limited number of interested and skilled sub-contractors that want to be part of this OSS-

consortium.  The OSS also perceives recovering their full payment from the homeowners as a challenge 

especially when the homeowners pay for the renovation from their own savings. This could possibly 

increase the OSS’s amount of bad debt in the market.  

 

All the three variants of OSS mentioned above were found deeply concerned about their future business 

as a serious economic crisis is predicted post Covid-19. It is likely to increase unemployment and loss of 

income for homeowners restricting them to invest their own savings or take loans to renovate their homes. 

Besides, if the COvid-19 goes longer, there might be a need to refine the business model. The renovation 

work need to be executed respecting social distancing and assuring the homeowners’ safety. These issues 

need further exploration. 

 

The three different business model has been analyzed further within CANVAS framework in Table 1. 

 

Table 1. CANVAS Analysis of three business models 

Description OSS in Cyprus OSS in Netherland OSS in Sweden 

OSS 

location 

Aradippou Enschede, Den Bosch 

Zoetermeer, Hoogeveen 

Kronoberg 

Ownership Public (Municipality) Private & PPP (KAW and 

Municipalities 

Private (Klimatfastigheter 

Småland AB) 

Business 

Model 

Co-ordination Co-ordination  Development  

CANVAS ANALYSIS  

Description OSS in Cyprus OSS in Netherlands OSS in Sweden 

Customer 

Segments 

Middle to higher income 

households 

 

(Detached houses) 

Direct: Owner-occupants 

of series-produced 

Apartments (Owners’ 

Association 

Boards) 

Renters of series- 

produced apartments 

Indirect: Social housing 

Corporations 

high-income single family 

in Urban/semi-urban areas 

Later mid-income 

households when soft loan 

for energy renovation are 

available 

 

(Detached houses) 

Key 

activities 

 

 

Engagement process, Communication & marketing, advice/information  

Tailor-made energy renovation and financial plan 

 

Coordination of the renovation process 
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Own long term and 

affordable financing 

Not available Not available 

No interference in the 

contract process 

Co-ordinate contract 

between homeowners and 

suppliers/installers  

 

Single contract with OSS 

with sub-contracting 

suppliers/installers 

Post-work monitoring OSS itself is not 

responsible for the quality 

of work but it assures the 

quality of the work through 

suppliers/installers, Post-

work monitoring 

Guaranteed quality & Post-

work monitoring   

Value 

proposition

s  

 

1. Integration of OSS 

services within 

municipal existing 

instructional frame and 

providing them free 

advice information to 

the citizens  

2. Innovative financing 

scheme named “Citizen 

Rewards Card” 

1. Standard ready-made 

renovation solutions 

for apartment residents.  

2. Choices among the 

available standard 

solutions based on their 

need and affordability 

of the homeowners. 

 

1. High quality renovated 

house, guarantees 

improvement in their 

aesthetic values and 

thermal comforts to the 

homeowners. 

2. OSS offers the 

opportunity to broaden 

customer base and 

enhance the service 

quality to the partners 

collaborating with OSS 

Cost and 

resource 

structure 

Municipality staffs, 

physical infrastructure 

assigned for OSS are key 

resources.  

 

Equipment, appliances and materials for the renovations 

are key resources to implement the OSS activities. 

Cost associated with OSS are mainly marketing, 

coordination cost and various services charges to perform 

the renovation viz. purchasing materials & installation, 

sales personnel, Automation/IT (Depending upon the type 

and scale of renovation this may vary) 

Cost associated with are 

staff for advisory services, 

coordination, promotion 

and the OSS activities has 

been integrated within 

municipal regular activities 

and infrastructure to 

minimize the operational 

cost. 

Physical shop, relatively 

larger cost for marketing 

sales personnel.  

No physical shops, Online 

quotation, cost associated 

are mainly promotional 

cost, coordination and 

advisory. 

Revenue 

streams 

Since this is Municipality 

owned, services during the 

start-up period will be 

provided free. 

Fees to be charged on the 

offered services in a later 

stage (no clear plan at this 

stage) 

Main revenue is the sales 

margin from the renovation 

work (10% of the total 

renovation cost) and fees 

from advisory services.  

Besides, it also depends on 

municipality subsidy for its 

operation. 

  

Homeowner in principle 

pays the bill for the 

renovation.  OSS covers its 

coordination and 

management cost mostly 

by special discounts that 

OSS gets on the goods and 

materials from its 

consortium partners. 
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Key 

Partners 

House owners associations, Concern departments of municipalities*, service providers, 

material suppliers, Banks  

Customer 

relations & 

Channels 

OSS Website 

Partners 

Direct mail 

One Stop Shop / Pop-up 

Building visits 

OSS Website 

Partners 

Direct mail 

One Stop Shop / Pop-up 

Building visits 

OSS Website 

Partners 

Direct mail 

Door-to Door campaign 

Building visits 

*Except OSS in Kronoberg, Sweden 

 

5.0 Conclusions and way forward: 
The challenges and possibilities in the journey of establishing and operating OSS for energy renovation 

has been presented in this paper with three case examples (Cyprus, Netherlands and Sweden) from 

INNOVATE project under Horizon 2020. We have compared different OSS business models based on 

the situational analysis with market gap identification for the renovation of the residential dwellings and 

CANVAS analysis of the proposed business models. The analysis with these case studies have shown 

that lack of proper awareness about the benefits of energy renovation, inconvenience, cumbersome 

renovation process with multiple contracts and lack of access to finance are the common challenges for 

the energy renovation in all cases.  

Since the OSS concept itself is relatively new and most of them are recently established, it is too early to 

say which model is more effective or successful. But in any case, one model could not fit in all conditions. 

The study has shown that the OSS model and its development journey may vary depending upon the 

market conditions, readiness, existing level of government support, and nature of the organization willing 

to initiate the OSS.   

Privately owned business model has a big challenge at the initial phase especially when there is no 

conducive environment in terms of governmental support and market expansion might be further 

challenging in such context (Example from Sweden). Public-private partnership model could be a good 

starting point with municipality support in its establishment. This also provides trustworthiness to the 

customers. However, such partnership might need a clear plan for the sustainable expansion of the 

business on its own in a long run. This has remained as a major challenge with the case of Reimarkt 

model in Netherlands. Once there is a political consensus, public owned OSS business model could be 

very effective for advising and motivating the homeowners for energy renovation. The availability of 

innovative financing within Cyprus model is a strength for implementing energy renovation. However, 

the scope of such OSS is very limited as a municipality may not engage in business activities for 

renovation of private dwellings. Also, providing free services from the municipality owned OSS could 

be a challenging for its long term sustainability. The findings of this paper provides some valuable 

information about business models for energy renovation for the construction/renovation companies, 

policymakers, investors, and analysts. 
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Abstract 
Social value in the built environment refers to the social impact any organisation or project makes to its 

many and varied stakeholders. We examine social value activities with a focus on placemaking, and show 

how regional strategic influence, design, planning and consultant efforts align with the Sustainable 

Development Goals (SDGs) 11, 13 and 16. We highlight how the agents collectively: help ensure that 

Nottingham is one exemplar city with a direct participation structure of civil society in urban planning 

and management that operate regularly and democratically (SDG 11.3.2), how their activities help 

improve education, awareness-raising and human and institutional capacity on climate change mitigation, 

adaptation, impact reduction and early warning (SDG 13.3) and ensure responsive, inclusive, 

participatory and representative decision-making at all levels (SDG 16.7).  
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Introduction  
Social value in the built environment is the social impact that any organisation, project or programme in 

that industry makes to the lives of the stakeholders affected by its activities (Raiden et al, 2019). This 

invariably involves many different agents, such as design and planning professionals, engineering and 

construction professionals and workers, trades, facilities management providers and their personnel, and 

community groups and their members.  

  
Purpose and research objectives  
We examine different agents’ social value activities with a focus on placemaking and show how their 

activities and interventions in the Midlands, UK, align multiple stakeholders’ efforts and thus collectively 

achieve social value. Our discussion will relate to the following United Nations (UN) global Sustainable 

Development Goals (SDGs): 11 (Make cities and human settlements inclusive, safe, resilient and 

sustainable), 13 (Take urgent action to combat climate change and its impacts) and 16 (Promote peaceful 

and inclusive societies for sustainable development, provide access to justice for all and build effective, 

accountable and inclusive institutions at all levels). We recognise social value is really about all the 

SDGs, at least indirectly. The focus on SDGs 11, 13 and 16 allows us to depart from the interests related 

to achieving improvements in industry, innovation and infrastructure (SDG 9) which features in many 

discussions about social value in the built environment. Elsewhere we discuss social value in relation to 

poverty (see Raiden and King, 2019). 

 

We table the SDGs, targets and indicators that are most relevant to our discussion of social value and 

placemaking in the built environment below (see Tables 1, 2 and 3).  

 
Table 1. SDG11: Make cities and human settlements inclusive, safe, resilient and sustainable 
(United Nations, 2020a) 
TARGETS INDICATORS 
11.3 
By 2030, enhance inclusive and sustainable 
urbanization and capacity for participatory, integrated 
and sustainable human settlement planning and 
management in all countries 
 

11.3.1 
Ratio of land consumption rate to population growth 
rate 
 
11.3.2 
Proportion of cities with a direct participation structure 
of civil society in urban planning and management 
that operate regularly and democratically 
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11.6 
By 2030, reduce the adverse per capita 
environmental impact of cities, including by paying 
special attention to air quality and municipal and 
other waste management 
 

11.6.1 
Proportion of urban solid waste regularly collected 
and with adequate final discharge out of total urban 
solid waste generated, by cities 
 
11.6.2 
Annual mean levels of fine particulate matter (e.g. 
PM2.5 and PM10) in cities (population weighted) 
 

11.7 
By 2030, provide universal access to safe, inclusive 
and accessible, green and public spaces, in particular 
for women and children, older persons and persons 
with disabilities 
 

11.7.1 
Average share of the built-up area of cities that is 
open space for public use for all, by sex, age and 
persons with disabilities 
 
11.7.2 
Proportion of persons victim of physical or sexual 
harassment, by sex, age, disability status and place 
of occurrence, in the previous 12 months 
 

11.A 
Support positive economic, social and environmental 
links between urban, peri-urban and rural areas by 
strengthening national and regional development 
planning 
 

11.A.1 
Proportion of population living in cities that implement 
urban and regional development plans integrating 
population projections and resource needs, by size 
of city 
 

 
 
 
Table 2. SDG 13: Take urgent action to combat climate change and its impacts (United 
Nations, 2020b) 
TARGETS INDICATORS 
13.1 
Strengthen resilience and adaptive capacity to 
climate-related hazards and natural disasters in all 
countries 
 

13.1.1 
Number of deaths, missing persons and persons 
affected by disaster per 100,000 people 
 
13.1.2 
Number of countries with national and local disaster 
risk reduction strategies 
 
13.1.3 
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Proportion of local governments that adopt and 
implement local disaster risk reduction strategies in 
line with national disaster risk reduction strategies 
 

13.2 
Integrate climate change measures into national 
policies, strategies and planning 
 

13.2.1 
Number of countries that have communicated the 
establishment or operationalization of an integrated 
policy/strategy/plan which increases their ability to 
adapt to the adverse impacts of climate change, and 
foster climate resilience and low greenhouse gas 
emissions development in a manner that does not 
threaten food production (including a national 
adaptation plan, nationally determined contribution, 
national communication, biennial update report or 
other) 
 

13.3 
Improve education, awareness-raising and human 
and institutional capacity on climate change 
mitigation, adaptation, impact reduction and early 
warning 
 

13.3.1 
Number of countries that have integrated mitigation, 
adaptation, impact reduction and early warning into 
primary, secondary and tertiary curricula 
 
13.3.2 
Number of countries that have communicated the 
strengthening of institutional, systemic and individual 
capacity-building to implement adaptation, mitigation 
and technology transfer, and development actions 
 

 
Table 3. SDG 16: Promote peaceful and inclusive societies for sustainable development, 
provide access to justice for all and build effective, accountable and inclusive institutions at 
all levels (United Nations, 2020c) 
TARGETS INDICATORS 
16.7 
Ensure responsive, inclusive, participatory and 
representative decision-making at all levels 
 

16.7.1 
Proportions of positions (by sex, age, persons with 
disabilities and population groups) in public 
institutions (national and local legislatures, public 
service, and judiciary) compared to national 
distributions 
 
16.7.2 
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Proportion of population who believe decision-making 
is inclusive and responsive, by sex, age, disability 
and population group 
 

 

Method  
We present insights from different stakeholders, all directly involved with placemaking, including a 

regional strategic influencer, a charity dedicated to connecting people with the design of their places, a 

city council (urban design) officer, and a professional consultancy firm. We describe their activities 

relating to creating social value through placemaking using extracts from phenomenological 

conversational interviews (after Given, 2008; Berner-Rodoreda et al., 2018), which were conducted face-

to-face and via telephone during winter and spring 2019-2020, in addition to written research 

correspondence and published material available from the organisations’ web pages. The research 

process, akin to action research, has been a developmental journey to co-create and refine our collective 

understanding of social value and the SDGs through continuous critical reflection. Aligned with this 

philosophy, we have co-authored this research paper with the following research participants at the centre 

of practice: 

• Sir John Peace, Chairman of the Midlands Engine Executive Board, a regional strategic 
influencer 

• Sophia de Sousa, Chief Executive, The Glass-House Community Led Design, a national 
charity that connects people with the design of their places and connects design with 
people  

• Dr Laura Alvarez, Senior Principal Urban Design and Conservation Officer, Nottingham City 
Council 

• Kevin Osbon, Founder Partner, Focus Consultants, a national professional consultancy firm.  

Findings 
We describe each of the stakeholders’ social value activities and how they link to the SDGs in turn, 

before discussing how their voices align with the SDGs 11, 13 and 16. 

 
Regional strategic influence 
The Midlands has a population of some 10.6m people; 816,000 businesses; 5.3m jobs and an annual 

economic output of more than £233bn (Midlands Engine, 2020a). The Midlands Engine (2020b) is an 

apolitical partnership that seeks to increase economic growth and improve the quality of life across the 

region. It does this by drawing together public sector partners and businesses together to complement the 

activity of local and combined authorities, LEPs, universities, businesses and others. In particular, the 

Midlands Engine Partnership focuses on pan-regional issues, such as transport, innovation and enterprise, 

digital, connectivity, internationalisation and amplifying the voice of the region. More specifically, Sir 
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John Peace advocates for a new long-term industrial strategy that focuses on building resilient, locally 

based value for money supply-chains that employ a skilled and well-trained workforce. Education, 

training and retraining people migrating from other sectors lies at the heart of the vision and relies on an 

integrated network of collaborative employer-facing interventions that meet the needs of the 4th industrial 

revolution and fuel the recovery from the current and developing economic crisis.  

During a telephone interview, Sir John Peace discussed an example to contextualise this vision: in the 

spring of 2020, at time of the global COVID-19 pandemic (WHO, 2020), the UK experienced severe 

Personal and Protective Equipment (PPE) sourcing problems, which demonstrated that UK supply chains 

lack resilience and are not fit for purpose. While globalisation and a corresponding focus on efficiency 

has led to many benefits, it has also led to many failures, such as a reliance on just-in-time imports from 

overseas and consumers being encouraged to base their buying decisions on the lowest capital cost. This 

is not sustainable.  

Building resilience requires skilled and well-educated local supply-chains that can deliver sustainable 

benefits over the long-term. Developing the right skills is key, with apprenticeships and other forms of 

on-the-job learning (such as the new T-levels) taking the centre stage to train and retrain people of 

different age groups with retraining becoming increasingly important. Moreover, there needs to be an 

integrated approach to training, education and skills programmes that can no longer be delivered in a 

piecemeal fashion that differs across the region. Instead, provision needs to be managed and delivered 

through joined-up local approaches that simplify engagement and provide cross-region consistency to 

meet the needs of local employers including huge global brands such as Rolls Royce and JCB. In this 

way, placemaking is about capitalising on the regional community assets and potential, with the intention 

and strategic direction to create a sustainable environment that promotes people's health, happiness, and 

well-being.  

Further, in relation to the built environment, an infrastructure example was provided. Aggregates are a 

key constituent of the built infrastructure supply-chain and are currently often imported from overseas, 

including African countries, which represents an environmental burden. Tarmac, the UK’s largest 

supplier of building materials, has facilities in the Midlands to produce aggregates, yet has suffered from 

a lack of skilled workers. To meet the demand for infrastructure across the UK, they have focused on 

developing their own highly skilled local workforce through their investment in their Midlands-based 

National Skills and Safety Park, which provides a range of training opportunities, including 

apprenticeships, to local people of different ages who often retrain from other industries.  

This regional strategic influence links to multiple SDGs. Firstly, the activities are well aligned with SDG 

11 (Make cities and human settlements inclusive, safe, resilient and sustainable) in that, the Midlands 

Engine is clearly focused on enhancing inclusive and sustainable urbanization and capacity for 

participatory, integrated and sustainable human settlement planning and management (11.3), by 

operating a direct participation structure of civil society in urban planning and management that operates 

regularly and democratically (11.3.2). They draw together key stakeholders within the region with 

ambitions to invest in major transport projects, innovation and enterprise, and digital connectivity. The 

strategy that Sir John Peace advocates clearly articulates the aspiration and drive towards co-creating 

social value and aligns well with (11.A): to support positive economic, social and environmental links 

between urban, peri-urban and rural areas by strengthening national and regional development planning. 

Finally, focus on making cities and human settlements inclusive, safe, resilient and sustainable is evident 
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in the recognition that transport, and the global/local movement of materials and people, feature at the 

heart of a sustainable future. The Midlands Engine are focused on reducing the adverse per capita 

environmental impact of cities (11.6). This is evident in the indirect appreciation of the need to reduce 

annual mean levels of fine particulate matter (11.6.2).  

In terms of SDG 13 (Take urgent action to combat climate change and its impacts), the strategic focus 

on localised action and mobilising resources in a sustainable fashion helps strengthen resilience and 

adaptive capacity to climate-related hazards and natural disasters (13.1). Sir John Peace outlines a 

specific disaster risk reduction strategy (13.1.3), using the example of the COVID-19 pandemic, and 

suggests that appropriately educated and skilled local networks of workers and supply-chains present a 

future proof solution to disaster mitigation.  Improving education, and human and institutional capacity, 

is central to the regional strategic influence (13.3), including advocating the strengthening of 

institutional, systemic and individual capacity-building explicitly (13.3.2). 

Since the Midlands Engine draws together key stakeholders within the region, they actively contribute 

to achieving SDG 16 (Promote peaceful and inclusive societies for sustainable development, provide 

access to justice for all and build effective, accountable and inclusive institutions at all levels) by 

encouraging and advocating responsive, inclusive, participatory and representative decision-making 

regionally and beyond (16.7). 

 
Design 
Public narrative and policy on community engagement in design and placemaking is evolving. Early 

meaningful community engagement to shape design at key decision stages helps local people shape better 

places and empowers, builds capacity and provides employability through design (Ministry of Housing, 
Communities and Local Government, 2019). This shift in planning policy guidance, where 

community engagement is seen as an opportunity for co-designing change and embedding social value 

lies in stark contrast to how it has often been seen as an obstruction to navigate. 

The Glass-House Community Led Design focuses on generating social value to local people by 

facilitating discussion and debate and actively practicing collaborative and participative design. It does 

this by bringing different sectors, disciplines and scales of placemaking initiatives together for mutual 

benefit.  

They apply mostly basic and easily replicable techniques to support the dialogue, networking and ideas 

generation required to enable a collaborative economy approach to placemaking. They act as the 

convenors in many sessions, such as a recent debate in Nottingham ‘Place: a shared responsibility? What 

are the rights and responsibilities that we have in shaping our places?’. During the debate, many people 

in the audience raised the importance of building, managing and evolving relationships between those 

who live in places, and those who play a role in their design and management (de Sousa, 2016). A desire 

for inclusive and participative systems of decision-making (rather than traditional paternalistic 

mechanisms) was voiced, together with the need to consider neglected places as well as investment in 

grand designs, to ensure that places are created “for everyone” (ibid). ‘Everyone’ includes stakeholders 

as wide ranging as universities, schools, local SMEs, city councils, professionals, local neighbourhood 

forums, citizens, school children and tenants in council housing, etc. 
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Sophia de Sousa argues, however, that there is no reason why any sector could not take on this role. 

Through their own practice they showcase how models can be applied to a wide range of contexts to help 

foster locally based dialogue that informs, co-designs or tests local policies, strategies and the visions 

and briefs of projects. 

Such placemaking activities link clearly to SDGs 11 and 16, specifically 11.3.2: Proportion of cities with 

a direct participation structure of civil society in urban planning and management that operate regularly 

and democratically, and 16.7: Ensure responsive, inclusive, participatory and representative decision-

making at all levels. These also help towards SDG 11.7 with the aim to provide universal access to safe, 

inclusive and accessible, green and public spaces, in particular for women and children, older persons 

and persons with disabilities.  

 
Local Authority (Urban Design) Officer 
Laura Alvarez’s view as a City Council Officer is that social variables of place are not considered fully 

in the industry and, despite an increasing interest in environmental issues, there is a strong bias towards 

economic factors in the UK. The National Planning Policy Framework (Department for Communities 

and Local Government, 2012) sought to reform planning and initiate a period of increased neighbourhood 

engagement and governance through the introduction of Neighbourhood Plans, Local Development 

Orders and Local Listing. However, the majority of changes were optional and underprivileged 

communities often found themselves lacking the skills and resources to deliver owing to the technical 

complexities of the British planning system. 

Local government is responsible for delivering community empowerment through the planning 
system at two core levels: 
Policy making:  
a. incorporating social structure analysis as part of the baseline studies for policy 

development;  
b. delivering continuous engagement strategies that focus on targeting social variables 

through the process itself. 

Placemaking:  
a. incorporating social assets analysis as another technical requirement of planning submissions;  
b. requiring that developments with a public or shared place component offer opportunities to 

meet local social targets.   

To help meet critical social targets and support their ambition to become Carbon Neutral for 
2028, Nottingham City Council is keen to deliver high quality socially valuable developments 
by focusing on two main strands:  
• social resilience – resolving problems and creating wealth through the communities’ capacity 

to work together 
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• social capital – social norms, mutual trust and the capacity of communities to form 
relationships and networks. 

In order to achieve this, a process of internal and external transformation was initiated which requires a 

cultural shift and cross-sector engagement and education to change attitudes and behaviours. 

Communities have been involved in shaping new design guidance through a process of empowerment 

that gave voice to minorities and groups that were previously excluded from policy development.  

These planning interventions and activities link to SDGs 11, 13 and 16. Strengthening of institutional, 

systemic and individual capacity-building (11.3.2) is a clear focus and a key area of responsibility for the 

City Council, driven by national policy framework. Ensuring responsive, inclusive, participatory and 

representative decision-making (16.7) similarly features at the heart of the Council’s plans and activities, 

evident in the form of cross-sector engagement. Alongside this, an important vehicle to achieving the 

Council’s ambition to become Carbon Neutral is improved education, awareness-raising and human and 

institutional capacity on climate change mitigation, adaptation, impact reduction and early warning 

(13.3). Becoming Carbon Neutral is the Council’s most explicitly expressed aim, thereby integrating 

climate change measures into national policies, strategies and planning (13.2) and to reduce annual mean 

levels of fine particulate matter in cities (11.6.2).  

The efforts and activities directed towards engaging communities can help provide universal access to 

safe, inclusive and accessible, green and public spaces, in particular for women and children, older 

persons and persons with disabilities, indirectly (11.7) 

 
Consultant  
Focus is a Midlands based multi-disciplinary construction consultancy operating nationwide. They work 

on community, public sector, socio-economic, and people-focussed regeneration programmes with social 

value at their core.  

Focus are keen to give back to the communities in which they serve. Education and skills training are 

central to their approach. They deliver pro bono lectures, seminars, training and workshops on a wide 

range of built environment topics to university students, industry practitioners, local people, community 

groups and the third sector. Their work extends to include work experience to school children, 

apprenticeships, sponsored education to Masters level, and supporting the Prince’s Regeneration Trust 

‘BRICK’ heritage education programme. The multiplier effect of local expenditure drives Focus to 

require their contractors to use local supply chains, guarantee that an agreed percentage of site labour is 

sourced locally, and provide training programmes and apprenticeships for adults and young people. The 

company itself is also committed to: 

• Employing local staff - all equity partners live and work in the local community and they generate 

jobs for people living in the local area.   

• Recruiting young people direct from local education providers in order to develop and retain core 

skills in the local community and providing personalised training throughout their careers.   

More specific examples of Focus’ social value initiatives specifically related to placemaking include: 
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• Securing funding to help a local Parish Council develop a Parish Plan that in turn guided a District 

Council Local Plan. 

• Advising District Councils on custom and self-building throughout North Derbyshire and  

supporting a local school to secure £7,500 to create an allotment-style school garden.   

In terms of ‘the environment’ Focus have combined their commitment to minimising the effect of their 

operations on the environment with a recognition that this can make sound commercial sense to all 

parties. Specifics actions include: 

• Leading sustainability reviews for professional project teams that promote client awareness of 

reduced energy consumption in the construction and operation of buildings. 

• Delivery of Building Research Establishment Environmental Assessment Method (BREEAM), 

which assesses, rates, and certifies the sustainability of buildings. 

• Promotion of electronic tendering on all projects. 

• Reduced travel through homeworking, videoconferencing and maintenance to minimise harmful 

vehicular emissions.  

• Built-estate energy efficiency and energy saving includes consolidated stationary orders, continual 

reduction of utility use including, low energy lighting, high efficiency boilers, improved insulation, 

use of renewable energy suppliers and reduced paper use. 

SDG 13 is central to the Consultant’s social value interventions; both internally and in managing their 

supply-chain. Their impact on the environment is recognised and actively considered in the way the 

business is operated and how they advise their clients (13.1 and 13.2). This helps reduce annual mean 

levels of fine particulate matter (11.6.2). Education, training and enhancing institutional capacity on 

climate change mitigation, adaptation and impact reduction (13.3) are important tools for the business. 

Furthermore, the strong value base that drives Focus’ approach to social value supports achievements 

towards enhancing inclusive and sustainable urbanization and capacity for participatory, integrated and 

sustainable human settlement planning and management in all countries (11.3); ensuring responsive, 

inclusive, participatory and representative decision-making at all levels (16.7); and, indirectly, securing 

universal access to safe, inclusive and accessible, green and public spaces, in particular for women and 

children, older persons and persons with disabilities (11.7).  

 

Social value in the Built Environment and the SDGs 
The different stakeholders’ activities, and how they voice social value in terms of placemaking, align in 

aspirations towards, and commitment to, achieving SDG 16.7 (Ensure responsive, inclusive, 

participatory and representative decision-making at all levels). All the agents communicate their efforts 

in this regard, and it is especially important for the local authority officer. 

All the stakeholders also explicitly and frequently connect with SDG11 (Make cities and human 

settlements inclusive, safe, resilient and sustainable) but we find variation in their priorities and focus. 

Whilst target 11.3 (Enhancing inclusive and sustainable urbanization and capacity for participatory, 

integrated and sustainable human settlement planning and management) is important to all, regional 
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strategic influence, design and planning agents specifically and actively talk about mechanisms to 

achieve 11.3.2 (A direct participation structure of civil society in urban planning and management that 

operate regularly and democratically). Quite naturally, since this indicator refers to the societal level 

systems that support the achievement of the SDGs, the activities of the consulting organisation are less 

focused on this indicator.  

Target 11.6 (Reduce the adverse per capita environmental impact of cities) is relevant to the accounts of 

all but one respondent; the designer. Similarly, 11.7 (Universal access to safe, inclusive and accessible, 

green and public spaces) is relevant to the accounts by all but one respondent; regional strategic influence. 

11.A (Support positive economic, social and environmental links between urban, peri-urban and rural 

areas by strengthening national and regional development planning) was mostly evident in the accounts 

of the regional strategic influencer and the consultant.  These variations are likely to be explained by 

limitations in our data (focus on social value and placemaking instead of the SDGs specifically).  

SDG 13 (Take urgent action to combat climate change and its impacts) is clearly and explicitly important 

to both the regional strategic influencer and the consultant. Specifically, target 13.1 (Strengthen resilience 

and adaptive capacity to climate-related hazards and natural disasters in all countries) and 13.3 (Improve 

education, awareness-raising and human and institutional capacity) feature as important elements of 

practice. The local authority officer is also focused on 13.2 (Integrate climate change measures into 

national policies, strategies and planning) and 13.3.  

 

Conclusion 
We show how regional strategic influence, design, planning and consultant placemaking efforts and 

interventions align together and thus collectively achieve social value and link to the SDGs 11, 13 and 

16.  We highlight how the agents together help ensure that Nottingham is one exemplar city developing 

a direct participation structure of civil society in urban planning and management that operate regularly 

and democratically (SDG 11.3.2), how their collective activities help improve education, awareness-

raising and human and institutional capacity on climate change mitigation, adaptation, impact reduction 

and early warning (SDG 13.3) and ensure responsive, inclusive, participatory and representative 

decision-making at all levels (SDG 16.7). 
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communities 
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Abstract 

This paper looks at some of the unintended consequences of food banks and the potential barriers they 

are now creating to developing a fairer society. It considers how food banks have become part of a vicious 

circle that is contributing to plugging the gaps of widening poverty within our cities and communities.  

It explores some of the aggravating factors such as the impact of austerity which has led to a lower quality 

of life (Goodman and Field, 2018). Narrowing the inequality gaps in our cities and communities will 

require implementing several of the 5P’s, interwoven within key strategic partners and stakeholders plan 

to reverse the erosion, being fought on education, health and income (O’Donnell, Van Doorslaer and Van 

Ourti, 2015), antipoverty (Ravallion, 2015), food aid (Cooper, Purcell and Jackson, 2014) food aid 

(Sandmo, 2015) etc. 

It is therefore recommended that more training, education, and awareness needs to be carried out to help 

change the discussion and increase the dialogue and debates related to both causes and solutions of food 

surplus and waste. There are several criteria which the government should put in place which includes, 

improve the access to short term benefits in advance, enhance the decision making and the linkages 

between local health and financial. Improve access to hardship payments and other allowances. Introduce 

legislative recognition of ‘social rights’ and the need for further stimulation to local economic 

development to help reduce worklessness, and the need to bust educational attainment. 

 
Keywords: Food Banks, Communities, Sustainable, Poverty, Government 
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1.0  Introduction and Background 
One of the strengths of the United Nations 17 sustainability development goals (UN SDG’s) is its 

monitoring and tracking processes to measure the change in outcomes between 2015 and 2030 (Giles-

Corti, Lowe and Arundel, 2019). To achieve sustainable change, it is critical to have implemented urban 

strategies and policies to address sustainable cities and communities to help narrow the gaps between 

“poverty, good urbanisation, job creation, ….and improved quality of life” (Rozhenkova et al., 2019).   

All of which are key elements that are consistently challenged by the government’s austerity strategies, 

that has helped to make the gaps larger.  By recognising a more effective alignment, interconnectivity 

and interrelationship between numerous SDG’s (Akuraju et al., 2020), such an approach can also assist 

in achieving SDG 11 sustainable cities and communities. (Morton, Pencheon and Squires, 2017).   

According to the Food and Agricultural Organisation (FAO) of the United Nations globally, 

approximately 1.3 billion metric tonnes per year is either lost or wasted which was fit for human 

consumption which leads to both social and environmental problems (Huang, Liu and Hsu, 2020).  The 

World Bank 2016; Huang, Liu and Hsu, (2020) has projected the amount of food wasted to more than 

double the current amount by 2050. Despite this fact, there are two common schools of thought when it 

comes to categorising the poor in need. The first is defined as victims of circumstances, therefore 

‘deserving assistance’, and the latter relates to those who have made ‘poor choices’, these are considered 

to be less deserving (Fischer, 2018). 

 
1.1 The discourse around community responsibility and participation become a legitimised 

charitable concern. 

Carson (2008) raises some fundamental questions, around how and when did community responsibility 

and participation become a legitimised charitable concern. Charitable work is nothing new as shown in 

the statute of Elizabeth 1, also known as the (preamble of the statute of charity users 1601) (UK 

Parliament, 2005).  Besides, during 1812-1850 there was already a commissioner inquiring into the role 

of charities and what was considered as charitable contributions (The National Archives, 1812). 

However, the establishment of the Charity Commission was not until 1853 (The National Archives, 

1853). Historically, food banks date back to 1967 when John Van Hagel, started St Mary's food bank in 

Arizona.  However, it was not until the year 2000 that the United Kingdom (UK) saw its first food bank 

(Salisbury Foodbank, no date). There is a striking similarity in the origins of many food banks, most 

relate to hungry people and food insecurity.  

 
1.2 Food banking and a food bank  

When we refer to the term food banking, this is normally referring to how food is stored, nationally or 

regionally and in some cases at a local level. There remains a growing discourse around charitable food 

banking, particularly as 56,000 tonnes of surplus food are being redistributed via charitable organisations 

such as food banking and food banks (WRAP, 2019; WRAP, 2020). A food bank is normally a charitable 

resource that acquires donated food generally at a local level to be redistributed through community 

networks to people who seek it (Tyler, 2020). However, we are now seeing an increase in both regional 

and national food bank organisations where the structure and operational activity is very similar to the 

national food banking principle.  
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2.0 The Methodology  
A mixed-method approach was adopted, qualitative analysis was used to investigate government policy, 

implementation, and its key strategic partners in executing its agendas. In tandem, qualitative 

consideration was given to third sector agencies who were presenting evidence-based practice for the 

government to change their strategies in support of the most vulnerable within the communities. Where 

the analysis identified trends and changes over time a quantitative analysis was used. To gain a deeper 

insight into the secondary research material, a qualitative data analysis software (QDAS) Nvivo 12,  was 

applied (Bazeley, P & Jackson, 2013) to carry out a thematic analysis (Caulfield, 2019) of the literature. 

A deductive approach was undertaken (Saunders, 2019) having already constructed some preconceived 

themes which the research would be investigating. A realist innovative conceptualised process approach 

was adapted to help understand and support the literature by way of illustration. 

3.0  Main Discussion 
To help make the SDG’s more relatable in terms of their relevance and practicality, five areas of critical 

importance was identified, People, Planet, Prosperity, Peace, and Partnership also known as the (5P’s) 

as shown in Fig.1 below (Morton, Pencheon and Squires, 2017).   
 

Fig. 1: A summary of the UN'S 17 SDG, linked to the five areas of critical importance (5P’s) 

 
Adapted from UN’s 17 SDG – The Five Areas of Critical Importance 5P’s (Morton, Pencheon and Squires, 

2017) 
 
This paper offers Morton, Pencheon and Squires (2017) alternative configuration of the SDG’s, which 

makes it easier to understand how the 5P’s contributes to sustainable cities and communities and why 

it’s difficult or futile to apply singular SDG’s to a particular strategy. Only by understanding the policy 

mechanisms that lead to sustainable change and improved outcomes can policymaker's and stakeholders 
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identify comparable replicable indicators which not only can identify the gaps but equally ‘what works’ 

strategies, that are scalable to suit a given situation.   

 
3.1 Understanding Global Food Surplus and Food Waste 

There is a higher proportion of food waste in developed countries which generally occurs at the retail 

and consumption stage. Huang, Liu and Hsu (2020) point out that to meet customers psychology needs, 

and in pursuit of high-quality products, manufacturers and food processing companies are removing large 

amounts of edible parts. Therefore, food is wasted due to undesirable features such as shape, colour, 

appearance or expiry date.  In response, some retailers have been pushing for the introduction of zero 

food waste strategies. This leaves approximately 660,000 tonnes which goes to animal feed in 2015 

(WRAP, 2016; WRAP, 2020).  Fig. 2 provides an explanation of some of the possible causes and 

solutions to food surplus and waste. 
 

Fig. 2: The Causes and Solutions of Food Surplus and Waste (FSW) 

 
Adapted from logistical challenges to address food waste in the grocery retail sector (Krasteva, Kotzab and Lienbacher, 

2019) 
 
3.2 How is poverty measured  

Poverty is commonly measured in terms of relative poverty which is defined as income below 60% of 

the average income (CPAG, 2020) and (Morelli, Smeeding and Thompson, 2015) and absolute poverty 

which is defined as an essential resource which people need to acquire a decent standard of living 
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(O’Leary, 2020). At the turn of the Millennium, the overall poverty rate in the UK was 24% and in the 

year 2017/18, this rate had fallen steadily down to 22%. The number of people in poverty was 14.3 

million, of which 8.3 million were of working-age adults (this was based on a calculation of 54% of their 

main resource available) (SMC, 2019). 48% of those in poverty have been in poverty for at least two of 

the last three years, categorising them as being in ‘persistent poverty (SMC, 2019). 

3.4 The deserving versus undeserving poor  

Fig. 3 illustrates a conceptual understanding of Associate Professor Fisher’s notion of the probability of 

people getting out of poverty. Poverty is significantly increased when these individuals are living in 

households or belong to families in similar situations to themselves which contributes to the perpetuating 

vicious cycle of poverty. Due to their limited ability to elevate each other out of poverty.  
 

Fig. 3: The vicious circle of limiting odds of someone escaping poverty 

 
3.4 Aggravating factors of austerity and those who are being left behind  

Using the 5P’s model, it is possible to identify how austerity whilst in the pursuit of cutting 
the public expenditure and the nation's deficit has impacted on four of the 5P’s. 

People  
The number of people over 65 who did not receive help with essential activities, had 
risen by 48% in 2010, from 57,6000 to 1.2 million people in 2018, and children in 
relative poverty rose by 30%.   One of the hardest impacts has been levied at women 
who make up the majority of lone parents, and housing benefits claimants, they also 
saw changes to their benefits entitlement change dramatically (Gill, 2018). 
Prosperity  
Since 2008 there have been considerable consecutive government cuts to the public 
spending, this is against a backdrop which has also seen GDP tracking in a downward 
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trend from 2007 reaching its lowest point in 2009, and has never recovered up to 
2016 (Gill, 2018). This has resulted in the poorest fifth of the population experiencing 
the greatest cuts to their net income (Oxfam, 2013).  In some cases, single parents 
could have lost up to a fifth of their income and disabled children and adults could 
have lost up to £6,500 per year (Portes, 2018). 
One of the direct results of reducing Social Security provisions has been the level of 
increased benefit sanctions placed on people for not following the rules (Oxfam Case 
Study, 2013). Between 2008-2018, the number of people who were unable to get 
full-time work, resulting in part-time working more than doubled (Oxfam, 2013). There 
is also evidence that the unemployment rate for under 25 and the long term unemployed 
has greatly increased (Oxfam, 2013). 
 
Peace  
Goodman and Field (2018) are resolute that the community has also suffered by way 
of cuts to crime and community safety budgets, an example of this is the 83 deaths 
between 2007-2017 in Greater Manchester, from accidental house fires. They robustly 
defend their statement, that the overall effect of austerity cuts as led to destitution and 
that the government’s strategy had nothing to do with economics, it was about the 
politics of abandoning vulnerable people (Goodman and Field, 2018). 
Partnership  
Through the withdrawal of services,  it was once again, noticeable, the direct impact 
austerity has had on direct support for women at community levels such as voluntary 
sector support activities, home start, home care, children centres, and sure start 
(Dowler, 1997). The austerity strategy is best summarised by Daniel Finkelstein, a 
Conservative member of the House of Lords when he said “It wasn’t driven by the 
desire to reduce spending on public services. It was driven by the fact that they had 
a vast deficit problem and the debt was going to keep growing “ (Goodman and 
Field, 2018). 

 
3.5 Food Insecurity 

A large percentage of those surveyed by the Trussell Trust11 said they had experienced severe food 

insecurity, which is attributed to households who reduce their food intake or experience hunger for the 

whole day without eating (Tarasuk, Mitchell ed al. 2016; The Trussell Trust 2017). Whereas,  hunger 

may fall under the category of severe or moderate household insecurity where a household’s level of the 

                                                 
11 The Trussell Trust is a Non-Government Organisation and charity that works to end the need for food banks in the UK. 
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economic and social condition is limited or uncertain access to adequate food (The Trussell Trust et al., 

2019). During  2016 -2018,  8-10% of the household were deemed to be in food insecure (The Trussell 

Trust et al., 2019), a family consisting of man, wife and child, the woman was most lightly than the men 

to go without food to ensure their child had enough to eat.  

 
3.6 The use of food banks 

Between 1st April 2013 until 31st of March 2019, the number of people in crisis who received a three-day 

emergency supply from the Truffle Trust rose from 913,139 to 1,583,668 an increase of 173.43% (The 

Trussell Trust, 2019). According to a House of Commons briefing note, 43% of respondents surveyed 

were referred to a Trussell Trust for emergency food part because of problems with the benefits, 94% 

said that they were destitute, unable to buy essentials to keep warm, clean, or to feed themselves. 23% 

were said to be homeless and 75% had a mental issue in their household (Tyler, 2020). Between 2012 to 

2013 over 30% of all independent foodbanks opened, and over the last nine years, 75% of independent 

foodbanks started operating. Just half of all foodbanks had no restrictions and just under 20% of 

foodbanks allowed their clients to access food parcels just over one per month (Tyler, 2020).    
 

Fig. 4: The intended and unintended consequences of a food bank 

 
Source: The Guardian.com. 2018 & 2019, Cooper, Purcell, Jackson. 2019, Dowler, Herdt, 2019 
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3.7 The unintended consequence of implementing food banks    

Fig. 4 illustrates some of the intended and unintended consequences of a food bank. What is also 

abundantly clear is this shift in public perception seeing food banks as an acceptable response to poverty 

and food insecurity, which has now become an unintended consequence of implementing food banks.  

Carson (2008) was adamant that this distraction deflects the focus away from the root cause of food 

insecurity. Furthermore, by communities becoming emotionally, personally, and morally invested 

whereby the lack of donations or food for distribution is commonly seen as the problem, and the solution 

now becomes the role of the community to raise the awareness for contributions to the food bank, thereby 

legitimising the community responsibility. It is for these reasons why Riches; Herdt (2019) says these 

responsibilities do not reduce inequality it helps to perpetuate them by shifting responsibility from 

politicians into the community.   

Carson (2008) goes on to suggest that the very nature and operational framework of a food bank acted 

as a key indicator for the government to dismiss food insecurity at a public and personal level. Hendriks 

and Mcintyre (2014) argue that in South Africa, food security policies may be a short terms solution to 

hunger, however, in the long term, it merely worsens poverty. Some suggest that the rise in food banks 

are partly due in the short term, to the nature of free food (Williams, 2013; The Trussell Trust 2017). 

Although this view is strongly opposed by the Department for Environment, Food and Rural Affairs 

(DEFRA) who has stated both the UK and internationally, point in the opposite direction” (Cooper, 

Purcell and Jackson, 2014).   Fig. 4 highlights the increasing propensity for the existence of new food 

banks. If this is coupled with food banks in close, proximity, based on anecdotal evidence that I have 

personally witnessed from breakfast clubs.  Clients can move from one food bank to another, learning 

how to play the system. The extent to which this is occurring has not been quantified within this report. 

The direct impact that this could have on some food banks in terms of the numbers coming through the 

door, has in part, resulted in the reduction in the size and frequency of food bank contributions.   

3.8 How food banks are now perpetuating the vicious circle  

George Kirkpatrick, of the West Dunbartonshire Community Foodshare pronounced his perception of a 

further unintended consequence of food banks when he spoke about these activities should have been a 

temporary measure, however, he now fears foodbanks are being encouraged as the new norm to deliver 

welfare to the destitute (Cooper, Purcell and Jackson, 2014). Many food banks also provide a range of 

additional support during their drop-in sessions and through their partnership working with other 

agencies, which go way beyond just the provision of food (Haddad, Perry and Hadfield-Spoor, 2017). 

The result, therefore, limits the possibility for change or adequate alternative provisions being provided 

elsewhere. Particularly when the United Nations Special Rapporteur, Philip Alston highlights the 

logistical activities of food banks are reminiscent of “activity you might expect for a national disaster or 

epidemic” (Booth and Butler, 2018).  It could be argued that many of these unforeseen circumstances are 

helping to maintain the status quo thereby perpetuating the vicious circle shown in fig. 5. 
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Fig. 5: The vicious circle of why food banks (FB) exist 

 

Source: Haddad, Perry and Hadfield-Spoor, 2017, The Guardian.com. 2018 & 2019, Cooper, Purcell, Jackson.  
2019 
3.9 Are there any alternatives to foodbanks?  

What would happen if we abandoned food banks is a critical question to ask? The research identifiers 

that there are over 3000 independent food aid providers working across the UK. This includes meal 

providers, food cycles, social supermarkets, magic breakfast clubs and holiday clubs for school children, 

feeding Britain, social kitchens, on school breakfast, (Tyler, 2020). In 2016/17 the UK charity sector 

employed 865,000 people which added 17.1 billion to the economy and formal volunteering added a 

further 23.9 billion (Wilsono, 2020).  In 2017/18 a total of 167,972 charities were registered in the UK 

(Clark, 2020).  The question now remains have charities including food banks now become nothing more 

than a self-serving beast with slick advertising, professional fundraising, and good marketing campaigns? 

Regardless of how you see this, the solution is not more of the same or similar type of charitable gap 

fillers, it should be about how the government is going to implement suitable alternative solutions that 

replace them.  

3.10 The UK government implementation of national Area-Based Initiatives (ABI) 

The government has in the past used area-based initiatives (ABI), to bring together a wide cross-section 

of key stakeholders to address a range of common issues and to help stimulate local deprived 

neighbourhoods across England.  Perhaps one of the most significant of all ABI’s was the £1.7bn, New 
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Deal for Community’s (NDC) programme 12  (Christina Beatty, 2010).  This was one of the most 

concentrated attacks on area deprivation (SEU, 1998; Lawless, 2012), the programme ran for 10 years 

(from 2000 through 2010), targeting the 39 most deprived neighbourhoods across England (Romero and 

Noble, 2008). Some of its main objectives included narrowing the gap between the 39 deprived 

neighbourhoods and the rest of the country (Batty et al., 2010), secondly to build and develop 

partnerships in the voluntary, business, and public sectors to secure improvements, whilst maintaining 

the community at the heart of all of its initiatives.  The underlying fact is, the NDC area-based initiative 

was successful, however that level of success varies according to the many different research, from, 27 

of the 32 core indicator showing statistical significant change (Batty et al., 2010), to modest, place 

orientated, benefits” (Lawless, 2012). 

4.0 Conclusion 
Preventative strategies have been identified to help reduce the raw material, redistribution to people, and 

the amount of food sent for animal feed. WRAP has a vision about how to reach global resource 

sustainability, Their suggestions are against the backdrop of the Courtauld 2025 report on the UN SDG 

12.3, which would include an “accelerated sustainable resource-efficient economy through reinventing 

how we design, produce and sell products; rethinking how we use and consume products; and redefining 

what is possible through reuse and recycle” (WRAP, 2020b).   Their reports suggest that where industries 

and consumers are motivated to act and work in partnership, significant reductions can be achieved. 

Based on the progress being made between 2007 and 2018, should these strategies be maintained in line 

with the current trends and reductions, they would achieve the UN SDG baseline targets for 2025.  

 
“Ending the need for foodbanks will require action from every level of government, those delivering 

public services, employers, and charities“ (Menuforchange, no date).  By removing these food aid 

provisions (Tyler, 2020) they will help to unveil the bias priorities which such mechanisms, perpetuate, 

such as the argument to address the growing debt of the vast deficit problem (Goodman and Field, 2018). 

These masks have artificially supported these mechanisms which have now become the official safety 

net (Carson, 2008), for those who are furthest behind. Philip Alston is clear in his gesticulation, that the 

government is in a ‘state of denial’ showing signs of a disconnected action between what he heard from 

ordinary people and the government’s thinking on austerity (Booth and Butler, 2018).  Therefore, to 

achieve sustainable cities and communities, more thought must be given to how the government aligns 

its social and economic policy interventions to address the impact on those most vulnerable and furthest 

behind without these safety nets (Haddad, Perry and Hadfield-Spoor, 2017).  

Area-based initiatives have proven that it is possible to achieve change at a local level, however, one 

should be mindful of the lessons learnt before the implementation of similar programmes is repeated. 

DEFRS suggest all political parties should commit to reinstalling a safety net and implement an action 

plan to deal with food poverty (Cooper, Purcell and Jackson, 2014). Philip Alston goes one step further 

to suggest that the government needs to introduce legislative recognition of ‘social rights’ (Booth and 

                                                 
12 Although I have worked for two of the NDC’s in the past, the information outlined is factually based and independent of 

my personal views and experience.  
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Butler, 2018). Without such measures, there will be a continuation of the widening of the poverty gaps 

as a result of the Dickensian models of welfare (Cooper, Purcell and Jackson, 2014). 

 

5.0 Recommendations  
That more training, education, and awareness needs to be carried out to help change the discussion, 

dialogue and debates related to both causes and solutions of food surplus and waste. 

Better alignment and understanding of the food and drink material hierarchy (WRAP, 2020b) and how 

more measures can be put in place to reduced waste and surplus.   

To reduce the drive and appetite for food banks there are several criteria which the government 
should put in place:  

i) Improve the access to short term benefits in advance,  
ii) Enhance the availability of training, decision making and the linkages between local 

health and financial support services for people with mental health issues,  
iii) Improve the access to hardship payments and other allowances whilst identifying 

ways to alleviate the level of sanctions,  
iv) The need to improve and maintain access to emergency financial support schemes, 
v) Improve the support and advice services across the board to better meet the needs 

of all clients,  
vi) The need to strengthen the social safety net to prevent hunger and poverty by the 

government introducing legislative recognition of ‘social rights’ 
vii) Stimulate local economic development and help worklessness would significantly help 

to reduce poverty, so too would busting educational attainment. 
 

More research needs to be carried out into the unintended consequences of food banks, and the extent to 

which food banks are growing before they reach a point of saturation.  It would also be welcomed to 

investigate to what extent there are correlations between the growth of food banks and the rate of multiple 

food bank hoppers. 
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Abstract  
Many countries have formulated corresponding policies to achieve SDG 11 (Sustainable cities 

and communities). However, almost all these studies focus only on the impact of a single indicator. Due 

to the current outbreak of COVID-19, it has further tested whether cities implementing policies in 

accordance with the SDG11 is flexibly applying and analyzing the current status of the city to resist 

COVID-19’s damage to the city’s economy and resources. This paper makes a reasonable summary of 

the countries with severe COVID-19 disasters this time and uses positive theory and negative theory to 

prove the research theme. The difficulty of the research is that COVID-19 is a global emergency, thus 

the collection of secondary data needs to be analyzed in conjunction with reports and news. 

Key words: SDG 11, COVID-19, plan and implement, Achieve SDG 11 

 

1. Introduction 
At present, many cities regard sustainable development as their strategy and strive to achieve the 

SDG 11 (Satterthwaite, 2016; Patel et al., 2017). For the invasion of the COVID-19, in accordance with 

the SDG 11, the countries implementing this policy can effectively prevent the further spread and 

outbreak of the virus. However, nowadays the COVID-19 has completely exploded and spread all over 

the world. Even the cities of some developed countries, and the SDG11 target as a city for future 

development, has become a severely affected area in this outbreak. At the same time, the current situation 

proves that in the face of major disasters, such as the COVID-19, the implementation of SDG 11’s target 

strategy requires more stringent and meticulous changes. It cannot just be the mechanical completion of 

the corresponding target indicators. Therefore, this study takes COVID-19 as the background, and the 

aim is how to properly plan and implement SDG 11, so that sustainable cities can achieve their actual 

goals. The research method collects secondary data and conducts a comprehensive literature review of 

the collected data. It also makes a reasonable summary of the countries with severe COVID-19 disasters 

this time and uses positive theory and negative theory to prove the research theme center. 

2. Literature review  
2.1 Compact city with high population density 
Currently, high-density compact city models are generally considered to be the ideal way to 

maintain urban development because it can mitigate the effects of climate change caused by reducing 

energy consumption in transportation and buildings. SDG 11 aims to make cities inclusive, safe, resilient 

and sustainable. Therefore, SDG 11 has become a social consensus for the development of sustainable 

cities (Srinivasa Rao and Vazquez, 2020). It can provide more employment opportunities for residents 
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and make everyone have access to basic services, energy, housing, transportation and more services 

(Akuraju et al., 2020). The achievement of SDG 11 not only makes cities and societies more sustainable, 

but also helps achieve other SDGs (Pradhan, 2019). 

           2.2 SDG-11 planning and implementation 
At this stage, when planning SDG 11, the main purpose of governments of all countries is to plan 

and make decisions with economic growth as the main center. The problem of urban environmental 

governance is usually regarded as the treatment of sewage, atmosphere and soil, but many governments 

have ignored the guiding ideology that human and nature are the common life. The outbreak of COVID-

19 exposed the fundamental weakness of governments in planning SDG 11. It shows how widespread 

poverty in urban areas, weak health systems, lack of education and lack of global urban regional 

cooperation exacerbate the crisis. When the government implemented the SDG 11 plan, it only focused 

on the economic problems that could be improved and the basic problems that could be solved quickly. 

Meanwhile, the implementation of SDG 11 has no clear connection with the local government level. In 

the face of COVID-19, according to the ideal situation, if the SDG 11 is really rationally planned and the 

SDG 11 policies are effectively implemented, it can effectively prevent the new crown virus, but the 

actual situation is the opposite. The COVID-19 epidemic has exposed that many countries need to 

improve in the planning, emergency response, control and governance of public health events. This 

situation is also seriously inconsistent with the original purpose of SDG 11. At this stage, countries 

around the world have implemented unprecedented social alienation measures to curb the spread of 

COVID-19 (GU, Jiang, Zhao and Zheng, 2020). Such a sudden interruption of daily life may affect the 

well-being of human beings, especially people living in densely populated urban environments with 

limited public space (GU, Jiang, Zhao and Zheng, 2020). Social isolation can lead to loneliness and 

negative emotions (Hawkley and Cacioppo, 2007). Therefore, to ensure the sustainability of urban 

ecosystems, it is more important than ever to study ways to ensure the health of the urban environment 

and its people (Rifai, 2020). Hence, COVID-19 tells people that when planning and implementing SDG 

11, the ultimate goal cannot be just economic growth. In the future, people need to move towards the 

sustainable development goals of innovation, coordination, greenness, openness, sharing and adaptation 

to local conditions. Therefore, to ensure the sustainability of urban ecosystems, it is more important than 

ever to study ways to ensure the health of the urban environment and its people (Rifai, 2020). SDG 11’s 

plan and implementation direction also need to be adjusted based on people’s health. 

2.3 The impact of COVID-19 on SDG 11 
The outbreak of COVID-19 also has a multi-faceted impact on SDG 11, and the strategy’s focus 

needs to be adjusted to achieve the 2030 target. Table 1 illustrates the positive and negative effects of 

COVID-19 on SDG 11. 

Positive impacts Negative impacts 

Development of the Community is 

concerned 
Construction of a stagnant city 

in the short term 

Promote the development of safe, inclusive 

and accessible green public spaces      
Housing and basic services 

shall be affected 
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Promote the development of green building 

and healthy building 
Public transit has been affected 

Fostering the growth of new industries Increased unemployment 

Table 1 The impact of COVID-19 on the positive and negative aspects of SDG 11 

Source: (Gulseven, Al Harmoodi, Al Falasi and ALshomali, 2020) 

 

Therefore, according to Table 1, in order to achieve the target of 2030, each government needs to 

adjust the planning focus, not just blindly planning and implementing according to SDG 11 indicators 

(Gulseven, Al Harmoodi, Al Falasi and ALshomali, 2020). First, from housing to infrastructure, urban 

security and education, local decision-makers need to make choices and innovations. Meantime, in order 

to determine the priorities to be achieved by 2030 and accurately measure their progress, further analysis 

of the impact of 2020 and the ultimate goal of 2030 is needed. Table 2 illustrates the impact of COVID-

19 on SDG 11 in 2020, and the directions that need to be paid attention to later in order to achieve the 

2030 target. 

SDG 11 Target 2020 Achieve 2030 

Suitable, secure 

and affordable 

accommodation 

The lockdown has 

resulted poor housing 

conditions and some 

people were unable to 

afford the rent 

Need to pay more attention to the 

creation of new positions, and 

also build green and healthy 

buildings or reconstruct to 

optimize the old buildings 

Safe, affordable 

and sustainable 

transportation 

Most air, train and 

road transport are 

closed 

Make more attention to 

transportation and transportation 

development. Stimulate deeper 

communication between the 

transnational cities 

Employment and 

sustainable 

communities 

Some have missed 

their jobs 
Create new industries and 

diversified work elements 

Safe and green 

public space 
Increased sense of 

social isolation due to 

isolation, especially 

the elderly and 

children 

Increase education, health and 

social protection spending while 

building more urban space 

Table 2 Effects of COVID-19 on SDG 11 in the short and long term 

Source: (Gulseven, Al Harmoodi, Al Falasi and ALshomali, 2020) 

3. Methodology 
This research mainly collects and compares the literature review based on the actual effect of 

SDG 11 in COVID-19. As shown in Figure 1, the search follows a systematic review process. Firstly, in 

large databases, such as Google Scholar and Scopus (Kolle, Shettar, M. and G.S., 2018), electronic 
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publications related to SDG 11 and COVID-19 were searched. Use appropriate keyword search, for 

example, the implementation measures of SDG11, how to implement SDG 11 in the face of the conflict 

of COVID-19, facing the predicament of COVID-19 sustainable development city. All these data have 

been downloaded to Mendeley. However, because the research topic involves COVID-19 global 

emergencies, when searching for documents, there are certain difficulties in searching for documents 

because the topics are relatively new. Therefore, it also needs to be combined with certain conference 

news reports for reference. 

 
Figure 1 Overall Process and Flow Research 

Source: Author  

The collected articles and reports are divided into positive examples and negative examples. 

Firstly, the negative examples used to explain that the mechanical pursuit of SDG 11 caused the conflict 

of SDG 11 internal goals. Secondly, through positive examples, it is proved that SDG 11 can play a real 

role in resisting COVID-19 and improving urban efficiency. 

4. Discussion and Findings 
4.1 Do not blindly pursue SDG 11 
This research takes COVID-19 as an example to demonstrate that the pursuit of SDG 11 by 

blindly causes conflicts within SDG11’s internal goals, namely reducing disaster losses (COVID-19) and 

improving urban efficiency (increasing the degree of aggregation). Excessive pursuit of urban efficiency, 

such as increasing population concentration, it increases the losses caused by various disasters, such as 

the spread of viruses. Excessive disaster prevention increases the cost of living. Therefore, the blindly 

pursuit of each goal in SDG 11, the final result may be counterproductive. If in order to achieve the SDG 

11, continue to blindly implement economic growth-led policies, there is no way to prevent the spread 

of the COVID-19, which make eventually cause more serious consequences. 

4.2 High concentration of population 
The compact urban model with high population density is usually considered as an ideal way to 

maintain urban development, and the sustainable urban development cannot be separated from the trend 

of urbanization and population aggregation (Srinivasa Rao and Vazquez, 2020). Because of the relative 

concentration of buildings, people require relatively concentrated use of buildings, which can improve 

the efficiency of building use, save land resources, and promote the development of green building and 

healthy building (Zhao, He, Johnson and Mou, 2015). Ultimately reduce resource consumption and 

energy emissions, promote sustainable development, and achieve SDG 11. However, the high population 

aggregation is conducive to the spread of the virus and the uneven distribution of social resources. 
A. The high concentration of the population helps spread the virus 
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Most studies have stated that population density is an important factor affecting the spread of 

infectious diseases, because population density can cause crowds to gather and increase the probability 

of spread (Rocklöv and Sjödin, 2020). For example, Wuhan, China, where the coronavirus outbreak first 

broke out, is the most densely populated city in central China, with a population of 11 million (Zhang, 

Bin, Yuan and Tao, 2020). Also, in the U.S, New York City, which has a severe COVID-19 epidemic, 

is the most densely populated city (Courtemanche et al., 2020). 
B.  Uneven distribution of social resources 

New York, U.S. has a detailed plan for SDG 11, and due to the increasing population of New 

York, New York pays more attention to the planning of housing indicators. Since 2014, New York has 

increased the construction and maintenance of affordable housing to the highest level in 30 years (The 

City of New York, 2018). Funded more than 87,500 affordable apartments and houses. At the same time, 

plans to transform the historic Greenpoint Hospital into 300 to 600 new affordable apartments in the 

community (The City of New York, 2018). In 2017, New York also announced the ‘Elderly Priority ’

plan, which is a series of new affordable housing plans to increase the number of elderly housing in the 

city (The City of New York, 2018). In terms of land planning, it is more from the direction of economic 

development, the purpose is to promote employment and economic opportunities. However, because it 

is too biased towards housing and neglects the supporting services of community resources, it causes 

medical resources and green space resources only meet daily needs. As for the increasing population and 

housing, medical resources are gradually unable to meet the population growth rate. The government is 

more focused on the economic benefits of sustainable urban development. For the urban green space, 

resource allocation only meets people's basic needs for food, clothing, housing and transportation, and 

ignores high-quality resource allocation. For transportation resources such as the New York subway, 

more than 5 million people use it a day (The City of New York, 2018). In the face of such a huge flow 

of people, it ignores how to control the use of subways by people and the sanitation management of 

public transportation. Therefore, after the outbreak, New York became the hardest hit area, and this 

contradicts SDG 11. 

4.3 Planning and implementation of SDG 11 needs to be adapted to local conditions 
Under the background test of COVID-19, the planning and implementation of SDG 11 need to 

consider more about whether the high economic growth of the city brings good social services? For 

example, the economic scale and per capita GDP of Wuhan and New York megacities are at the forefront 

of their respective countries, and also, SDG 11 is taken as the urban development goal. However, through 

COVID-19, the super shortboard of public health in megacities is exposed (Manheim and Denkenberger, 

2020). Therefore, the implementation of SDG 11 can no longer blindly achieve indicators as the only 

one plan, and also cannot only consider economic growth. Rather, it needs to plan and implement 

according to local conditions. For example, if population aggregation is reasonably linked to SDG 11, 

the virus should be effectively prevented and controlled regardless of population aggregation. 

A.  After reasonable combination with SDG 11, the advantages of population 

aggregation 
The prevention and control of viruses by population aggregation not only has its drawbacks, but 

also has advantages. Hong Kong, for example, is the most densely populated city in the world, but the 

current spread of the COVID-19 epidemic is the slowest compared to other countries. The reason is that 

based on the city’s own situation, Hong Kong has formulated a series of prevention programs combined 
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with SDG 11. One of the methods is to make the information of confirmed cases open and transparent. 

Apart from keeping the name confidential, other personal information is placed online. For example, age, 

gender, which hospital live in, whether people are a Hong Kong resident or an imported case, or even 

where each of them once stayed, stayed in that building, all marked (Cheng et al., 2020). And it has 

concentrated effective medical resources for follow-up treatment at any time, which has prevented the 

spread of the virus and prevented the virus from spreading at the source (Cheng et al., 2020). Therefore, 

population aggregation has advantages in virus prevention and control. Although Hong Kong has always 

had drawbacks in housing resources, the Hong Kong government is not blindly focused on housing 

resources planning. This time, through COVID-19, to a certain extent, it shows that in the planning and 

implementation of SDG 11, Hong Kong has gone through the analysis of its own conditions, which a 

certain extent meets the average distribution of social resources, such as medical resources. 

• Specific case----SDG11 Facing population aggregation 

If decision-makers can plan and implement SDG 11 according to local conditions, urban 

population aggregation it can improve the effective management of big data, and population 

concentration is more conducive to data collection. For example, when there is a serious shortage of 

medical resources in the outbreak of an epidemic, temporary hospitals can be built in a large city with a 

large population to alleviate the problem, and information collection can be carried out for the 

concentrated patients to track the spread of the virus, and more clinical information about COVID-19 

can be obtained. Medical personnel in various countries of the world can quickly share information and 

conduct efficient research. Finally, because of the dissemination and sharing of information, the 

development of communication media technology has been promoted. Meanwhile, during the isolation 

period, people in Wuhan, for example, cannot enter shops and medical centers to purchase daily 

necessities and medical supplies. However, due to the high concentration of population, logistics 

transportation and express delivery services have established a mature logistics network. Wuhan citizens 

can still have enough daily necessities and medical supplies to ensure the normal progress of life, and at 

the same time ease the contact between people during isolation Dangerous. In Melbourne, before the 

outbreak of COVID-19, Melbourne developed a ‘20-minute neighbourhood’ strategy based on SDG 11 

and conducted a pilot (Cristy, 2019). From shopping to health care to sports, almost all the facilities that 

citizens need is within 20 minutes of walking or cycling. After the outbreak, such measures effectively 

prevent excessive population movement and facilitate centralized management during the outbreak. 

• Specific case -- SDG 11 facing traffic 

In sparsely populated areas, the mode of transportation prefers the interconnection between pairs 

(Chinazzi et al., 2020). For example, there are four living areas of A, B, C, and D. When people at point 

A want to go to B, C, and D, they usually use direct roads. That is, from A directly to B, C, D does not 

transit through any third place. However, for densely populated areas, such two-to-one interconnection 

is too inefficient, so it is more the mode of using transportation hubs, such as elevated roads and subways 

(Chinazzi et al., 2020). At this time, if people want to go from point A to point D, people may choose to 

go from point A to the nearest transportation hub, such as the nearest subway station or elevated road 

entrance. Then from the junction near point D to point D. That is, no matter from point A to point B or 

point D, it is possible to use the same transportation hub. The advantage of this mode of transportation 

is that if government want to reduce the flow of people throughout the city, government only need to 

control these transportation hubs. Such as closing the subway, closing the elevated. For the two-to-one 
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intercommunication model adopted in sparsely populated areas, it is necessary to control all routes to 

reduce the flow of people. Therefore, in the planning and implementation of SDG11, each city needs to 

refer to the urban population and carry out a reasonable and effective distribution of transportation 

facilities. It is not to complete the SDG 11 target to blindly expand or shrink public transportation. 

• Specific case-SDG 11 facing medical resource allocation 

Generally, specialized hospitals most exist in cities. The prevention and control of the epidemic 

requires the support of professional institutions. It is difficult for local general hospitals to play a role in 

this explosive practice. For sparsely populated areas, there is probably only one hospital in an area. But 

in cities with dense populations, multiple hospitals can support each other. For example, turning certain 

hospitals into hospitals that only accept infected people. Therefore, more resource allocation issues need 

to be considered in SDG 11 planning and implementation. In the event of public health, discussing the 

governance and service level of urban public health is conducive to a series of urban environmental 

transformation, public health standardization and the establishment of a disease monitoring system, so 

that cities have ‘vaccines’ against viruses and become ‘immune cities’. Promote the sustainable 

development of cities and human beings. To truly realize the effective allocation of medical resources in 

SDG 11. For Wuhan, due to the sudden development of COVID-19 at the initial stage, there was a serious 

shortage of medical resources in the early stage. Thus, in the early days of the lockdown of Wuhan, mild 

and suspected patients were taken home isolation measures, but due to the high contagious nature of 

COVID-19, it has increased the spread of family aggregation. In response to this situation, the 

government quickly built a Mobile cabin hospital in early February to centralize the isolation and 

treatment of mild patients (Sun, Wu and Zhang, 2020). On the one hand, it prevents patients from getting 

worse, on the other hand, it reduces family transmission. It can be said that the Mobile cabin hospital 

played an important role in the success of Wuhan's fight against the epidemic. Meanwhile, centralized 

treatment of patients infected with the virus prevent the virus from spreading to a certain extent and 

coordinate the resources between the hospitals. Therefore, although there was a shortage of medical 

resources in Wuhan in the early days, the government quickly concentrated the population according to 

the actual situation in Wuhan, and innovatively proposed the planning concept of establishing a Mobile 

cabin hospital, which effectively prevented the virus transmission. The Wuhan government successfully 

planned and implemented SDG 11 according to local conditions, effectively and timely allocated medical 

resources. 
B. Science and technology assist in the planning and implementation of SDG 11 

The relationship between the implementation and planning of SDG11 and technical assistance is 

inseparable. The sustainable development of city process is closely related to the assistance of science 

and technology. The development of science and technology needs to focus on urban life and humans’ 

healthy. COVID-19 further proves that the goal of SDG 11 can be achieved in the future, and 

technological development is a necessary factor. At present, with the development of vaccine, COVID-

19 is gradually reduced the threat to human life. But natural disasters of infectious diseases do not have 

only one classification. They are also changed with the changes of the times and the status quo of modern 

society to adapt to the new way of life of mankind. Continue to implement low-cost prevention and 

control strategies, the cost of losses caused by viruses and natural disasters are more serious. The 

sustainable development of the city and the final realization of SDG 11 are also hindered. Therefore, 

technological development has become a necessary factor for the development of SDG 11. For example, 
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during the COVID-19 epidemic, firstly, many hospitals in China carried out online medical services and 

provided free online consultations, which not only reduced the pressure on patients and the risk of cross-

infection on the spot, but also effectively mobilized existing medical resources (Shaw, Kim and Hua, 

2020). Meantime, the application of artificial intelligence in the fields of medical image recognition, 

mobile disinfection, drug distribution and temperature measurement inspection can also effectively 

improve the utilization efficiency of medical resources. Secondly, many governments have launched 

‘epidemic prevention and health information code’, which is convenient for communities to judge the 

health status of residents and identify the population to be isolated (Shaw, Kim and Hua, 2020).  

C. The pushing effect of green building on SDG 11 

Meanwhile, green building is also an important factor in achieving SDG 11. Green building can 

adapt to the natural environment of each city, and automatically adjust energy to changes in the current 

environment. And also, green building focus on solutions to improve air quality, especially in densely 

populated office buildings. The introduction of fresh air into buildings and the function of improving 

ventilation outside dense communities played an important role in the prevention and control of COVID-

19. Therefore, in the large environment of COVID-19, green buildings have played a positive role in 

preventing and controlling COVID-19. It can be summarized in five aspects (GBRI, 2020): 1. Increase 

ventilation. 2. Provide basic functions of epidemic prevention. 3. Provide convenience for epidemic 

prevention. 4. Reduce the risk of infection. 5. Enhance residents’ health and immunity. Therefore, green 

building plays an important role in the real realization of SDG 11 in the future. To a certain extent, it can 

achieve the sustainable coordination and development with the natural environment and it is conducive 

to the prevention and control of the virus. 

4.4 The case for planning and implementing SDG11 in a local context   

A. Management measures based on property management in China 
In sparsely populated areas, people’s lives are more about managing their own communities, 

which is enough to meet daily needs. However, in areas with concentrated populations, more efficient 

methods based on community management are adopted. The characteristic of community management 

is that professional people do professional things. There are professional staff to maintain the safety of 

the community. This lifestyle of high division of labor and cooperation naturally forms a community-

based rights system. For example, in China, the institution that enforces this right is the Property 

Management Association. When COVID-19 occurs, this existing system of rights can naturally exert a 

powerful grassroots control function. For SDG 11, the community’s supporting facilities and services 

are also essential development factors. China implements a top-down and bottom-up mutual supervision 

structure for community management. The community structure has reached a high degree of agreement 

with the national government. Meanwhile, residents have a real sense of belonging, identity and 

responsibility for the community. For the current situation of Chinese cities and the high concentration 

of population, with the increasing number of ‘human to human’ cases, community, as the smallest urban 

governance unit based on space, has become the most important part of local epidemic prevention and 

control. According to the analysis of the changes in the epidemic situation after the closure of Wuhan, if 

the community isolation measures of 50% or higher are not taken, even if the travel activities in China 

are limited by 90%, the effect of suppressing the spread of the epidemic is not be very good (Chinazzi et 

al., 2020). It can be seen that community management has become the main method for effectively 

controlling the epidemic in areas with small urban space. Therefore, the level of comprehensive 
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government governance and the epidemic prevention awareness of the grassroots communities are 

interlinked and are indispensable. This is the ‘immune system’ that a city or even an area should have, 

especially for sustainable cities. For the later measures to achieve SDG 11, sustainable development 

communities and property management companies are also become development strategies, especially 

for cities with large populations. 

B. Establishment of resource information sharing channels 

Nowadays, most people obtain information through the Internet. It seems that the Internet has 

broken the limitation of physical distance. Even if people do not gather together, they can exchange 

information without barriers. But being able to spread information regardless of distance does not mean 

being able to spread information unimpeded. Because people now face a lot of information every day, 

any useful information is easily overwhelmed by other spam, people are more willing to believe that they 

have physical contact information. Therefore, the news about the epidemic released by people around 

people may more convincing than the comments made by an expert on the other half of the earth. For 

example, most people in China use WeChat for social communication and contact, and for the 

information sent by the WeChat circle of friends, the main body of sharing information is to establish 

relationships through daily physical distance. Therefore, people generally pay more attention and trust 

(Lu and Zhang, 2020). The information dissemination on the Internet also gradually relies on these 

closely connected small circles. Without the close contact of everyone in the physical space, it is 

impossible to produce an efficient information diffusion channel in the network. Therefore, the 

establishment of a reasonable resource information sharing channel according to SDG 11 is helpful to 

the popularization of epidemic prevention and control knowledge and information sharing. At the same 

time, the government media also needs to conduct a reasonable review of the information, so that the 

correct information can be effectively spread. 

5.  Conclusion  
Although in the early stage of COVID-19, governments of various countries faced unprecedented 

challenges in population aggregation, transportation, social resources and policy implementation. Even 

for those cities that use SDG 11 as a guide for development, there are various problems in coping with 

COVID-19. These problems include the shortage of medical resources, the shortage of green public 

space, the obstacles of information sharing and the traffic interruption. But this does not mean that SDG 

11 hinder the sustainable development of the city. On the one hand, the governance measures for COVID-

19 in Wuhan and Hong Kong, it shows that the planning and implementation of SDG 11 need to be 

constantly adjusted and supplemented according to the current status of the city. On the other hand, In 

the fight against the COVID-19 disaster, various city governments have further promoted scientific and 

technological innovation in the planning and implementation of SDG 11, and improved the government’s 

ability to manage urban big data. At the same time, it makes decision-makers pay more attention to the 

analysis of the current status of the city, and timely adjustment and innovative management of social 

resources according to the current status of the city. In the event of an emergency such as COVID-19, 

planning and implementing SDG 11 cannot focus solely on ensuring economic growth and blindly 

pursuing indicators. The planning and implementation of decision-makers need to adapt to local 

conditions. Otherwise, SDG 11 eventually fail to meet the expectations, and even cause more disasters, 

resulting in more losses. 
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Abstract 
About, 40% of the world’s population, mostly in low and middle-income countries, do not have access 

to sustainable energy amidst an increasing demand for sustainable energy in the global south as part of 

low carbon economy transition. In Nigeria, this is further exacerbated by the ravaging impact of gross 

energy poverty. Against this backdrop, Small and Medium-sized Enterprises (SMEs) which plays 

significant role in achieving the United Nations (UN) Sustainable Development Goals (SDGs) are 

adversely affected; with cascading impact on local economic growth and ecological systems. In Nigeria, 

inaccessibility and regular outages of power from the national grid has compelled SMEs to rely on fossil-

based energy sources which aggravates environmental pollution, increasing mean carbon footprint, and 

further expand social and economic consequences. This paper implemented observatory investigation 

and conducted semi-structured interviews to obtain data on the cost, quantity consumed and sources of 

energy in Wula in Boki forest area of CRS, Nigeria. Using standard emission factors, we estimate carbon 

footprint and identify sustainable energy potentials of the community.   

The study found a significant sustainable energy potential in the local community and opportunities for 

co-creating sustainable interventions that could jointly address energy needs for SMEs and proffer 
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solutions for environmental and social impacts. The analysis further indicates that SMEs spent about 

$13,563 USD annually on fossil fuel-based energy and consumed 33,215 litres of petrol and 

diesel/annum; an estimated 76,891.0642 KgCO2e (76.89106 tCO2e) per annum of CO2 emission. Having 

scaled the problem, we plan to demonstrate a hybridised sustainable energy system aimed at reducing 

CO2 emissions, sustain SMEs viability and contribute towards the achievement of the UN SDGs. 

Potentially, this could establish new business frontiers for the rural poor, lift families out of poverty and 

transform rural lives in line with the SDGs requirements.  

Keywords: Sustainable energy, Carbon footprint, Small and Medium-sized Enterprises, Global 
South  

 

 

1.0 Introduction  
Recently, the public policies promoting the transition to sustainable energy have given its attention to the 

promotion of energy efficiency and the adoption of new sources of energy such as renewable or 

sustainable energy (green energy) in order to minimise increasing carbon emissions (Segarra-Blasco and 

Jove-Llopis, 2019a). The implementation of sustainable energy technologies has faced a range of barriers 

that have affected their rate of adoption globally (Luthra et al., 2015). One key strategy for transitioning 

to a low-carbon and sustainable energy model is to enhance the share of renewable energy, mainly for 

electricity generation (Pfeiffer and Mulder, 2013). Energy poverty and absence of sustainable energy is 

hindering the growth of small and medium-sized enterprises (SMEs) in the Global South with severe 

impacts on the society. In the Nigerian context, inaccessibility and regular outages of power from the 

national grid compels SMEs to rely on fossil-fuel based energy systems which exacerbate pollution and 

carbon footprint with severe environmental, social and economic consequences. Nigeria is also facing 

electricity crisis resulting the threatening of most business sectors. It is estimated that around 40% of 

people in Nigeria are connected to the national grid but the connected population/communities are 

exposed to frequent power outages causing disruption (A. S. Aliyu, Dada and Adam, 2015). Furthermore, 

electricity is conventionally generated by employing the natural resources such as oil, coal and gas and 

the fossil-based electricity contributes to increase in carbon footprints (Balsalobre-Lorente et al., 2018).  

Growing energy demand and increasing concerns about environmental and economic costs call for 

sustainable energy interventions in Nigeria. Therefore, this project aims to evaluate the potential of 

sustainable energy in SMEs for minimizing the carbon footprint and accelerating the energy transition in 

a local community of Wula in Nigeria. The project has adopted a novel approach of co-creating 

sustainable energy solutions and bottom up approach to capture the perspective of the local community. 

It is argued that energy availability is crucial for the economic growth of the local community in Wula. 

Also, access to clean, affordable and reliable sustainable energy is key in achieving sustainable 

development (namely SDG 7: Affordable and Clean Energy) (Emodi and Boo, 2015). The paper first 

presents the literature review to develop theoretical background around the topic area. Research 
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Methodology is presented followed by the analysis of data and findings. Then, key findings are discussed, 

and conclusions are drawn with direction for future project work.  

2.0 Literature Review  
The reality that the earth is heading for an unprecedented environmental crisis has never been more 

imminent than in the last decade (Burgess, Bowring and Shen, 2014; Redclift, 2010). With increasing 

production and consumption patterns among super-rich nations driven mostly by profits, coupled with 

the unwillingness to honour carbon emissions treaties, there is no doubt of the earths continued 

environmental crisis. Whereas increasing production activities in the global north has meant greater 

prosperity for the citizens and businesses, the situation in the south is not just gloomy, but near bleak 

(Werther Jr and Chandler, 2010; Lin, Omoju and Okonkwo, 2015; Xu and Lin, 2015).  

Occasioned by weak economies, weak fiscal policies and near absent social safety nets, and public 

infrastructure, nations in the global south tend to thrive solely on micro-economies, mostly micro, small 

and medium-sized enterprises (MSMEs/SMEs), whose productive capacity is equally limited by these 

preceding factors (Yacob, Wong and Khor, 2019; Segarra-Blasco and Jove-Llopis, 2019b). Despite the 

obvious lack of critical public infrastructure, specifically power supply, MSMEs/SMEs have consistently 

contributed to the sustenance of African economies but from conventional fossil dependent energy 

systems; hence making them outstanding culprits for carbon emissions. In Nigeria for instance, 

MSMEs/SMEs has in addition to high emissions, continued to struggle with the cost of fossil, imported 

goods and services and production with an increasing attendant cost and damage to the environment 

(Akuru and Okoro, 2009; Amrinder, 2016; Oyedepo, 2012; Pursiainen, 2018). 

Several experts commentaries and the UN sustainable development drive for responsible consumption 

and production are making it imperative for governments at all levels, the private sectors and responsible 

communities to explore and pursue alternative sources of energy with the view to decarbonise the 

atmosphere (Braun, 2020; A. K. Aliyu, Modu and Tan, 2018; Munro, van der Horst and Healy, 2017; 

Hodge, 2017; Bello, 2015). Braun further argued that if nations must contribute substantially to curbing 

carbon emissions, there must be a deliberate drive towards even “demonopolisation” of energy 

generation because monopoly plays a central role that shield small and medium-sized enterprise from 

making sustainable progress. 

In the Nigerian context, it is intriguing to reveal that the regulatory framework for the production and 

transmission of energy on a large scale outlaws the participation of individuals, hence the resort to the 

use of fossil-based systems by small and medium-sized enterprises and households. The scale of the 

population adapting to lack of sustainable energy in Nigeria is huge yet, the carbon footprint from this 

sector has been ignored and given less attention globally. Hence, innovative approaches to analyse the 

carbon footprint of SMEs and proffer solutions for local communities could portray a ray of hope for the 

global climate system, responsible consumption and production, and chart the way for affordable and 

clean energy systems. (Oyedepo, 2012) further illuminate the benefits of sustainable energy to include 

reduced cost of production; leading to higher returns on investment, improved spending capacity, hence 

the possibility of improved access to quality health care, education and nutrition; reduced carbon 

footprints, among other things. 
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To achieve some of these UN SDG targets, suggested a “full exploration and promotion of renewable 

energy sources (including hydro, solar and wind), energy efficiency practices, as well as the application 

of energy conservation measures in various sectors” (Hampton and Fawcett, 2017; Kalantzis and 

Revoltella, 2019; Rahil et al., 2019). This position is in line with some empirical studies conducted by 

the (Kumar, Fujii and Managi, 2015) on linking renewable energy to rural development. It reveals that 

renewable energy sector grew by 26% between 2005 and 2010 globally, and at the time provides about 

20% of the world’s total power, with substantial supply in the rural areas. The reports overarching 

summary agrees with the argument of Oyedepo (2012) that the impact of this thrust brought about an 

improvement in local revenue, local jobs, innovations in products, processes and policies, capacity 

building and empowerment, affordable and reliable energy.  

 

The implication of these arguments is that properly deployed sustainable energy in local communities 

targeted at MSMEs/SMEs sector benefits a wider population, the environment and stimulates a bottom-

up economic growth which is central to this study. Though other theoretical assumptions tend to ignore 

the cost implications of energy transition for SMEs, they recommend that regional and local governments 

must adopt a pragmatic integrated rural sustainable energy development programme. This pilot study 

examines the cost and cost implications of fossil energy consumption to complement the gap in literature 

and suggest possible approaches of energy transition for Wula (I) of Boki LGA of CRS, Nigeria 

(Balsalobre-Lorente et al., 2018; Bello, 2015; Chappells and Shove, 2005). An integration of policy 

formulation to guide investments in renewable energy in local communities has been advanced as 

peculiarity boosting economies while factoring in strategies for achieving the UN Sustainable 

Development Goals, (SDGs) and the aims of New Partnership for African Development (NEPAD) 

(Ahmed-Hameed and Wapmuk, 2017; Edkins, Marquard and Winkler, 2010).  

 

In alignment with this objective, this study proposed a further modelling of an integrated modular hydro-

electric power (MHEP) systems for Wula community with an attempt to suggest community 

collaboration n co-creating local energy management policies. This is because it has been contended that 

active engagement with relevant stakeholders at the community, local, state and national levels are 

essential for establishment of new systems in the global south (Ferdig, 2007; van der Jagt, Alexander PN 

et al., 2019). This study adopts gatekeeper’s engagement strategy and snowballed into a wider 

community engagement to ensure effective dialogue to scope the readiness of MSMEs/SMEs owners to 

transit from fossil to renewable energy, reduce their carbon footprints and impact of CO2 on the 

environment.  
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3.0 Methodology  
The study implemented and exploratory investigation through application of semi-structured interviews 

to conduct a pilot study and obtained data on energy type, quantity consumed and annual cost. Standard 

emission factors were applied to estimate individual and gross carbon footprints of the SMEs and 

evaluation of sustainable energy potential of Wula (I) community in Boki, Cross River State Nigeria. See 

figure 1 below 

Figure 1; Topographycal Map of Wula I & II in Boki LGA of Cross River State, Nigeria. 

Source: (Shomkegh, Adaje and Verinumbe, ) 

Wula (I) is about 20 km from protected forest areas of Boki with endangered species of plants and animals 

of global importance. We delineated an area with a population of about 10,000 people, 16 energy users 

SMEs and the rest of the population survive rom peasant arming and dependence on forest wealth. The 

study focused on SMEs which are the ubiquitous businesses in the community which activities have 

direct and cumulative impact on the environment and socio-economic life of the people. As indicated on 

Kalantzis and Revoltella, (2019), examples of the businesses in the community includes barbering shops, 

restaurants, and medicine stores.   

To collect data for this study, we invested embarked on a 48 hours exploratory pilot survey in September 

2019; conducted both one-to-one and focus group interviews with relevant stakeholders in the 

community to collect data and formed arguments for cocreating effective and sustainable energy 
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solutions. Owners of small and medium-size enterprises were mostly engaged in a one-to-one interview 

while the focus group sessions involved youth and elderly community leaders. Participants were 

randomly selected and interviewed to assess community energy sources, quantity consumed and 

acceptance threshold of alternative energy (Devine-Wright and Wiersma, 2020; Bartolini et al., 2020; 

Zhang et al., 2020). We interviewed 46 households to evaluate community acceptance of alternative 

renewable energy plan (analysis is outside the scope of this paper) and 16 SMEs which data formed the 

bases of this paper (see (Yacob et al., 2019; Ugwu and Haupt, 2007). One-to-one interview with each 

SME owner lasted for about 25 minutes including observatory investigations where applicable.  

Consistent with the objective of our study, we collected energy data according to sources, rate of 

consumption, and cost implications, for each SME per day and estimated annual consumption from 

extrapolatory calculations (Bolton, 2017; Cheung and Wang, 2018; Faghani, Ashrafi and Sedaghat, 

2018). From observatory investigation, we collected photographic evidence of petrol generating sets per 

business and the corresponding quantity of petrol or diesel fuel consumed daily for data verification. 

However, the study does not include analysis of the running cost (maintenance/servicing) of the 

generating set which could be considered in subsequent exploration.  

Nonetheless, the direct cost of fuel was calculated using the local retail price of N150.00/litre and 

N300.00/litre for petrol and diesel respectively. Emissions and carbon footprint were estimated by 

multiplying the standard emission factor (section 4) by quantity of petrol and or diesel consumed per 

SME (Lingl and Carlson, 2010). 

4.0 Results and Analysis  
Detail analysis of energy (fuel) type, daily and annual consumption by SMEs in Wula, Boki area of Cross 

River State Nigeria, is presented. Further estimation of financial cost and carbon footprints resulting from 

gross consumption is calculated and analyse in this section. We implemented Petrol (100% mineral 

petrol) gross calorific value (CV – 0.24099) and diesel (100% mineral diesel) gross calorific value (CV 

– 0.25267) emission factors to determine in kilowatt (kWh) of petrol and diesel fuel consumed per 

kilogram of carbon equivalent (Liu et al., 2015; Lingl and Carlson, 2010).  

Carbon footprint (KgCO2e) = emission factor (CV (kWh)) X quantity of fuel consumed 

Tons of CO2 equivalent (tCO2e) = KgCO2e/1000 

We implement the obtained prevailing retail cost of three hundred naira (N300.00/litre) in estimating the 

cost of diesel in the data while oanda exchange rate was implemented in determining USD equivalent of 

local currency. Accordingly, fuels 100% minerals factors were adopted because both fuel sources were 

unblended with biofuels sources.  

 

4.1.  Energy Source, Consumption and Impact     

Results of SMEs activity, fuel type, daily and annual fuel consumption (in litres) is shown in Table 1. 

The result shows that 100% of energy used by SMEs in the local community is from fossil sources 

(mostly petrol and diesel). Each SME consumes an average of 4.44 litres for a maximum of 5 hrs/day 

between 6 pm and 11 pm, a combined daily total of 71 litres from 16 SMEs. This implies that electric 

energy dependent commerce is closed after 11 pm with the entire SMEs and households’ resorting to 
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alternatives mostly firewood and kerosene lantern which has exponential negative health implications. It 

can cause degradation of air quality in homes while producing toxic and carcinogenic gases. The direct 

exposure to kerosene have various consequences such as unintentional poisoning, dermatitis, chemical 

depression and headaches, loss of memory and affects respiratory, kidney and blood functions (Epstein 

et al., 2013). The combine impact of inaccessible sustainable energy and community adaptation strategies 

is subjecting both businesses and communities to several health dangers and avoidable environmental 

impact. From the data analysis, it is found that a total of 25,950 litres of fossil petrol/diesel is consumed 

per annum and the health implications in the community remained under reported and ignored by the 

concerned authorities. This is in contradiction to ‘SDG 3: Good Health and Well-being’ which aims to 

ensure healthy lives and promote well-being for all at all ages in communities across the world. It is 

believed that investment in alternative sustainable energy solutions could help reduce these health and 

environmental impacts and vulnerability and enshrine new livelihoods and save the climate in line with 

the UN SDGs. 

Table 1; Estimated SMEs annual fuel usage and carbon footprints 
SME TYPE FUEL 

TYPE 
DAILY 
USAGE  
(LITRES) 

ANNUAL 
USAGE  
(LITRES) 

ANNUAL 
EMISSION 
(KgCO2e) 

Provision store for one-stop 
shopping  

Petrol  4 1460 
351.8454 

Commercial Foodstuffs vendor  Petrol  6 2190 527.7681 
Hair Dressing Shop Petrol  5 1825 439.80675 
Tailoring Shop (Making and 
mending cloths)  

Petrol  5 1825 
439.80675 

Provision Store and Onestop 
shopping  

Petrol  4 1460 
351.8454 

Commercial Mobile Phones 
Charging Shop 

Petrol 8 2920 
703.6908 

Sports viewing Centre and Sale of 
cool drinks   

Petrol 3 1095 
263.88405 

Sale drinks, Provisional items and 
Fast Food 

Petrol  5 1825 
439.80675 

Provision Store for Onestop 
shopping  

Petrol  10 3650 
879.6135 

Commercial Food vendor   Petrol 2 730 175.9227 
Medicine Store (Chemist) Petrol  3 1095 263.88405 
Provision Store one-stop shopping  Petrol 6 2190 527.7681 
Fast food and Food items   Petrol 3 1095 263.88405 
Patent Medicine Store  Petrol  3 1095 263.88405 
Medical Diagnostic Laboratory  Petrol 4 1460 351.8454 
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4.2 Estimating Carbon footprint of SMEs   

The combine carbon footprint of selected SMEs stands at 8, 089.747 kgCO2
e (equivalent of 8.089 tCO2e) 

per annum; implying an emission of 505.609 KgCO2e/SME/annum. With each SME emitting at least 

half a ton of Carbon dioxide, the implications for climate change and widespread severity on the society 

could exacerbate physical and socioeconomic consequences (Yao, Huang and Song, 2019). If sustainable 

energy measures are continuously ignored, there is a high tendency of aggravated global warming 

potential SMEs and direct impact on the preserved forest, biodiversity and ecological systems (Amrinder, 

2016; Midgley and Bond, 2015). The carbon footprint of the local business community in Wula needs 

attention and sustainable energy interventions can minimise this whilst ensuing the economic and human 

health & well-being. Therefore, the local interventions can help align with the SDGs such as SDG 7: 

Affordable and Clear Energy, SDG 9: Industry, Innovation, and Infrastructure, SDG 11: Sustainable 

Cities & Communities and SDG 13: Climate Action 

 

4.3 Estimating Financial Cost of Energy (COE) on SMEs 

SMEs in the Wula community have significant financial Cost of Energy (COE) as a result of regular fuel 

consumption. The data indicates that SMEs spent an equivalent of $15,432.81 USD annually by 

consuming 25, 950 litres of fossil energy (petrol and diesel). This is equivalent of 0.6 cents/litre (see 

Table 2). This excludes the cost of generator’s monthly maintenance and parts replacement which 

according to an SMEs operator, “has high impacts on her business turnover” and impact on livelihoods 

in a typical rural community. On the contrary, a $15, 400 USD investment on renewable alternatives 

such as solar PVs and mini-wind systems could serve the energy need of SMEs, reduce reliance on fossil 

sources and provide return on investment. More so, such investment could save SMEs energy cost and 

increase turn over, reduce carbon footprint and improve quality of life in rural communities.  

Table 2; Estimated annual fuel usage and financial cost 
SME TYPE FUEL 

TYPE 
ANNUAL 
USAGE 
(LTRS) 

FUEL 
COST/ANNUM 

(=N=) 
Provision store for one-stop shopping  Petrol  1460 219,000 
Commercial Foodstuffs vendor  Petrol  2190 328,500 
Hair Dressing Shop Petrol  1825 273,750 
Tailoring Shop (Making and mending 
cloths)  

Petrol  1825 273,750 

Iron fabrication and Welding  Diesel 20 7300 
1844.491 

TOTAL Consumptions and 
Footprints 

 
71 25,950 

8089.74685 
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Provision Store and One-stop 
shopping  

Petrol  1460 219,000 

Commercial Mobile Phones Charging 
Shop 

Petrol 2920 438,000 

Sports viewing Centre and Sale of 
cool drinks   

Petrol 1095 164,250 

Sale drinks, Provisional items and 
Fast Food 

Petrol  1825 273,750 

Provision Store for One-stop 
shopping  

Petrol  3650 547,500 

Commercial Food vendor   Petrol 730 109,500 
Medicine Store (Chemist) Petrol  1095 164,250 
Provision Store one-stop shopping  Petrol 2190 273,750 
Fast food and Food items   Petrol 1095 164,250 
Patent Medicine Store  Petrol  1095 164,250 
Medical Diagnostic Laboratory  Petrol 1460 219,000 
Iron fabrication and Welding  Diesel 7300 2,190,000 

Totals 
 

25,950 6,022,500 
 

The financial and environmental cost (carbon footprint) of SMEs in Wula indicate the scale of the 

problem suggesting investigating solutions which are feasible for a sustainable community. Nonetheless, 

the next phase of this study will explore sustainable interventions to reduce estimated CO2 emissions and 

further explore sustainable strategies for improving return on investment for SMEs. This is with the view 

to contributing towards the achievements of relevant SDGs such as SDG 3: Good Health and Well-being, 

SDG 7: Affordable and Clean Energy, SDG 11: Sustainable Cities and Communities and SDG 13: 

Climate Action. Continual energy audit and investment decisions driven by the need to obtain constant 

energy supply, expand business and economic well-being and protect the environment is critical. This is 

consistent with the opinion that understanding energy demand, cost and carbon emission scenarios is a 

strategic tool for investment in sustainable efficient measures for small and medium-sized enterprises 

(Özbuğday et al., 2020; Wu et al., 2019; Kalantzis and Revoltella, 2019). Potentially, this study could 

further open new markets and business opportunities for the poor in the rural area, hence lifting families 

out of poverty and transform lives as a contribution towards wider achievement of SDGs. 

 

5.0 Discussion and Conclusion   
The study has offered evaluation of the potential of sustainable and renewable energy in SMEs in the 

Wula community in Nigeria by measuring their carbon footprint and gaining empirical insights from 
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SMEs owners/managers in the local area. This research is first of its kind in attempting to help SMEs in 

Wula to transition towards a model for low carbon sustainable energy and address social, economic and 

environmental challenges. The study has adopted co-creation and bottom-up approach to include SMEs 

owners and managers to understand the problems and have their perspective on the demand side of 

sustainable energy which has been underdeveloped in the context of SMEs energy strategy (Hampton 

and Fawcett, 2017). The study found that SMEs in the Global South have significant potential to 

accelerate towards energy transition in communities. By adopting sustainable energy technologies, SMEs 

cannot only minimise their carbon footprint (Segarra-Blasco and Jove-Llopis, 2019a), but also reduce 

cost of fossil fuel energy consumption. However, the main issue is the country’s inability to make use of 

these sustainable resources (Emodi and Boo, 2015).  

The study found that 100% of the energy consumption in SMEs in Wula is from fossil fuels which has 

severe environmental and social impacts. This may suggest that the energy supply in SMEs may not be 

able to meet the demand as there could be interruption due to lack of fuel supply and financial reasons, 

as stated by Aliyu et al. (2015). There appears to be demand for more sustainable or renewable energy 

and this comes against a backdrop of area being deprived and no grid availability by the national 

government (Aliyu et al., 2015). Large scale renewable energy is an option however, there has been no 

local or national policy mechanism to support the interventions. Therefore, the paper recommends for 

policymakers that Nigeria needs to design an energy policy for the SMEs that pursues both energy 

efficiency and renewable/sustainable energy. It needs to be noted that the country is blessed with 

abundant renewable energy resources that have not been fully exploited yet (Aliyu et al., 2015), offering 

an opportunity for environmental sustainability, carbon management and economic growth.  

The project suggests that the potential of sustainable energy in SMEs can help accelerate the energy 

transition in communities in the Global South whilst meeting the SDGs. This evaluation can inform the 

development of national and local policies for energy transition to meet climate change mitigation targets 

and contribute towards the SDGs, mainly SDG 7: Affordable and Clear Energy, SDGs 11: Sustainable 

Cities and Communities and SDG 13: Climate Action. Sustainable energy interventions do not only help 

address environmental challenges such as carbon emissions and pollution but can help save financial cost 

for economic sustainability and social prosperity including health in developing countries (Ahuja and 

Tatsutani, 2009). This means that the SDGs are interconnected and intersect. In contrast, there might be 

some trade-offs which need to be made in decisions by practitioners and policymakers. It is recommended 

that responsible government agencies could tap into sustainable energy potentials to better support SMEs 

and community livelihoods by reducing their emissions and carbon footprint in alignment with the UN 

SDGs. This study is expected to help both policymakers and practitioners in terms of SMEs who are 

serious toward sustainable energy and carbon management implementation and are looking for 

appropriate insights into the state of the problem.  

It is paramount to highlight limitations of the paper. The analysis allows to measure carbon footprint of 

SMEs and identify scale of the problem in the local area in Nigeria as well as direction for transitioning 

to sustainable energy adoption. However, it does not provide pathway of which renewable energy 

technologies would be feasible in this particular context and only the need/application of such actions is 

discussed. Future research can conduct feasibility study of a selection of sustainable energy technology 

options. In alignment with the strategic energy objective, this study proposes a further modelling of an 

integrated modular hydro-electric power (MHEP) systems for Wula community with an attempt to 
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suggest community collaboration n co-creating local energy management policies. This is because it has 

been contended that active engagement with relevant stakeholders at the community, local, state and 

national levels are essential for establishment of new systems in the global south (Ferdig, 2007; van der 

Jagt, Alexander et al., 2019). It needs to be noted that this project is a work in progress and future work 

package also aims to carry out need assessment of SMEs and local communities based on Multi Criteria 

Decision-Making analysis. This will help understand how sustainable energy is prioritised which may 

inform some local and political action regionally and nationally. The project aims to co-create sustainable 

energy solutions with local SMEs and communities not only to minimise carbon footprint of SMEs (and 

reduce environmental impact of the community) but also help contribute to economic prosperity of local 

residence and transform their lives. 
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Abstract 
In most developing countries, the electricity sector policies are chiefly hatched to achieve universal 

access to electricity. Unfortunately, several implemented projects are characterised with unreliable 

supply, high cost of energy and multiple vulnerabilities to natural and human threats. Resilience has been 

mooted as a concept that correspondingly addresses these challenges while fostering sustainable 

development reforms. Accordingly, several frameworks have been developed but they are atomistic in 

their classifications of indicators and fail to demonstrate how local actions promote globally defined 

sustainable development targets. In this study, the terms used in resilience discourses are chronologically 

explored drawing from them valued capabilities and the critical considerations taken in constructing 

frameworks. A synthesized framework has been proposed to primarily facilitate the identification and 

classification of indicators and their attendant metrics. We argue for a case of deploying the framework 

in a developing country setting, such as Uganda, to facilitate sustainable development.  

 

Keywords: Resilience indicators, Electricity system resilience, Energy resilience 

1.0 Introduction 

1.1 Background 

About 840 million people around the world have no access to electricity of which 68% are in Sub-Saharan 

Africa where electrification rate stands at 43% compared to the global average of 89%  (IEA et al., 2019). 

The dismal electricity access and utilization is most evident in developing countries, such as Uganda, 

where household electrification is at a 22.4% and a low per capita consumption of 100 kWh annually 

(MEMD, 2018). The need to expedite electricity access has been the main driver of several strategies but 

unfortunately, the electrification rate still remains low (MEMD, 2018). Moreover,  electricity 

consumption has not substantively transcended beyond basic usage from lighting and small appliances, 

say to, cooking and productive use (UOMA, 2019).  

 

In addition, in conventional electricity systems very little attention is drawn to high-impact threats. 

Consequently, over the last four years, Uganda has experienced a number of nationwide power system 

outages attributed to internal technical faults and failures (URN, 2016; UETCL, 2017, 2018), lightning 
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(URN, 2017), vandalism (ERA, 2018), faults on regional interconnections (Tusingwire, 2018; 

Biryabarema and Obulutsa, 2020), and a floating Island (Kazibwe, 2020). 

The electricity system being by nature an enabler for economic productivity and wellbeing, it is vital that 

it maintains an acceptable level of service regardless of the incessantly changing conditions or threats.  

To this effect, the resilience paradigm offers the latitude for theorizing and operationalizing strategies 

and actions that focusses on broader objectives beyond just increasing electricity access and reliability.   

Unfortunately, the existing resilience frameworks, have been found to be atomistic with disjointed 

constituent elements and no clear discernable interconnections. For example, in Roege et al.,  (2014), 

they linked a metric signifying a given resilience capacity (necessary responses) to domains (states of 

indicators) but not to any particular goal neither the institutional scale at which the metric is applicable. 

Other frameworks are narrow in the extent to which they classify system indicators. They selectively 

categorize indicators into assets (ARUP and TRF, 2016), performance (Roostaie, Nawari and Kibert, 

2019), risks (Preston et al., 2016) and consequences (Watson et al., 2014), rather than juxtaposing all 

four elements for better examination of causalities. In addition, most of these frameworks evaluate 

resilience on a single level of organization and are unable to compare resilience in other institutional, 

spatial or temporal contexts.  

Guided by the need to fast-track sustainable development, this study proposes a synthesized framework 

for measuring, monitoring and enhancing resilience in electricity systems. The paper presents the 

methods employed, principal concerns that guide the development of frameworks, proposed new 

framework and argues for its deployment.  

1.2 Method 

The terms used in resilience discourses reveal the most valued functions of resilience and informs the 

structure of the frameworks (Manyena, Machingura and O’Keefe, 2019). In this regard, the paper 

presents the terms used in resilience definitions, its drivers, and the critical elements that constitute some 

of the most widely used frameworks. It interrogates the structure and weaknesses of some existing 

frameworks, and finally proposes a synthesized framework that can be deployed in developing countries 

to promote sustainable development. 

2.0 Formulating Resilience Frameworks 

2.1 The Meaning of Resilience  

To develop a framework, it is important to ascertain the meaning of resilience and the terms used in 

resilience discourses. To this effect, Manyena et al., (2019) chronicled the definitions of resilience (see 

Figure 2) and observed that in the 1970s resilience was percieved as persistence and absorption of 

perturbations. In comparison, in the 1980s, the concept was theorised as the ability to cope, learn, bounce 

back, and ‘return to equilibrium’ ensuring that systems emerge from shocks and stresses unchanged. In 

1990s, other capabilities such as prevention, anticipation, reorganisation and adaptation were introduced 

within the concept’s description culminating into transition, flexibility, ‘bouncing-forward’ and 

transformability in the 2000s. Currently, resilience outside its classical meaning, is considered a 

neoliberal instrument for de-politicising disasters, producing governable citizens and acting as a breeding 

ground for more progress politics (Damgaard, 2018).  
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The definitions of resilience can be classified in two broad categories; structural (what is it?) and 

operational (what does it do?). The structural definitions describes the concept as  “amount” (Holling 

and Walker, 2003),  “measure” (Holling, 1973), “magnitude” (Walker et al., 2002), and “resistance” 

(Folke et al., 2004). On  the other hand,  the functional definitions dominate literature (Adger, 2000; 

Folke, 2016) in which resilience is referred to as an “ability” or  “capacity”. In both categories, resilience 

is objectively described as measure of a disturbance (Folke et al., 2004) or subjectively as a measure of 

response (Carpenter et al., 2001). 

 
Figure 2: Chronological Demonstration of New Terms Incorporated in Resilience Definitions 

(source of information: Manyena et al., (2019), Xu et al., (2015), Roostaie et al., (2019), Damgaard 

(2018) and Brand and Jax (2007)) 

This study adopts a definition adapted from Walker et al., (2002) in which resilience is regarded as the 

amount of change a system can undergo whilst retaining the same control on function and structure, and 

the degree to which it is able to self-organize, adapt, and transform.  
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2.2 Key Resilience Drivers 

The framework features are, in part, guided by the nature of the anticipated change or disruption.  In this 

study, a text query was conducted on cited literature and the most prominent drivers for resilience were 

identified as climate change, disruptions and sustainable development (See Figure 3). Most threats in 

literature are masked as “disruptions” or “incidents” but generally, all drivers can be broadly categorized 

within natural causes, infrastructure fragilities and human threats. An assessment of these drivers reveals 

that resilience is regarded as an organizing concept that addresses vulnerabilities within existing systems 

whilst advancing sustainable development. 

 
Figure 3: Most Common Resilience Drivers in Energy Systems 

2.3 Essential Considerations for Frameworks 

2.3.1 Multi-stakeholder Engagement  
Infrastructure networks tend to have overlapped and interconnected systems with diverse sets of 

stakeholders at multiple levels of organization. It is critical that frameworks identify and addresses areas 

of duplications, overlaps and responsibilities amongst various actors. This is intended to bridge gaps in 

policies and subsequently streamline  the administration, coordination, funding, information sharing and 

accountability during the operationalization of the resilience reforms (ARUP et al., 2019). 

Consider the electricity industry, which is affected, interconnected or interdependent on 

telecommunications, transport, water, oil and gas infrastructure. It necessitates a framework to consider 

all contingent factors common across the various sectors. For example, the electrical system relies on the 

telecoms for information and interoperability, but the latter depends on the electrical system for energy 

supply. A vulnerability in one sector, is implicitly a risk in another.  

Therefore, frameworks find their relevance in the formulation of better planning strategies of financing, 

investment, designing sustainable infrastructure, modification of operations in respect with both existing 

and unknown threats, and the demands for responding to climate change mitigation and adaptation     

(Watson et al., 2014). They are developed to primarily diagnose vulnerabilities within key entities, 
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evaluate capabilities for the necessary response, and measure and enhance resilience across institutional, 

spatial and temporal scales (ARUP et al., 2019). 

During high-level planning, stakeholders define broad goals which capture valued development postures 

pertaining to economic growth, social welfare, environmental conservation and institutional 

arrangements (Buikstra et al., 2010). It is from these dimensions that much more compact goals and 

indicators are derived. This pyramidical nature is demonstrated by TRF et al.,  (2019) whose framework 

is predicated on  53 indicators from 12 goals derived from 4 dimensions.  

 

2.3.2 Diversification of Indicators 
A more effective approach to measuring and monitoring resilience, should be based on “ecological” 

rather than “engineering” indicators (Holling, 1996). For “engineering” indicators are primarily 

concerned with maintaining pre-event system functionality whereas the “ecological” ones emphasize 

system’s survivability, adaptability and interconnectedness (Roege et al., 2014). The more diverse the 

indicators of the system, the more likely it is to build an effective framework. The caveat , though, is to 

make tradeoffs with system’s output efficiency if sustainability is to be maximized (Lietaer et al., 2010).   

Figure 5 shows factors identified in literature (Béné, 2013; Roege et al., 2014; Watson et al., 2014; ARUP 

and TRF, 2016) use to determine resilience indicators. Indicators should be able to monitor both objective 

changes (e.g. demand not supplied) and subjective perceptions (e.g. residential outage cost) (Béné, 2013). 

They should be scalable institutionally, in time and geographical boundaries as well as reflect cross-

cutting issues from critical interdependent systems given the contagion effect of most disruptions. Also, 

they should be generic to the extent of facilitating comparability within the same entity or with others 

(Béné, 2013). 

An effective assessment of resilience and the subsequent strategies of enhancing it, would require a 

thorough analysis of all systems at subcomponent levels. For an electrical system, these subcomponents  

Figure 4: Factors of Indicators 
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are the generation, transmission, distribution and consumer end-use. Relatedly, similar to states of matter, 

system attributes can be also defined by their domains. A domain describes the “whatness” of a particular 

attribute specifying its substantive essence. Three essences have been identified, namely; the 

infrastructure (or physical), information and human domains (Linkov, Eisenberg, Bates, et al., 2013).  

Multi-scale frameworks are reckoned to have the advantage of presenting indicators relevant for each 

level thereby aiding analysis of scale-specific complexities (Damgaard, 2018). Béné’s (2013) framework 

was developed to measure and monitor resilience an individual, household, community and the 

(eco)system level. In contrast, a single scale framework is bound to mask, mix or miss altogether the 

unique indicators that delineates one organizational level’s resilience from another.  

Furthermore, qualitative indicators are intended to assess the adequacy of the instituted mechanisms and 

processes in achieving resilience goals whereas the quantitative metrics are used as proxies for past and 

current performance (ARUP and TRF, 2016). For example, the existence of redundant generators in a 

plant alludes to a level of readiness in absorbing sudden peak demand whereas their actual operations 

can be quantitatively evaluated in terms of capacity offered and energy supplied. 

 

2.3.3 Measuring Resilience 
A number of frameworks (Roege et al., 2014; ARUP and TRF, 2016; Preston et al., 2016) are of 2-

dimensional matrix type built by evaluating entities’ characteristics (attributes/assets, performance, risk 

and consequences) identified at the cross sections of resilience qualities or capacities and defined  goals. 

In this case, an indicator within the matrix references the vulnerability, exposure, severity or capacity for 

response.  The notion behind each indicator is whether the system’s freedoms are enabled to select the 

best envisaged response when operating under a disruptive or changing environment. In other words, a 

given cell within the matrix ought to respond to the inquiry of how any changes in measures implemented 

within a certain component affects the resilience objectives (Roege et al., 2014). 

Qualities are thought to be the most fundamental features for any resilient system, and they are essential 

in underpinning and enabling resilience capacities. These are identified as inclusiveness, integration, 

reflectiveness, resourcefulness, robustness, redundancy, and flexibility among others (ARUP et al., 

2019). On the other hand, capacities are designated as “stages of change” (Roege et al., 2014, p. 252) 

depicting the progressive nature of interventions needed to counter change moving from the simple and 

routine to the complex and dramatic. Several researchers (Linkov, Eisenberg, Plourde, et al., 2013; 

Manyena et al., 2019), have opted for prevention and anticipation, absorption, adaptation, recovery and 

transformation as the core capacities for resilience (see Figure 5). 
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Figure 5: Indicative Scenarios of the Resilience Process through a Disruption 

Adapted from (Lin and Bie, 2016) 

The resilience process is shown Figure 5; A-B represents the normal operation of a system before a 

disruption; Point B Signifies a point where a disruption starts to impinge on the operation of a system; 

B-S1 Represents a system which is overwhelmed by the disruption to a complete halt; B-C-D-S2 shows 

a system which is sustained through a disruption but does not possess qualities to put it back on a 

restorative trajectory;  B-C-D’-E’-S4  is indicative of the system which marginally copes, embarks on 

restoration but never achieves its pre-event status; B-C-D-E-S4 indicates a system which is restored to 

pre-event status but it still characterized by the same pre-event vulnerabilities; B-C-D-E-F-S5 the system 

ultimately transforms within the process leading to enhanced functionality and resilience. 

The indicators are rated against metrics which can be inductives or exogeneous, quantitave or  qualitative, 

and raw or normalised values or in form of probability distributions. At the basic level, metrics are used 

to characterise threats by quantifying the probability of their occurrence, extent of damage, uncertainities 

in computation, geographic context, persistence, latency, reversibility and social impacts (Preston et al., 

2016). They assess the level of disruption on development goals, evaluate recovery time and are used to 

simulate system’s response to a single or a combination of threats (PPD, 2013). They facilitate evaluation 

of baseline resilience, comparision of competing investment interests and  monitoring of resilience 

trajectories in respect to defined goals (Watson et al., 2014). Ultimately, they underpin subsequent course 

of interventions in modifying operations, planning future investments, developing new policies and 

improving resilience (Lin and Bie, 2016). 
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2.3.4 Deployment of Frameworks 

Resilience reforms are executed within a resilience analysis process (RAP) (Watson et al., 2014). During 

RAP (see Figure 6), a resilient champion is identified and together with key stakeholders, they develop 

a common understanding of the resilience definition, goals, scope, interactions within system’s 

components and underlying contextual basis of the resilience agenda. It is necessary that the stakeholders 

agree on a conceptual model to be used to choose indicators, how they will be used within the framework 

and the metrics for evaluating them. The consequences of threats, often regarding the economy and social 

welfare, should be identified and the units for quantifying them should be determined.  

Source: (Walker et al., 2002; Watson et al., 2014; ARUP et al., 2019) 

The level of disruption should be explicitly determined since it is a key input into the transformational 

models which are critical in translating indicators into consequences on the wider consideration of 

economic performance and social wellbeing (Watson et al., 2014). Consequently, a baseline assessment 

of resilience can be undertaken from which hardening measures, procedural and policy changes can be 

proposed to respond to observed vulnerabilities (Lin and Bie, 2016).  

The process should be regularly reevaluated in order to incorporate new indicators, validate and improve 

the framework methodology, and ensure that resilience assessment fairly represents the emergence of 

new technologies, collected data and changing context.  

  

Figure 6: Resilience Analysis Process as an Instrument for Resilience Management 
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3.0 A New Synthesized Proposed Framework  

3.1 Framework Structure 

One of the major observed limitations amongst recently developed frameworks (see a sample in Table 

3) is that the indicators are enclosed within narrow and vague classifications which fail to cohere with 

the normative delineation principles of resilience indicators as represented in section 0 above. For 

example, in Roege et al., (2014, p. 253) one of the indicators necessary for recovery is “fuel flexibility” 

which is identified within the “Physical” domain. Within the framework, it is not possible to associate 

it with its relevant component, responsible institutional scale neither how it links with any goal or quality. 

This generic and constrictive bundling approach leads to slowed and ineffective deduction and 

characterization of threats. Therefore, it does necessitate a new framework that captures all significant 

elements of resilience indicators, and their evaluation in respect with the most valued qualities, capacities 

and goals.  

 

Figure 7: A Framework for Classifying Resilience Indicators in Electricity Systems 

The framework (Figure 7) was developed with features identified from several researchers (Béné, 2013; 

Roege et al., 2014; Watson et al., 2014; ARUP and TRF, 2016; Lin and Bie, 2016; Manyena et al., 2019). 

The framework works within the RAP structure in which the project champion with key stakeholders’ 

rallies behind common goals which represent their envisaged resilient state. The most preferred goals are 

those that prioritizes a future with secured and affordable supply whilst fostering ecosystem sustainability 

(Watson et al., 2014).  
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Table 3: A Comparison of Frameworks 

 

 

Framework   Context 
Types of 

Indicators 
Dimensions Scales Components Domains Qualities Capacities 

Evaluation 

Approach 

Framework 

Limitation 

Béné, 2013 
Food 

security 

Assets and 

consequences  

Vulnerability 

reduction, 

promoting human 

development 

Individual, 

household, 

community, 

(eco)system 

and national 

Not available
13

 Not available Not available 

Absorptive, 

adaptive, 

transformative 

‘Cost’ of 

resilience 

The employed 

resilience index does 

not normalize the 

variance of the “worth’ 

of an entity and its 

prevailing risk when 

comparing resilience of 

several entities. 

Roege et al., 

2014 
Energy 

Assets and 

performance   

Economic 

growth, social 

order, national 

security 

Not available Not available 

Physical, 

information 

and human 

Redundancy, 

flexibility, 

learning, and 

adaptation 

Planning/ 

preparative, 

absorptive, 

recovery and 

adaptive 

Multi-attribute 

utility 

approach 

The system, its 

attributes and meta-

systems are 

characterised 

exclusively by domains.  

Watson et al., 

2014 
Energy  

Risks and 

consequences 

National safety, 

prosperity and 

wellbeing 

System and 

national 

Electricity, oil 

and gas 

Human and 

computational 

analysis 

Robustness, 

reliability, 

affordability, 

redundancy, 

resourcefulness, 

reorganisation, 

flexibility, 

inclusiveness 

Preparative, 

withstand, 

adaptive, and 

recovery 

Probability 

density 

functions of 

consequences 

The translation of 

threats to consequences 

in the human and 

information domains is 

not articulated  

Preston et al., 

2016 
Electricity  Risk  

Human well-

being, economic 

growth, national 

security   

National 

Generation, 

transmission, 

substations, 

distribution and 

storage 

Not available 

Energy delivery, 

efficiency, 

reliability, 

hardness, 

robustness, and 

sustainability 

Robustness, 

resourcefulness, 

recovery, 

adaptability 

Multi-hazard 

perspective 

Adaptation is the end 

goal. This poses a risk 

of reinforcing the same 

vulnerabilities or 

entrenching existing 

hegemonic systems and 

processes.  There is no 

linkage between needed 

response and capacities        

Lin and Bie, 

2016 

Integrated 

energy 

systems 

Assets, 

performance 

and risk  

Improved 

efficiency, 

reduced pollution 

Not available 

Electricity, 

Natural gas, 

heat & cooling 

Not available 

Hardware 

hardening, 

reliability 

Anticipative, 

preparative 

resistive, 

absorptive, 

Combined 

qualitative and 

quantitative 

evaluation 

No link between the 

resilience goals, 

indicators and 

capacities   

                                                 
13 “Not available” signifies that the study did not consider that category 
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Framework   Context 
Types of 

Indicators 
Dimensions Scales Components Domains Qualities Capacities 

Evaluation 

Approach 

Framework 

Limitation 

and energy 

security 

responsive, 

adaptive and  

recovery 

Manyena, 

Machingura 

and O’Keefe, 

2019 

Disaster 

resilience 
Risk 

Environment 

sustainability, 

economic 

growth, 

infrastructure 

development, 

social 

development, and 

disaster reduction 

Local, 

national and 

global 

Not available Not available 

Planning, 

organising, 

learning, 

networking, 

improvising, 

communication, 

innovative and 

resourcefulness 

Preventive, 

anticipative, 

absorptive, 

adaptive and 

transformative  

Combined 

qualitative and 

quantitative 

indexes 

The indicators are too 

generic to be used to 

comprehensively assess 

resilience for electricity 

systems.  

TRF et al., 

2019 

Urban 

water 

systems 

Assets and 

performance   

Health and well-

being, economy 

and society, 

infrastructure and 

environment, 

leadership and 

strategy 

City  Infrastructure Not available 

Integration, 

inclusiveness, 

reflectiveness, 

robustness, 

resourcefulness, 

redundancy, 

flexibility and 

sustainability 

Preventive, 

anticipative, 

absorptive, 

adaptive and 

transformative 

Multi-

stakeholder 

assessment 

and expert 

opinion 

The model assumes that 

all indicators and goals, 

contribute to resilience 

equally. Goals are not 

linked to desired 

capacities. 
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The goals should call to attention reduction of vulnerabilities, provision of energy to 

critical services and sustained productivity regardless of the intensity or duration of a 

disruption. Such goals cannot be extricated from constructive human behavior within 

governance structures which is a product of effective leadership, management and 

integration, and empowerment of stakeholders. 

From goals, indicators naturally flow, and these can be organized within the various 

components, dimensions, scales and domains. The scales chosen in this case, are 

institutional, but it is similarly possible to classify the indicators in terms of temporal 

and spatial scales. By this format, one can describe the goal that a particular attribute 

fosters, wherein within the system, the associated response and the party responsible 

for effecting the needed changes. 

Metrics can then be presented as measured discrete values or profiles. The profiles are 

derived from serialized metrics scores of asset quantities, performance, risks and 

consequences. Meaningful associations and causalities, say between an asset and a 

consequence, can then be traced.  

In addition, completeness profiles represent the uncertainties in the modelling process 

and the extent of the reliability of data (ARUP and TRF, 2016). The analytic hierarchy 

process ensures that the subjectivity employed in the evaluation process is consistently 

applied across the framework   

3.1.1 Implementation of the Framework in a Developing Country 
Setting 
Developing countries like Uganda, are faced with a double-edged problem; on one hand 

to meet the longstanding existing challenges (i.e., supply of electricity to the 78% of 

unelectrified population (MEMD, 2018)) and on another for such interventions to 

adhere to international development agendas (IDAs) such as the SDG agenda. The 

prioritization of the IDA goals can potentially spread thin the resource envelope and in 

many cases, there are dismal gains in the short term. Unless the goals are aligned, most 

IDAs targets are flouted. Therefore, it requires a framework used in planning 

development to harmonize IDAs objectives and local commitments. Secondly, such 

frameworks would need to harmonize the seemingly incongruous concepts such as 

resilience and sustainability.  

There are varying views within the research community regarding the relationship 

between sustainability and resilience. Holling and Walker (2003) considers them as 

synonyms, Roege et al., (2014) as competing concepts, Carpenter et al., (2001) regards 

resilience as a component of sustainability whereas Lew et al., (2015) views them as 

separate but complementary concepts. But Xu et al., (2015) noted that a desirable 

sustainable resilient system is able to maintain stocks of natural capital above existing 

threshold levels for socio-economic wellbeing without losing structure or control 

amidst disruptions. It has also been shown that at maximum sustainability resilience is 

two times more important than efficiency (Lietaer et al., 2010). This reinforces the 

inextricable relationship of the two concepts as well as their aligned focus on 

survivability and persistence of the system.  

The proposed framework permits its users to define goals for their envisaged future-

proofed postures, granting more weight to certain indicators representative of the 
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underlying idiosyncrasies and assessing how local actions feeds into sustainable 

development goals. It has been demonstrated by Nerini et al., (2017) that 85% of the 

SDG targets are affected in some form by the energy goal (SDG 7). Accordingly, 

sustainability metrics can be developed to assess the adherence of local actions within 

the electricity sector to SDG targets.  

 

4.0 Conclusion 
The proposed framework derives its uniqueness from a systematic characterization of 

resilience indicators and metrics and therefore it enables critical interrogation of 

causations. It is possible to link any attribute to a goal, the responses it fosters, and in 

between, cluster it into subdivisions that demonstrate what is it, where is it located and 

who is responsible for it. The set-out taxonomy of indicators and metrics is meant to 

support holistic planning, improved operations, evidence-based policymaking and 

enhancement of resilience within the electricity industry. 

The framework is borne out of a synthesis process where several frameworks in 

literature have been analyzed. It is tailored to be used in context where entities might 

be conflicted about supporting local commitments or rather be guided by the often-

prescriptive international development agendas. Its users should be able to define their 

resilience goals, monitor and track them in respect to local interventions and ultimately 

juxtapose them against the international trajectory.  

That said, the framework in its current format is not populated. It spells out the 

categorizations of indicators and metrics but not their constituent elements and neither 

their interrelations. Such detail that take into considerations of the different 

relationships, will be a subject for the next stage in the research. Also, it could 

necessitate to include or eliminate certain features. Nonetheless, the framework suffices 

to guide the conceptualize of the most critical elements of resilience within the 

electricity industry. 
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Abstract  
Accessing affordable, reliable, sustainable, and modern energy for all and making cities 

and human settlements inclusive, safe, resilient, and sustainable are the seventh and the 

eleventh targets of the sustainable development goals (SDGs) for 2030. The consistent 

supply of electricity is a fundamental requirement to ensure overall developmental 

growth within local communities by using appropriate, accessible, and affordable 

technologies. Some countries have accessible electricity most of the time but struggle 

with interruptions due to shortages in the generation and typically apply load shedding 

schemes as a solution. This research presents a novel method of using artificial 

intelligence techniques with smart grids equipment to offer more controlled load 

management and load shedding scheme to minimise interruptions on communities. 

Keywords: Sustainable Development Goals, Demand-side-Management, 
Demand-Side-Response, Reliable Supply. 

Introduction 
Demand Side Management (DSM) was proposed in the early 1980s by EPRI (Electric 

Power Research Institute) and the defined as “the planning, implementation, and 

monitoring of those utility activities designed to influence customer use of electricity 

in ways that will produce desired changes in the utility’s load shape, i.e., changes in the 

pattern and magnitude of a utility’s load.” (Arteconi, Hewitt and Polonara, 2012). 

Figure 8 shows a categorisation of DSM approaches. These can be categorised to two 

groups (1) energy efficiency (EE) and (2) demand response (DR). EE aims to decrease 

energy consumption while achieving the same tasks, and DR aims to modify load 

profile via applying different methods such as load shedding and load shifting, 

motivated by market changes (Charles River Associates, 2005).  
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Figure 8 DSM Approaches Classification 

Demand Side Response (DSR) defined as: “Changes in electric usage by end-use 

customers from their normal consumption patterns in response to changes in the price 

of electricity over time, or to incentive payments designed to induce lower electricity 

use at times of high wholesale market prices or when system reliability is jeopardised.” 

(Balijepalli et al., 2011). DSR can decrease the overall investment and plant capital cost 

via grid improvements (Siano, 2014). Smart Grids (SGs) can be defined as the 

additional hardware and software tools added to the power system to accomplish a more 

self-sufficient sensitivity to incidents that affect the electrical grid, and optimal day to 

day operating efficiency of distributed energy (Mortaji et al., 2017). SG independent 

system operator (ISO) or regional transmission organisation (RTO) make use of DR 

schemes to govern supply and demand. Smart DR methods include direct load control 

(DLC) programs which give the capability to power companies to monitor and control 

electrical appliances during peak periods using smart plugs and smart appliances that 

operate under internet data platforms. The concept and objectives of the proposed 

intelligent connections in the Smart DR are related to the Internet of Things (IoT) 

theory. IoT is defined as making the use of web platforms to link, monitor, and control 

the objects of daily life (ZORZI et al., 2010). The combination of SG and IoT is referred 

to as the Internet of Energy (IoE) (Bui et al., 2012). Artificial Intelligence (AI) cloud 

controllers can be used under IoT configurations. AI is the study of enhancing 

computers and machines to do things in the same sense that humans make something 

done (Simmons and Chappell, 1988). Previous researches provided a strong 

hypothetical approach for smart grids, machine-to-machine (M2M), and human-to-

machine (H2M) collaborations in the residential areas (Niyato, Xiao and Wang, 2011). 

 

The majority of DSR schemes assume that the load profile has the flexibility to be 

shifted somewhere else over time. However, in some developing countries, the problem 

is not about load shaping but capping the load appropriately to meet the available 

generation capability regardless of the time. As such, the key mechanism for DSM is 

not load shifting or load management, but load shedding. Most of the published 

literature in the area of load shedding focuses on a scheme illustrated in Figure 9-a. 

Demand Side Management 

Energy Efficiency Demand Response 

Dispatchable DR 

* Direct Control 
* Interruptible load 

* ….. etc 

Non-dispatchable DR 

* Real Time of use 
* Real Time Pricing 

* …. etc 
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where the substation is monitored and if the voltage/frequency drops below the relay 

setting the load downstream is switched off. The hypothesis described and simulated in 

this article aims to use Artificial Intelligence (AI) to reduce the influence of load 

shedding to neighbourhoods of clients. So, as a substitute for substation disconnection; 

load within communities is decreased based on current sets of conditions as shown in 

Figure 9-b. Furthermore, the load shedding procedure suggested in this paper is 

undertaken by looking at the real-time load measurements on the substation instead of 

stability perspective (frequency/voltage) measurements. 

  
Figure 9 -a. Example of Load Shedding Schematic                          -b. 
Proposed Load Shedding Schematic 

Background 
There have been several research papers studying DSM and AI implementation in the 

SGs approach published. DSM for large clients number was examined via studying the 

effect of demand flexibilities, time of use (TOU) prices, and Emergency Demand 

Response Program (EDRP) (Aalami, Yousefi, and Parsa Moghadam, 2008). Load 

shifting and the optimal scheduling scheme for typical home appliances were also 

examined (Setlhaolo, Xia, and Zhang, 2014). Energy management approaches in a 

smart home with the respect to demand response (DR) investigated(Zhang et al., 2016). 

These researches studied DSM from scales of individuals to large scale aggregators. 

Additionally, centralised management approaches were applied to achieve the control 

signals with fixed electricity tariffs. Focusing on the load shedding strategies, a method 

claiming to offer a minimum volume at a good location (Moors, Lefebvre, and Van 

Cutsem, 2000). The suggested method applies a multi-stage and non-linear technique 

to achieve the lowest load shed at each step (Irving, Luan, and Daniel, 2002). The 

decentralised control methods utilise the deployed control components in the 

neighbourhood area. They can make determinations with a limited quantity of data 

accessible and limited coordination. Smart devices are fitted out with essential 

optimisation and logics procedures. Such a design based on multi-agent systems 

(MAS), is utilised in voltage control approaches and claims to deliver delivers a 
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regional division of the distribution system depending on the electrical distance concept 

(Dolan et al., 2013) and (Zabaiou, Dessaint, and Kamwa, 2014). A fully distributed 

MAS based on the reinforcement learning method is applied for online optimum 

reactive power dispatch. This technique does not need the correct system model. 

Recently, the decentralised control systems have attracted small-scale applications and 

have been implemented in several sites. For instance, the tests of the MAS application 

for the decentralised DGs resources installed in Kythnos island was claimed to be 

effective, but with a disadvantage of expensive infrastructure for a small group of DGs 

resource owners (Fei He et al., 2010). Hybrid methods provide the advantages of both 

centralised and decentralised methodologies at larger investment costs (Larik et al., 

2018; He et al., 2019). To avoid the costs of complex control and to guarantee that load 

shedding is undertaken in the most convenient way possible where there are no 

opportunities for shifting of load, this work is an extension work of AI concept for load 

shedding in Libya  (Alarbi, Strickland and Blanchard, 2019). The research looks at an 

AI approach with decentralised control at substation level to implement load shedding. 

This work is novel because it does not look to load shed the smallest amount of load, 

but the most convenient amount of load. 

Methodology 
This research looks to determine how best to load shed in a community using AI 

techniques to minimise the disruption to the householders. To understand the load 

demand, this research uses the CREST demand model to generate loads for several 

houses and the appliances inside them (McKenna and Thomson, 2016). The reason 

behind the use of the CREST model is the uncertainty of appliances operation and the 

capability to simulate different occupancy profiles as well as week and weekend days. 

These loads will be applied to train and test the load shedding approach accuracy. The 

methods suggested in this paper give rise to the most straightforward prediction 

technique due to the high level of information available from the residential areas. 

Therefore, less data is required to train the AI function compared to the other methods. 

In this research, communication tools are a necessary element of the process as data 

will be transmitted online to the local control unit rather than having a central control 

unit. The strategy in this paper can be applied in two different ways. The methodology 

is divided into two sections: the load shedding calculation, and the load shedding 

control. 

 

A) Load Shedding Value Prediction 

The load shedding calculation is separated into two computation approaches. The first 

step is fitting the community load curve as close to the substation load limit as possible 

by determining the load shedding value. Secondly, a classification approach can be 

used to predict the targeted house and targeted appliance. To solve the issue of 

calculating the load shed value at the substation with the lowest computing capacity, 

neural networks can be utilised to train a model that forecasts the load shed value. The 

inputs on this model will be the substation load, substation limit, and the calculated load 

shed. Using this input data, a function that can predict the load shed value can be 

obtained. Using AI instead of straightforward subtraction at this stage allows the 

research to be adapted more easily in the future to use dynamic asset rating to estimate 
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the rating of the substation and therefore using AI in this way produces a better path to 

DAR in the future. The inputs of this function will be the substation load and substation 

limit as illustrated in Figure 10. 

 
Figure 10 Load Shedding Training and Testing Approach 

For the training stage, three different training algorithms were tried. 

• “trainlm” is reportedly the quickest backpropagation algorithm in the 
MATLAB toolbox (Riadi, Wirawan, and -, 2017; Hartono, Marifa Ahmad, 
and Sadikin, 2018). This algorithm is proposed as a primary-preference 
supervised algorithm. However, it does involve more memory than other 
algorithms.  

• “trainbr” is a training process that updates the weight and bias values 
according to Levenberg Marquardt's optimization (Riadi, Wirawan, and 
-, 2017). It reduces a sequence of squared errors and weights and 
then verifies the correct pattern to deliver a generalised quality network.  

• “trainscg” is a training tool that updates the weight and bias values 
corresponding to the scaled conjugate gradient method (Riadi, Wirawan, 
and -, 2017; Hartono, Marifa Ahmad and Sadikin, 2018). 

10, 20, and 30 hidden layers were implemented on the training stage to obtain the best 

solution. The performance of the training algorithm using different hidden layers is 

illustrated in Table 4. 
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 Trainlm Trainbr Trainscg 
Hidden 
Layers 10 20 30 10 20 30 10 20 30 

Training 0.99993 1 1 1 1 1 0.9969 0.99954 0.98533 
Validation 0.99993 1 1 1 1 1 0.99855 0.99971 0.98231 
Testing 0.99998 1 0.92259 1 1 1 0.99679 0.99859 0.99049 
Target 0.99993 1 0.96611 - - - 0.99672 0.99944 0.98231 
Table 4 The values of R during the training, validation, testing stages using 
different hidden layers. 
 
 
B) Load Shedding Control  

Load shedding relies on information from three main data sources. Firstly, the 

substation load of a specific area. However, this data is not representing the detailed 

layers (houses consumption). The second type of data is real-time monitoring of the 

house's load which gives comprehensive and larger understanding to load inside 

houses. Finally, the appliances state on/off delivers a better understanding of the 

consumer behaviour that can be used for the Smart-DSM approach. Table 5 Illustrates 

the investigated methods in this paper. The following two sections will go through the 

training stages of houses selection and appliances selection functions.  

Method Reference 
Number 

Substation 
Load 

Houses 
Load 

Appliances 
State 

DR 
Strategy 

Time-
based 

Training 

1    Knowledge No 

2    Knowledge No 

Table 5 The Investigated Methods. 
Method 1 Methodology  
Method (1) The Substation, Houses and App State method will comprise of a controller 

which aims to develop smart load shedding technique based on the data sharing 

between the substation, houses, and appliances in the residential areas. The control 

framework of load shedding is shown in Figure 11. The highest appliances loading will 

be disconnected first. 
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Figure 11 The Top-Level Algorithm of Load Shedding Using Substation, House, and 
Appliances Data. 

1) Houses Selection  
For the residential level, it is necessary to understand different ways of selecting houses 

and appliances for load shedding that will be most convenient to the customer. This 

study focuses on choosing to reduce load at the house with the highest demand as a way 

of initially determining this choice: then deactivating the appliance with the highest 

load value in that house until the system reaches the required load shed value, by way 

of example. Other methods would be equally applicable, and it is envisaged that a 

weighting factor based on customer preference and reinforcement learning will 

eventually be used. The training data for house selection used in this method are the 

load shed value and the house power as (0,1) which is a logical method to identify the 

largest and smallest loaded house. When the load shed value is equal to zero the targeted 

house will be zero so no actions will be needed to load shed. Once the load shed value 

is greater than zero the system will pick up the largest house load by real-time reading 

from smart meters that is only applicable to method 1.  

http://www.dmu.ac.uk/


                 
 

 199 

Load shedding 
Value 

Houses data Target 

(
𝟎
⋮
𝟏
) (

𝟏 ⋯ 𝟎
⋮ ⋱ ⋮
𝟎 ⋯ 𝟏

) (
𝟎
⋮
𝟓
) 

Using the MATLAB classification toolbox, the previous matrixes was used for 
training a prediction function. The accuracy of this function was 100% and 
training time for this function is 0.81911 seconds, and the function can do 
590 observation every second. The next step will be choosing the appliances 
to shed. 

2) Appliances Selection 
In Method (1) Substation, Houses, and App State are known, in the training stage, the 

system uses a 33x33 identity matrix for training and the column matrix from 1 to 33. 

The 33x33 identity matrix is representing the logical relation between the largest and 

the smallest real-time power consumption for appliances in the selected house. This 

function will operate only if one of the houses was triggered for load shedding 

occasions.  

 Training data Target 

Method (1) (
𝟏 ⋯ 𝟎
⋮ ⋱ ⋮
𝟎 ⋯ 𝟏

) (
𝟏
⋮
𝟑𝟑
) 

The MATLAB classification application was used to develop an AI function that was 

trained over two stages. Firstly, finding the targeted house as presented in the house 

selection stage. Secondly, within the targeted house, the house appliances state in (1,0) 

will be inputted to determine the targeted appliances. The predicting function was 

created with 100% classification accuracy by fine KNN appliances selection and the 

spent time to train this function was 0.91439 seconds, and the function can do 

approximately around 3700 observations every second. 

Method 2 Methodology 
Method (2) Substation and App State method will involve a controlling process that 

seeks to develop smart load shedding techniques based on the data sharing between the 

substation and appliances in the residential areas without the use of house metered data. 

The control framework for load shedding is shown in Figure 12. The highest appliances 

will be disconnected first if the load shedding scheme is required. 
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Figure 12 The Top-Level Algorithm of Load Shedding Using Substation and Appliances Data 

1) Appliances Selection 
In method (1) Substation and appliances data, the system training step uses the 165×165 

identity matrix for training and the targeted appliances from 1 to 165 as the system 

designed for 33 appliances in 5 houses. The MATLAB classification tool is used to 

develop an AI function that is trained by inputting the prepared identity matrix to 

determine the target appliance for load shedding. The appliances states are a defined as 

(1,0) that means the logical representation of the largest and the smallest real-time 

power consumption for all appliances, chosen for convenience as a way of selecting a 

load that is considered least disruptive, these states are used to train the forecasting 

function and 100% classification accuracy is achieved by k-nearest neighbours 

algorithm KNN for appliances selection. This function will operate only if the load 
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shedding value is more than zero. This method does not involve house load monitoring 

via smart meter but involves the smart appliance real-time power consumption. 

 Training data Target 

Method (2) (
𝟏 ⋯ 𝟎
⋮ ⋱ ⋮
𝟎 ⋯ 𝟏

) (
𝟏
⋮

𝟏𝟔𝟓
) 

The spent time to train this function was 1.9935 seconds, and the function can predict 

around 7900 observations every second. 

 

Systems Simulation and Results 
All simulations in this section are operated on a PC with Intel(R) Core (TM) i5-3570M 

CPU @3.4 GHz and 12.00 GB memory and MATLAB 2019a were used for AI function 

creation and simulating the proposed models. This study considers a smart grid 

structure with five houses. Using the CREST demand model each user, an assumption 

of the number of appliances that will be operating in the houses is made represent 

different types of loads and assuming that each appliance is capable to be disconnected 

(McKenna and Thomson, 2016). The maximum power capacity for these houses is set 

to 4 kW for testing proof of concept and the load without load shedding is presented in 

Figure 13. 

 
Figure 13 The Maximum Power Capacity and The Load Without Load Shedding 
Method 1 Results 
The total load after applying load shedding is illustrated in Figure 14, this data shows 

the results of the model under the knowledge of the substation, houses, and the power 

consumption of the appliances. 
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Figure 14 The Total Load With Load Shedding Method 1 
Method 2 Results  
The power balance using this method was achieved by keeping the total load below the 

generation limit. Figure 15 illustrates the load after applying load shedding and using 

the AI approach under the knowledge of the substation and the power consumption of 

the appliances. 

 
Figure 15 The Total Load With Load Shedding Method 2 

The achieved load shedding value in both methods was quite similar over the day with 

little differences due to methodology variation. Making the point clearer, in the first 

method the algorithm targeted the highest loaded house and then marked the largest 

appliance to be switched off. However, the second method algorithm observed the 

entire appliances level and predict switch off the largest appliances. 
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Conclusion  
In this research, a smart distributed demand-side management approach is proposed to 

deliver reliable energy for costumers in residential areas. The users are connected via 

the community substation fed by limited power capacity. For this area, demand-side 

management (DSM) is used to regulate the operation scheme of dispatchable elements 

and the collaborating to keep the utility in operation. Simulation results showed that the 

two methods of smart-DSM were able to achieve the optimal control system. Load 

shedding value calculation using prediction software at the substation was achieved 

using different algorithms. Load shedding control via the first method utilising 

substation, houses, and appliances real-time power consumption information, and the 

second method using substation and appliances real-time power consumption data 

determined a very good performance. However, different appliances were triggered 

sometimes due to different methodologies. Since, in the first approach, the entire level 

of appliances was assessed by AI function, whereas the second method assessed the 

houses and then goes to the appliances level. The next stage for the research is to adapt 

these models for lab testing. both methods produced equally valid results but that not 

having a house smart meter is a saving in complexity, time and cost. 
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Abstract 
In Sri-Lanka, due to climate change, most of the rural villages have difficulty accessing 

clean water. With the United Nations (UN) initiatives set in 2015 to Transform the 

world by 2030, 17 Sustainable Development Goals (SDGs) are set to tackle multiple 

challenges humankind is facing to ensure economic prosperity and environmental 

protection. However, due to the disparities between developed and developing 

economies, some developing countries such as Sri-Lanka will require a more 

substantial design and implementation to achieve the SDGs effectively. In this paper, a 

collaborative support model has been developed to provide clean water to Hippola 

village, Sri-Lanka. The Participatory Action Research approach is adopted in 

formulating, implementing and evaluating the model. Results suggest clean water 

(SDG6) has a synergistic impact on improving health (SDG3) and reducing poverty 

(SDG1) in Hippola village. However, these findings are limited to a village that 

depends on agriculture produce as their main source of income. 

 
Keywords: Collaborative support model, Participatory action research, SDGs, 
Sri-Lanka 
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Introduction 
According to the UN SGD report (2019), it is observed that developing countries are 

struggling more than developed countries in achieving SDG goals. A common struggle 

among many developing countries is providing access to clean water to their people. In 

the 2019 Human Development Report, Sri-Lanka is highlighted as one of the countries 

in need of clean water supply. More specifically, many rural villages in Sri-Lanka, 

including central province, cannot access to clean water. Although in 2010, the local 

government took the initiative to provide clean water nation-wide, due to the financial 

constraints it was unattainable for the government (Wijesinghe et al., 2019). 

The lack of access clean water directly relates to health issues and hinder the income 

opportunities of rural villages in Sri Lanka. (Wijesinghe et al., 2019). 

Purpose of this study 
The purpose of this study is to develop a collaborative support model that assists in 

facilitating safe, clean and affordable drinking water for the rural villagers in Sri Lanka 

(SDG, 2019). This study adopts the Participatory Action Research (PAR) approach and 

aimed to synthesis the available resources into a systematic framework and develops a 

collaborative support model to facilitate the rural villages to access clean water. The 

model will be based on the Social Capital Theory (Aguilar and Sen, 2009) and adopts 

a collaborative support model, where different stakeholders will collectively contribute 

different resources to facilitate access to clean water to the people in Hippola village. 

Also, this model can assist and support the attainment of SDG 1 and SDG 3 (OCED, 

2019). The collaborative support model will be developed and implemented through 

four cyclical processes of action research (Johnson 2008). The paper intents on 

fulfilling two objectives: 
1. To explore the development and implementation process of the clean 

water project. 
2. To design a collaborative support model to facilitate access to clean 

water to the rural villages. 

Sarvodaya Organisation 
To achieve the two objectives of this study, cooperation with Sarvodaya organisation 

was necessary. Sarvodaya organisation is a non-government modern community 

development organisation established in 1958. The vision of the organisation is to build 

a self-reliant and peaceful project in the Sri-Lankan communities. Sarvodaya 

organisational structure comprises of four-levels with the head-office at the top, with 

district centres and divisional centres, and village societies at the village level. To 

conduct a village project, villagers need to establish a Sarvodaya society in the village, 

which can act as a mediator between the organisation and the stakeholders. 

From 2018/19, multiple stakeholders along with Sarvodaya Organisation collaborated 

in a two-year PAR programme, intending to provide access to clean water in Hippola 

village.  
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Methodology  
This study applied a qualitative approach as it offers rich and detailed information order 

to gain more insights into the experiences of the villages in developing the model. 

Accordingly, the study employs a systematic thinking approach to decouple the 

complexity in addressing the basic needs in the Hippola rural village in Sri Lanka 

(Selener, 1993; Conchelo, 1985).  By meeting the UN Decades approach to clean water 

supply and sanitation; this project achieved a higher level of community participation 

concerning four criteria relating to national projects to be acceptable for external 

findings.    

Participatory Action Research Approach  

Mertler (2018) defined Participatory Action Learning design implement in cyclic 

nature.  The participants actively engage in planning, designing and implementing a 

project. Participatory Action Learning approach allows practitioners and social 

researchers to articulate how scholarly contexts, action-learning tasks, project 

implementation, and evaluation tasks and strategic management resources designed to 

promote effective collaboration between organisations, resource persons and 

beneficiaries. The participatory framework is adopted to facilitate as a supportive and 

collaborative tool to formulate, implement and evaluate social development projects.  

A single case study approach - Hippola Village  

The outcomes informed the development of the PAR model conducted in 

the Hippola village, situated in a remote location in the Kandy district in Sri 

Lanka with a population of 980, with a total of 212 families. 

The study adopts a case study strategy as it offers a flexible opportunity to obtain a 

holistic understanding of the context and gain more insights into the experiences of the 

villagers. Most of the villagers work as labourers or farmers with few government 

workers, and the majority of them struggle to fulfil their basic needs due to low 

development conditions. 

Although there is a small stream of water supply from the mountainside passing through 

the village, due to climate change, the stream is mostly dry throughout the year. 

Thereby, the only access to water is through the rain. However, villagers have observed 

that the rainwater and the water from the small stream are contaminated with chemicals. 

Besides, there is inadequate government support in this village due to financial funding. 

Thus, Hippola village is identified as the potential village to develop and implement 

the clean water project.  

Sample size:  The sample size of 26 people which includes 20 villages, four 

representatives from the Sarvodaya organisation and two representatives from other 

supportive organisations. The participants from the village were recruited from the 

Sarvodaya society in the village, and their participation was entirely voluntary.    
Data Collection Process 

The data collection for this study was conducted in three stages: 

Stage One: In the idea generation stage, a focus group was conducted to identify the 

needs of the villagers. Five villagers who are members of the Sarvodaya society, 

including the Chief Temple Monk of the village and two representatives from 

the Sarvodaya organisation, participated in a focus group.  
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Stage Two: Another focus group was conducted with different stakeholders to ensure 

the implementation of the clean water project.  

Stage Three: After the completion of the project, fifteen semi-structured 

interviews were conducted with ten villagers and five representatives who were 

involved in the project. In this stage, further insights into the participants' experiences 

were gathered, to assist the development of the collaborative support model. 

Data Analyses: The collected qualitative data were analysed manually following 

thematic analysis (Yin, 2018; Creswell and Creswell, 2018).  

Results 
In this section, a conceptual model links project analytics to the construction of a water-

well in a village is presented. The conceptual framework consists of six dimensions: 

temporal analytics, comparative analytics, stakeholder dynamics, community 

collaboration, project-specific analytics, and contingency and intervention support 

tools. In the proposed conceptual model, Sarvodaya village society plays a central role 

with the support of Sarvodaya organisation in bringing context to the analysis and 

making the decision on the information received from the stakeholders as well as the 

scaffolding and adaptation of a project design. Before designing the model, the active 

stakeholders of the project are presented. After that, their contribution to the four cycles 

of the PAR is outlined. Along with their contribution to the different stages of 

implementing the project.  

Stakeholders 

In completion of this project, different stakeholders were involved, which are presented 

in Figure.1. Throughout the project, eight stakeholders were identified as active 

contributors to the project.  

 
Figure 16:Stakeholders of the project 
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The first key stakeholder is the Sarvodaya International division, which was responsible 

for coordinating the project, and for finding small financial donors to support this 

project. The second stakeholders are the members and officers in the Sarvodaya society 

located in the village, which provides memberships to the villagers to become part of 

the Sarvodaya society and there are officers appointed by the organisation to run the 

branch. As such, the society members promised to provide raw materials such as sand 

and bricks to the project. The officers were in charge of maintaining the finances of the 

project. The third stakeholder is the Project-Sri-Lanka Volunteer organisation (NGO), 

which is a UK based organisation that Sarvodaya international division got in contact 

through their connections. The NGO decided to get indirectly involved by donating a 

small grant to the project. The fourth stakeholders are the villagers is classified into two 

groups: beneficiaries and non-beneficiaries of the project. Although all villagers 

contributed to the construction of the water-well, ownership of the water-well belongs 

to the landowners. Therefore, landowners are classified as beneficiaries, and the rest of 

the villagers are classified as non-beneficiaries in the project. The beneficiary villagers 

agreed to provide skilled and unskilled labour to the project, and also to provide food 

and drinks to all workers in the project. 

Similarly, non-beneficiaries also agreed to provide food and drinks and created easy 

access to carry the raw materials to the project site. The fifth stakeholders are the 

Sarvodaya organisation (head office), who agreed to provide the remaining raw 

materials such as cement, iron bars and concrete gravel to the project. The sixth 

stakeholder is the hardware store owner, who decided to provide free transport of the 

raw materials from the store to the project site. Finally, the seventh stakeholder is the 

Chief temple monk, who arranged daily visits to the project site to provide moral 

support to the workers. 

Community participation was a necessary element to successfully implement the 

project, which can be observed by exploring the stakeholders' contributions in the PAR 

cycles, presented in Figure.2. 
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Figure 17: Stakeholders contribution to the PAR cycles 

In the PAR cycle presented in Figure.2., the first cycle was conducted through the stage 

1 data collection, where it was identified through a ranking that the villagers highlighted 

access to clean water (SDG6) at the highest priority. Due to contaminated rain and 

sessional stream water, villagers are currently suffering from minor health issues and 

kidney failures. During the focus groups, almost all participants confirmed the urgency 

of identification of the solutions and provided the necessary information. Thereby, 

along with the feedback from the participants, Sarvodaya organisation developed a 

project. Also, the organisation received a small grant from the Project-Sri-Lanka (UK 

NGO) for the implementation of the project. In the second cycle, conducted a focus 

group, to gather resources from stakeholders to implement the project. In the third and 

fourth stages, the beneficiary and the non-beneficiary villagers reap the benefits of the 

project.  

Thereafter, led an evaluation of the project, where identified this clean water project as 

a conceptual guideline which set a practical example on how to establish a support 

model to be more people-friendly and people-centric. In the last focus group, 

participants' reflection on the project was expressed. It was highlighted that developing 

a water scheme, the guidelines and set criteria need to be commenced with local-level 

engagement. The understanding of this statement can be observed in practice, projects 

directed by political parties or channels or influential leaders, which have been less 

successful due to internal conflicts or by lack of community-level participation and 

absence of motivation for voluntary labour or participation (Boot and Heijnen 1988). 

Based on the evaluation it was inevitable that stakeholder's contribution and 

collaboration to the project led to its success, therefore in the next section, the break-
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down of each stakeholder's contribution towards the different stages of the project are 

presented in Table 1. 

 

 
Table 6: Stakeholders contribution to the different stages of the project 

The contribution of the stakeholders can be classified into three stages pre/Intra/post-

project. The pre-project contribution accounts to all the contribution activities 

conducted before the start of the project, such as planning gather funds and raw 

materials. The intra-project contribution considers all contributing activities that took 

place during the project, such as coordinating the project, manual labour, provision of 

food and drinks, and moral support. Finally, the post-project contributions consist of 

contribution activities after the project completion, such as maintenance of the water-

well and collecting feedback from the villagers for further necessary improvements. 

Based on these understandings, established a conceptual model that links these project 

analytics to the construction of the water-well. 

Temporal analytics 

The temporal dimension in the conceptual model considers the events that occurred 

throughout the project. Interviews after the project indicated that they valued the 

contribution of the stakeholders, and the success of the project was not possible without 

their support. Therefore, it is essential to observe the contribution of the events that 

occurred in the project. Temporal "events" specified in the project fell into the 

following three categories: 

Recurring Events 
Contribution events that occurred at the same time each day such as 
Temple Monk's blessing, provision of food and drink, and manual labour 
to construct the water-well. 

Submission events 
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Contribution events which included the due date for the start of the 
project, such as allocation of the villagers, provision of the raw materials, 
and gathering the funding. These contribution events are necessary to 
start the project. 

Single Events 
Contribution events that only occurred once during the project, such as 
the contribution of the hardware store owner (transportation), donation 
of a small grant from the Project-Sri-Lanka volunteer organisation. 

Comparative Analytics 

Comparative analytics allow Sarvodaya to observe patterns or relations between two or 

more aspects of the project. Sarvodaya organisation conducts this analysis, where they 

review the progression of the project and report to Sarvodaya village society. Also, 

these analytics compares the activities and levels of contribution of the stakeholders 

with each other over time. This type of analytics is only possible with a clear knowledge 

of the project structure and activity schedule within the project. Therefore, before the 

start of the project, detailed planning was necessary between the key stakeholders, 

which in this project are all stakeholder who contributed to the pre-project stage. 

Comparative analytics in this context is defined as the provision of analytics in a form 

that enables Sarvodaya to compare different types of contributions that may occur 

within the same time as well as the same types of activities occurring over different 

timer periods. Examples include: 

• The ability to compare villager's productivity, Sarvodaya society officer's 
involvement and Chief temple monk's visits over the whole project. 

• The ability to compare stakeholders' contributions by weekly or daily 

Comparative analytics is not restricted to the temporal domain and is equally applicate 

to forecast analyses for this project or any other future projects of Sarvodaya. In this 

way, comparative analytics provides a lens through which the structure and sequences 

of designed contributions within the project, implemented through the use of detailed 

planning, can be evaluated. 

Stakeholder dynamics 

Participants in the interview highlighted that community support was essential for the 

success of this project. Therefore, understanding of the community dynamics can help 

determine how different groups of stakeholders interact and engage with an overarching 

and specific project. In the context of this project, it was identified that although the 

hardware store owner had no personal connection to the village, the owner provided 

some contribution to the project. It was understood that the owner was sympathetic 

towards the villagers and supported the project, thus provided his contribution to the 

project. Also, through the interviews, it was stated that although some villagers had 

disputes with each other, their kindred spirit towards the project led them to collaborate. 

The implication is that the model may be more successful by particular groups of 

stakeholders, resulting in different levels of success. Highlighting the projects may need 

to scaffold, or interventions may need to be considered for particular stakeholders. 

Stakeholder dynamics may also differ between different types of projects such as long-
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term projects, that must be understood in real-time in order for the project to be 

successful. 

Community collaboration 

Almost all participants in the interview highlighted the importance of their community 

collaboration on this project, as they believed without their community support, this 

project will not be successful. This form of understanding is quite typical in 

community-based projects, especially in small communities, as people tend to share a 

closer bond than larger communities, resulting they need to stay together to succeed. 

This form of understanding was observed throughout the project, even before the start 

of the project, as villagers in Hippola were sharing a common problem, and united they 

wanted to solve it. Thus, community collaboration dimension can be drawn to the 

principles of social collaboration theory, where multiple stakeholders interact and share 

information to achieve a common goal. In this case, the common goal was the 

construction of the water-well in the village. 

Project-specific analytics 

While temporal analytics relate to all contribution events conducted in the project, it 

has been observed that the need for analytics was explicitly tailored to the particular 

project conducted to this project. Simple analytics included the analysis of the prices of 

the raw materials of the project, and more advanced analytics included the 

understanding of the geographical landscape of the village and the location where the 

water-well is going to be constructed. Project-specific analytics can be applied in 

conjunction with comparative analytics, stakeholder dynamics and community 

collaboration. In particular, there is potential to compare the emergence of additional 

stakeholders based upon similarity to be discovered. 

Contingency and Intervention Support Tools 

Interviews from the participants highlighted the importance of identifying and 

intervening when a stakeholder was determined to be potentially "at-risk". In most 

cases, the necessary intervention was with the beneficiary and non-beneficiary 

villagers. Participants indicated that the stress of working under adverse weather with 

the determination of completing the project led some villagers to exhaust themselves, 

resulting in the need for medical assistance. The contingency dimension is associated 

with the stakeholder dynamics and community collaboration dimensions, as patterns 

established based on stakeholder similarity discovery algorithms will allow Sarvodaya 

international division to effectively select and identify stakeholder groups for some 

kind of intervention. The contingency is only an outcome of stakeholder dynamics and 

community collaboration- after the Sarvodaya organisation has understood why 

stakeholders in a particular group were similar and relied on that information to the 

society, with regards to their approach to their contribution towards the project.  

Project Collaboration conceptual model 

Figure.3 illustrates the proposed collaborative support model for clean water supply to 

rural villages. The proposed model aims to transform project design into a community-

led enquiry-based practice. In the model, the Sarvodaya society in a village plays a 

central role with the support of the Sarvodaya organisation in bringing contextual 

knowledge to the review and analysis of the project analytics and then in making 

decisions about contingency. 
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The model incorporates the different analytics dimensions that emerged from thematic 

analysis of the semi-structured interviews, focus groups, and implementation of the 

project, namely temporal analytics, stakeholder dynamics, community collaboration 

and project-specific analytics. Comparative analytics and related support visualisations 

are relevant across all other analytical dimensions and contribute to the Sarvodaya 

organisation's ability to make sense of the data, and support in the planning and 

formulation of the project. Comparative analytics, therefore, provides the lens through 

which the organisation evaluates the project design implementations within the village 

in direct relation to the activities of the stakeholders.  

The Sarvodaya society in the village, which is part of the organisation but independent, 

as the villager's control and run the society, plays the central role within the 

collaborative support model in bringing the stakeholders together and implementing the 

project. Although Sarvodaya organisation initially identified and planned the project, 

Sarvodaya village society is responsible for in-project decision making and 

coordination of the project.  

In the model, contingency occurs as the output and is the result of project decisions by 

the Sarvodaya society in the village, and the comparative analytics conducted by the 

Sarvodaya organisation. Contingency can take the form of restored or scaffolded 

project activities recommendations and feedback provided to distinct stakeholder 

groups. Contingency requires the organisation to understand the different types of 

analytics and interpret the patterns emerging from the stakeholder dynamics and 

community collaboration. Contingency also relies on the availability of tools to 

identify, select, filter and communicate feedback to Sarvodaya society in the village. 

The stakeholder dynamics and community collaboration need to be supported by 

algorithms that can discover and provide interpretable stakeholder usage and similarity 

pattern to the Sarvodaya organisation, with then can be relayed to the Sarvodaya society 

in the village. These algorithms can usually take the form of collaborative filtering, 

which in this context predicts the stakeholder's relationship with other stakeholders 

based on the recommendations gathered from previous projects (Herlocker et al. 2002). 

 
Figure 18:Collaborative support model 

Limitations and Implications 

It is important to note that this study was conducted in Hippola village in Sri-Lanka, 

and more specifically, in a rural village with only 980 villagers. Thus, our findings 

cannot be generalised to the whole population either of Sri-Lanka or the world. This 

study did not conduct any statistical analysis of the relationship between the 
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stakeholders. Thus, our proposed collaboration model is based on qualitative data from 

the PAR in Hippola village, Sri-Lanka. 

As described above, this study found evidence that the availability of clean water played 

an essential role in the functioning and supported the livelihood of the villagers. As 

villagers in Hippola village depend on water, for their agricultural produce, which is 

the main source of income for many villagers in Hippola. Over time, it has been notified 

that villagers have used the water-well to expand their cultivation to different 

vegetables further, their creating new sources of income and overall reducing the 

poverty levels in the village (SDG1). Also, based on data collected in stage four, it has 

been highlighted that the villagers have felt more productive and healthier, mentally 

and physically. This aspect was outlined concerning the increased activity levels of 

farming, and the villagers knowing that they are drinking clean and uncontaminated 

water from the water-well (SDG3).  

This evidence can be used by public health policymakers and health practice makers of 

rural villages around the world, to implement this collaborative model to provide clean 

water to the villagers. Using a collaborative model is considered to be an efficient 

approach to successfully implement a clean water project in a small rural village in a 

developing country. As found in this study, a village without access to clean water can 

lead to decremental impacts to their poverty situations and, their mental and physical 

health, especially in a small rural village in a developing country which depends to 

agriculture as their main source of income. 

Conclusion 

In this paper, we have proposed a collaborative support model for clean water supply. 

An understanding informed the model of the types of project analytics that would be 

useful to support the evaluation of clean water project designs. While clear dimensions 

of the types of analytics required emerged from participants, it was evident that 

Sarvodaya society in the village played crucial roles in bringing the stakeholders 

together and decision-makings of the project. However, Sarvodaya organisation played 

a supporting role in the interpretation of the analytics of the project and communicating 

it to the society. 

The proposed framework makes a useful contribution, as the adoption of a collaborative 

support model within the PAR initiatives implies that more flexibility on funding and 

resources structures are possible. In practice, organisations can collaborate with the 

villagers to successfully implement a project in the village. Although this model 

outlines collaborative support with people at the village level, further research is 

necessary to assess whether this model can promote collaborative support at a nation-

wide level. 
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Abstract 
Agriculture in Africa has a massive social and economic footprint. More than 80 

percent of the population of sub-Saharan Africa is smallholder farmers, and about 23 

percent of sub-Saharan Africa's GDP comes from agriculture. 

Yet, Africa's full agricultural potential remains untapped due to some limitations and 

inefficiencies. 

According to the Sustainable Development Goals Report 2019 published by the United 

Nations, in sub-Saharan Africa, 422 million people still live in extreme poverty; 237 

million people live in hunger. In Nigeria, 82 million people are living below the 

international poverty line ($1.9 per day), and unemployment peaked at 23.1%. As a 

result, businesses such as utility companies are suffering with collection of bills. The 

distribution of poverty is greater in underdeveloped rural areas where infrastructure is 

limited.  For example, electricity access is only 41%.  In the case of Kaduna Electricity 

Distribution Company (KAEDCO), customer payments to the company are also low at 

17%.  This deficit has a significant impact on the cash balance of KAEDCO.  In order 

to address this a study was performed to investigate ways to improve payments, 

electricity access and agricultural livelihoods. 

 The research was conducted in Kano, a city in Northern Nigeria. The study considered 

the effects of implementing renewable energy with respect to power distribution 

companies in direct relation to SDG goals number: 1, 2, 7, 8, 11, and 13. As part of the 

research, a survey of 214 households was undertaken. Data was collected via 

questionnaires, focus group discussions and stakeholder interviews. 

With the data collected having a Cronbach’s Alpha score of 0.72, a bivariate analysis 

was conducted using Spearman’s rho correlation analysis to understand the impact of 

energy via renewable means on the average income of households, level of education, 

average savings, and carbon emissions. All this was examined from the power 

distribution point of view. Results showed very strong correlation between energy via 

renewable means with average income, level of education, average savings and carbon 
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emissions. The rho values were 0.617, 0.514, 0.534 and 0.612 respectively. With such 

rho values, the study indicated that RE will support agriculture and SDGs. 

 

Keywords: renewable energy, utility companies, agriculture, SDGs,   

 

1. Overview 
 

The Sub-Saharan Africa accounts for more than 1 billion people, approximately 13% 

of the global population (2020, World Bank Reoprt.). Agriculture is the highest 

employer of labour, employing more than half of the total labour force [2]. While 

smallholder farms constitute almost 80% of all farms in the region and directly employs 

about 175million people, many of which are in the rural areas, it provides livelihood 

for multitude of small-scale producers. Although agriculture accounts for 23% of the 

regions GDP [3] in addition to abundance of land, labour force and untapped water, the 

region is still yet to realize its full agricultural potential. This is due to several reasons. 

• Great unexploited potential for expanding irrigation: rain-fed irrigation 

system is the primary means of irrigation in SSA. Of the 183 million 

hectares of cultivated land, 95% is rain-fed and less than 5% is irrigated 

using other means. Globally, it is by far the lowest irrigation development 

rate. 

• Limited use of inputs and slow adoption of improved production 

technologies: Despite technological advancements in fertilizer production 

and application, for over 40 years, SSA has the lowest rate of fertilizer use 

of any region. Use of other yield-enhancing inputs such as improved crop 

varieties, pesticides, and mechanization are also limited. Agricultural 

extension services are also very limited.  

• Low private sector investment 

The lack of full potential exploitation in the agricultural landscape in SSA has 

contributed in keeping a large percentage of the society poor. According to the World 

Bank report of 2019 [4], there are over 422 million people living below the poverty line 

of $1.90 per day as stipulated by the UN. Although the poverty rate has gone down 

from 54% in 1990 to 41.3% in 2018, there are more people living in poverty. This is 

due to high population growth during the same period. The population has increased 

from 278 million in 1990 to 422 million in 2018. 82% of the people living under the 

poverty line live in rural areas where there is limited infrastructure, and economic 

activities not as prevalent as in the urban areas. The increase in people lacking financial 

independence cut straight through into the economic prosperity of their respective 

countries or regions, albeit negatively. This lack of financial independence is clearly 

defined in the energy (power) sector as will be seen later in the paper.  

Agriculture, Poverty and Energy are 3 out of the 17 cardinal points of action of the 

United Nations Sustainable Development Goals (SDGs). The complete SDGs range 
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from actions dealing with energy, basic materials, industrials, consumer goods, 

healthcare, utilities, telecoms, consumer services, financial, and technology.  

As a case study, Nigeria, a sub-Saharan country with a population of over 200 million 

people (highest in Africa) was considered. For the purpose of this study, the power 

sector was considered. The aim was to investigate why KAEDCO customers do not pay 

their full electricity bills and investigate the potential of implementing renewable 

energy in agriculture and power distribution on achievement of sustainable 

development goals. 

2. Research Background 
 

With the largest economy and population in Africa, in Nigeria, agriculture, trade and 

manufacturing are three of the four largest economic sectors, with the oil sector being 

the fourth. The three former sectors are predominant in the north while the latter is 

mainly in the southern part of Nigeria. With a total labour force of 77.5 million people, 

agriculture employed 37.4 million people (48.2%), trade employed 10.8 million people 

(14%), and manufacturing 6.2 million people (8%) in 2017. However, poverty is 

widespread in Nigeria. 

 The apex statistical body in the country, the National Bureau of Statistics (NBS) listed 

41% of the country’s population as living below the poverty line [5]. This implies, 82 

million people live below $1.9 per day. Unemployment is at an all-time high at 23.1% 

[6]. This is an increase of 5% from the previous year. While [7] concluded 

unemployment is accompanied by a rapid deterioration in affective wellbeing, [8] 

attributed it to loss of income, social problems/alienation, less tax revenue and higher 

gov’t borrowing, inefficient use of resources, and loss of human capital. As a result, the 

unemployment rate of Nigeria rising to 23.1% will affect both the citizens and the 

economy of the country negatively. The poverty index is further compounded in the 

rural areas due to limited infrastructure and low electricity access. Electricity access in 

rural areas in Nigeria is only 41%. Most of the inhabitants in the rural areas of Nigeria 

are small scale farmers who cultivate less than a hectare of land and yield just enough 

to feed themselves and their families. Due to these socio-economic challenges, 

commerce suffers greatly. An example is the power sector, for example in Northern 

Nigeria the utility Kaduna Electric has bill collection rates as low as 17%.In the case of 

Kaduna Electric, a power utility company in Northern Nigeria, collection of bills is as 

low as 17%.  

Kaduna Electric is one out of the 11 power distribution companies created in Nigeria 

after the sector was privatized in 2014. The companies are at the bottom of the value 

chain. It is they who interact with the final consumer. As such, cash entry point into the 

sector is at the distribution level. If liquidity is low at this level, it will affect the entire 

value chain. The invoice these companies receive on a monthly basis from bulk 

electricity trader consist of generation and transmission costs. Therefore, they will only 

be able to pay a certain percentage of what they collect to the bulk trader. At KAEDCO, 

the aggregate technical, commercial and collection (ATC&C) loss hovers between 71% 

and 74% from inception to date (2014 – 2020), thus, the company records 

insurmountable losses. As a result, the company is not able to repay for the energy it 

buys from generation companies and transmission costs to the transmission company. 
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Upon a closer examination of the company’s economic model and survey of the market 

landscape, it was identified that 90% of its customers are residential customers on the 

R1 or R2 tariff. R1 and R2 are different categories of customers, categorized based on 

energy consumption. R1 customers consume 0 – 1kW while R2 consume between 1 – 

40 kW daily. Further research identified that 67% of the residential customers are 

engaged in agriculture for their means of livelihood.  

In Nigeria, people engage in agriculture in two different ways. Either by rainfed 

agriculture or irrigation agriculture. Although farmers employ both methods, irrigation 

agriculture is practised for the 7 months of dryness and rainfed for the 5 months of rain. 

During the 7 months of dryness, farmers employ the use of diesel-powered generators 

to irrigate their farms. In addition to the process being very expensive, it is also not 

clean. The pumps are usually very old, emit tones of greenhouse gases and require 

maintenance most of the time. This consumes almost all the meagre financial resources 

farmers have and leave them with no savings and sometimes in debt; but, they are left 

with no option but to continue irrigating their farms the same way as it is their only 

means of livelihood. However, renewable energy may solve this problem. The country 

has a solar radiation average of 19.8 MJ/m2/day and average sunshine hours of 6hr/day, 

see Figure 2.1 [9]. In addition to the fuel being free, clean and requiring minimal 

maintenance, solar power can be used to generate energy required to pump water for 

irrigation and drinking, electricity for schools, homes and productive power. Shaaban 

et al. [10] investigated the potentials of renewable energy in Nigeria and obtained good 

results in favour of  the technology being feasibility. [11] also confirmed the feasibility 

of renewable energy in Nigeria when conducting an economic evaluation of hybrid 

energy systems for rural areas in Nigeria. However, this does not come without some 

challenges as [12] listed regulatory policies, finance and market size, technological 

knowhow, institutional problem and socio cultural habits as some of the challenges to 

overcome. But, all together, the pros outweigh the cons. As the SDGs are also targeted 

at alleviating poverty, increasing energy access and eradicating hunger, the deployment 

of RET in Nigeria would further help to achieve the objectives of the SDGs.  

The paper presents the methodological basis for the study that was undertaken.  The 

results are presented and analysed to establish the potential for developing renewable 

energy in the region. Conclusions are drawn to the effectiveness of the objectives of the 

research.  
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Fig 2. 1 Nigeria Solar Resource Map [9] 

 

 

3. Aims and Objectives of the Project 
 

When renewable energy is talked about, the main area of interest is in clean energy 

generation. Not much emphasis is given to the socio-economic aspect renewable energy 

plays in the area of power distribution and financial independence. 

The aim of the study was to investigate why KAEDCO customers do not pay their full 

electricity bills. 

 

 The objectives were to investigate the current demographic and socio-economic 

situation in the KAEDCO area and evaluate the potential for renewable energy to 

improve payments to the power utility.  
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4. Research Methodology and Design 
 

To achieve the aim of the study, the willingness and ability of people to pay for a service 

or commodity had to be established. This was done by adopting a mixed methods 

approach. To elicit customers’ response, the contingent valuation method (CVM) was 

combined with the choice experiment (CE) method [13]. This was done to minimize 

the bias which may arise from adopting the CVM alone. In CVM, the common 

elicitation approach is the two-alternative (referendum), so certain key information 

might be missing if adoptedly solely. In CE, a series of questions with more than two 

alternatives are designed to elicit responses that allow the estimation of preferences. 

So, combining CVM with CE covered for the gap in the CVM. As a result, a carefully 

designed survey questionnaire was developed. Both qualitative and quantitative data 

was gathered while conducting the field study. A descriptive and statistical analysis 

software, SPSS, was used to conduct a quantitative analysis, whereas, thematic and 

stakeholder analysis using NVivo was used to analyse the qualitative data. 

 

4.1 Research Setting  

 

Kaduna Electricity Distribution Company being one of the power distribution 

companies covers four states in the North Western part of Nigeria, namely Kaduna, 

Sokoto, Zamfara, and Kebbi states. The study was carried out in two Local Government 

Areas (LGAs) of Dawakin Kudu and Dala in Kano state. These locations were chosen 

due to their high energy consumption and low repayment rate, see Figure 4.1 
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Fig 4.1 Map of Kano showing study locations [11] 

 

4.2 Sampling technique and sample size calculation 

 

Selecting a suitable technique(s) is integral to the overall success of a study. Bias is 

reduced or increased via the selection of a suitable technique or otherwise. As explained 

by [14], in studies where the population targeted by researchers cannot be easily listed 

for sampling purposes, the multi-stage clustering technique is the most ideal. This 

sampling technique is frequently employed where it is uneconomic to carry out surveys 

with individuals scattered all over the area. Simple random sampling could be 

employed to achieve the objective of the survey as well, however, given the nature of 

the geographical area being very vast (380 km2) and with limited resources and time 

available, the multi-stage clustering sample was more ideal and was adopted. 

To calculate the sample size, The United Nation’s proposed method for sample size 

calculation [15] was used to determine the optimal sample size of the target population 

for the study. It was adopted because it considered multiple parameters such as 

proportion of total population accounted for by the target population, average 

household size, and rate of non-response. 
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4.3 Administering Questionnaire to Respondents and Observations 

 

At the development stage of the study, administering questionnaires digitally (via 

phones or online) was thought about. However, some challenges were identified which 

made it not feasible. About 57% of the study’s subjects do not have any means of 

secular education. The fact that only 43% of people in North West Nigeria aged 

between 20 – 60 years of age have ever been to school presents perhaps the largest 

educational challenge in the world [16]. A unique characteristic is that most of the 

people are exposed to a non-formal religious education system that has been established 

for centuries across West Africa. Another angle was that the penetration of mobile 

phones and internet access was less than 50%. As a result, the face-to-face approach 

was adopted for the questionnaire administration. 

 

Figure 4.2 Percentage of Nigerian population who have ever attended school. Source: Analysis based on the 2008 

Nigeria Demographic and Health Survey [16] 
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Fig 4.3 Face to face interview in progress 

 

5 Data Analysis and Results  
 

Upon completion of the survey, data was collected from a total of 214 respondents. 150 

(70%) of the subjects reported their means of livelihood from agriculture. The data was 

transferred onto the computer and analysed using analytical tools. 

 

5.1 Data Validity and Reliability   

 

In analysing a data set, the reliability and validity of the data are very important. [17] 

suggest the two to be critical and significant in the scale-evaluation process. SPSS was 

used to measure the reliability of the data set obtained using the Cronbach’s Alpha test. 

[18], [19] suggested a Cronbach’s Alpha score of 0.7 as good, 0.8 as better and 0.9 as 

best. The Cronbach’s Alpha score for the data obtained was 0.72. This qualifies the 

questionnaire as good. 

 External validity for the study was conducted by comparing the study’s results with 

similar studies and existing literature available in the public domain. The questionnaire 
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and statistical tool (SPSS) used for analysis also adds to the validity and reliability of 

the study. 

5.2 Results 

 

5.2.1 Main occupation data  
 

Available data on KAEDCO customers’ occupation indicated that 70% of the 

company’s customers on the R2 tariff are directly or indirectly involved with 

agriculture [20]. Data and results obtained from the study further reinforces the claim 

by KAEDCO. As illustrated in Fig 5.1  agriculture related activities account for 67.28% 

of the sample size. 52.80% engage in small scale farming, 9.81% subsistence 

agriculture, while 4.67% engage in commercial agriculture. The main agricultural 

produce cultivated in the area are rice, maize, millet and groundnut. The source of 

income for households comes mainly from the agricultural sector. Agriculture 

contributed 24.4% to the GDP in 2017 [21]. It is the largest non-oil contributor to the 

GDP. As of 2011, agriculture provided employment for about 65% of labour force in 

Nigeria [22]. This further coincide with the percentage in this study. With a large 

percentage of the citizens directly or indirectly relying on agriculture for their source 

of income, it provides an avenue for power distribution companies to capitalize on that 

sector to increase citizens’ earning.  

 

 

 
Figure 5.1: Main occupation of household, n=214 

 

5.2.2 Farm operations structure and expenditure 
 

With 144 (67.75%) respondents out of 214 mentioning agriculture as their main source 

of income, their operations and expenditure were examined in the study. 133 

respondents indicated to be using diesel powered generators to irrigate their farms. This 

http://www.dmu.ac.uk/


                 
 

 241 

practice emits tonnes of CO2 into the atmosphere. Sagar Adhikari et al [23] studied the 

characterizing emissions from agricultural diesel pumps in Nepal. They highlighted 

some characteristics (age, size, maintenance and fuel mixture use) and estimated their 

impact on emissions. They found the emission factor (EF) for pollutants varied in the 

range of 2.67–80.33 g/L (PM2.5), 0.24–5.86 g/L (BC); 424–2592 g/L (CO2); 39.1–

1418.9 g/L (CO). Work is currently in progress to estimate the EF of the farmers in the 

study. Implementing a PV system will eliminate the emission of the greenhouse gases 

and help achieve the SDG target on affordable and clean energy. 

Further studies are in progress to identify the frequency at which farmers irrigate their 

farms on a monthly basis, and the cost element involved due to renting of pumps, 

maintenance, and fuelling. 

 

 

5.2.3 Income Profile analysis 
 

Household income of farmers is quite low. To validate how much respondents pay for 

their energy bill, it was found necessary to collect both the income and expenditure 

profile of the households surveyed. Fig 5.2 illustrates the monthly saving as a function 

of average income and monthly spending. 98 (68%) respondents had an average income 

of $50 and below, and a monthly spending of $50 and below. Consequently, that lead 

to a monthly saving of $50 and below. The only respondents with some sort of savings 

were the commercial farmers who had an average income of $300 and above monthly.    

 

Fig 

5.2: Occupation, average income and monthly savings of farmers 
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Evidently from the Fig 5.2, only 10 respondents out of 144 had some sort of savings. 

All the 10 responds were engaged in commercial farming as opposed to the other 134 

who had no savings whatsoever. The general response amongst the 134 respondents 

was that all their income has gone back into fuelling, maintaining and renting pumps 

for irrigation purposes. A review of the electricity bill payment of the 134 respondents 

confirmed the notion that respondents without savings will not be able to pay their 

electricity bills.  

  
Fig 5.3: Average income, monthly savings, and electricity bill percentage farmers pay 

Evidently from Figure 5.3, only the 10 commercial farmers paid 50% and above of their 

electricity bill. This was not surprising or unexpected judging from the responses of the 

134 respondents.  

To further understand what influences the payment of bills, a bivariate analysis was 

conducted using Spearman’s rho correlation analysis. The Spearman’s rho correlation 

analysis is a non-parametric analysis method used for measuring association between 

two variables. The strength of the relationship is measured by the rho value (r). The 

interpretation of r is as such: small r = 0.1 to 0.29, medium r = 0.3 to .49 and large r = 

0.5 to 1.0 [24]. 

From the analysis, it was determined that the relationship between monthly amount 

paid for electricity is strongest with monthly savings, with an r value of 0.622. The 

next strong relationship is with average income; that had an r value of 0.617. The last 
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strong correlation between monthly amount paid for electricity was with respondents’ 

occupation. That had an r value of 0.493.   

[25] in a study conducted an economic analysis on Solar Desalination System Design 

for Irrigation/Drinking Water and Electricity Generation in Desert or Arid Areas, and 

their model established huge savings pumping water using PV compared to utilizing 

diesel pumps. This confirms a similar system developed for KAEDCO customers 

engaged in agriculture will decrease the cost they incur to irrigate their farms and 

increase their savings. This increased savings can then be channelled into electricity 

bill repayment. This will also help achieve the SDG target on poverty alleviation, zero 

hunger, and decent work and economic growth. 

Work is currently in progress on the economic analysis for KAEDCO and power 

distribution companies alike to increase collection rate and reduce losses utilizing 

renewable energy. 

6 Conclusion 
 

A study was conducted in Kano, a city in North-West Nigeria to ascertain reasons for 

low collection efficiency for Kaduna Electricity Distribution Company, and how it can 

be mitigated to increase liquidity. As a result, the potential of implementing renewable 

energy in power distribution and agriculture was investigated. The implementation 

would also help achieve targets 1, 2, 7, 8, 11 and 13 set out by the Sustainable 

Development Goals. A survey was conducted using a carefully designed questionnaire 

where both quantitative and qualitative data was collected from KAEDCO’s customers. 

The quantitative data was analysed using SPSS and the qualitative NVivo.  This showed 

67.2% of KAEDCO’s customers are engaged in agriculture. 93% of these customers 

had no savings. They use most of their financial resources to fuel and maintain diesel-

powered pumps for irrigation during 7 months of dry season. As such, they are left with 

little or nothing to pay for their electricity bills. In addition to the practice being 

expensive, it is also not eco-friendly. An objective was to establish the potential for 

people to pay.  At this moment it seems only a small number can, so more measures are 

needed to improve income. This is where RE could come in for water pumping system. 

 

6.1 Further Work 

 

Although work is in progress, it was established that the practices some of KAEDCO’s 

customers employ to irrigate their farms for their means of livelihood pollute the 

environment. They also expend a lot of money to irrigate the farms, leaving them with 

little to no savings. And, without savings, they cannot pay their electricity bills. This 

puts a financial strain on the entire power sector.  

However, it was established, with confirmation from multiple studies that employing 

renewable energy for irrigation can achieve a lot of objectives. It will enable customers 

save more, reduce environmental pollution, and help achieve multiple objectives of the 

SDGs. Work is currently in progress to estimate the actual economic cost and savings 

the system would bring about. Reduction in pollution level is also analysed currently.  
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Abstract:  
Farmers and rural communities in developing countries encounter a broad range of 

challenges, including poverty, hunger, poor health and well-being, and climate change. 

In relation to sustainable agricultural development, farmers need to apply appropriate 

farming techniques and agricultural technologies that require a high level of 

investments. In Libya, the Agricultural Bank was founded to promote agricultural 

development that is both sustainable and improves the living standard of rural 

communities and farmers’ welfare. The present study is focused on the role of the 

Agricultural Bank in the Jafara region to the South-west of Tripoli City in addressing 

the challenges of poverty, hunger, poor health and well-being, and climate change or 

not. Based on a mixed method approach, including 83 surveys and 26 interviews with 

farmers in the region, the study reveals that the Agricultural Bank has inadequate 

financial resources to improve the infrastructure, production and level of prosperity 

among farmers in the agricultural sector of the region. The paper concludes with some 

practical recommendations regarding how government and the Agricultural Bank can 

more effectively support sustainable agricultural development in the Jafara region and 

other rural area of Libya. 

 

Keywords: Farmers; Sustainable Development Goals; sustainable agricultural 

development; water facilities; financial support. 

 

 

http://www.dmu.ac.uk/


                 
 

 256 

1. Introduction: 
The following sections presents more details about sustainable agriculture, the role of 

banks help farmers in rural areas of developing countries related to SDG's, and brief 

background on issues facing Libyan farmers. 

 

1.1. Sustainability and sustainable agriculture in an arid rural area in developing 

countries related to SDGs: 

Agriculture is recognized as a major source of GDP, providing employment for rural 

areas, in Africa and many other developing countries (Dercon & Christiaensen, 2011; 

Diao et al., 2008). It stimulates other sectors through generating a need for the inputs, 

machinery and service industries that support production in farming areas and how they 

might achieve sustainable agricultural development goals. While, the agricultural sector 

remains the main source of income in most rural areas of North Africa, during the 1990s 

agricultural output has decreased in part due to global warming and climate change 

(UNECA, 2009). With lower agricultural productivity many African farmers may be 

trapped into food insecurity and poverty for decades (UNECA, 2009). Furthermore, the 

UNECA report indicates that due to lower levels of agricultural production, farmers are 

often not motivated to take a deep interest in the cultiviation of fields because the profit 

margin is very low among the African countries. For instance, the production of grain 

crops in Ethiopia was around 1250 kg per hectare, while yields in the South and East 

of Asia increased from 2500 to 4500 kg per hectare in 2009 (UNECA, 2009). This is in 

large part due to the governments of South and East Asian countries investing a 

significant amount of funding to provide farmers with appropriate tools, techniques, 

and farming potential to improve agricultural practices and grow sustainable rural 

businesses (Dercon & Christiaensen, 2011; World Bank, 2009). Agriculture in Libya 

faces many challenges which will be explored in the following sections of the paper 

and considered alongside the current and potential role of the Agricultural Bank to 

address them. 

 

1.2. The role of banks to help farmers in rural areas of developing countries 

related to SDGs: 

The banking system has the ability to support sustainable agricultural development 

(SAD) through social, environmental and economic intervention (Khan et al., 20003). 

Specialist banks such as Agricultural Bank, Industrial Development  Bank, Rural Bank 

wereestablished to support economic development in all sectors and complement the 

role of other banks by providing banking services geared towards providing loans to 

support the agriculture sector, help farmers and establish economically viable 

enterprises in rural areas that provide for the livelihoods of local communities and the 

protection of the environmental resources of regional communities (Sunildro Akoijam 

2015). According to Bashir et al. (2010), agricultural credit for farmers is an essential 

source of increased agricultural productivity that can ultimately lead to broadening and 

improving the standard of living of local rural communities. Short-term agricultural 

credit has a significant impact on increasing wheat crop in District Punjab, Lahore, 

Pakistan. It has been used by the farmers in providing seeds of wheat, the fertilizer and 
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irrigation. Furthermore, Geetha (2016) concluded that the regional rural banks in India 

played an important role in supporting the agricultural sector increasing productivity 

and economic growth. 

Banks have succeeded in providing short term creditbanking facilities at very low rates 

of interest. The loans have been increased from 46% in 2002-2003 to 64% in 2008-

2009to meet the financial and banking needs for small and marginal farmers, 

agricultural laborers, artisans, landless farmers, small traders and small entrepreneurs 

in Shimogga region of India. Therefore, the banks' credit aids and loans are helping in 

creating employment; to increase the investments and boost prevent economic activities 

from the financial crises. For instance in Bangladesh (Sarker, Ghosh and Palit, 2015) 

studied the contribution of the banking sector in financing the agricultural sector and 

total agricultural output. And the study discovered that there is a solid relationship 

between the banking services financing in the agriculture sector and produce 

agricultural products. However, studies into the role of the banking sectors in financing 

the agricultural and industrial sectors in developing countries are still limited. The aim 

of this paper is to explore the challenges facing farmers in the Jafara region of Libya 

and how the Bank can help address the mand contribute to a more (SAD) for the Jafara 

region. 

 

1.3. Brief background and issues facing Libyan farmers: 

Libya is one of the North African countries that has suffered from a decline in 

agricultural production and degradation of water resources. Although the agriculture 

sector is the second largest sector in Libya, fertile agricultural land has decreased due 

to economic, social, financial, and environment agricultural challenges such as (water 

quality and availability, lack of Labors and lack of agricultural finance). This study has 

reported since 1990, most farmers have said there was a decline in the level of 

groundwater is gradually declining and exceeding 300 m under the earth’s surface in 

Al-Azizia, Qasr Bin Ghashir and Al-Zahra areas, Farmers in the Janzour area suffer 

from groundwater pollution because of their proximity to the coastal area. The results 

of this study revealed that more than 44% of respondents were experiencing a lack of 

water in the four main areas of Jafara region, around 41% of farm owners in Jafara’s 

rural areas are suffering from lack of labour and more than 68% of respondents in the 

four main areas are suffering from lack of and High Prices the Agricultural Inputs and 

Equipment. The arable land represents about 1.2% of the total area of Libya 

(Abdudayem, 2013; FAO, 2011).  

According to FAO (2011), 95% of the Libya land is desert and farmers have not enough 

financial resources of government support to convert the unproductive agricultural land 

into productive agriculture land. Despite the government’s focus on this sector through 

agricultural-led industrialisation (Kumati, 2008; Aridah 2016; Abuarosha, 2013), the 

rural community remains unable to produce enough sufficient agricultural production. 

Previous studies have identified that the lack of farmers’ education, high levels of 

obsolete agricultural technologies, and lower level of Libyan government support are 

the main challenges to agricultural production and reduce the level of poverty among 

farmers (Park & Carolina, 2016; Aridah, 2016; Allafi 2014; Abuarosha, 2013). Prior to 

exploring the challenges facing farmers in the Jafara region the next section will 

consider the research methodology.  Section (5) will then explore the role of the 
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Agricultural Bank before a final discussion considers how the Bank might address some 

of these challenges and makes some policy recommendations relating to this.This paper 

focused to identify the current challenges facing farmers in the region and how the 

Agricultural Bank can more effectively support sustainable agricultural development 

in the Jafara rural area of Libya. 

2. Methodology:  
This paper focused to identify the current challenges facing farmers in the region and 

how the Agricultural Bank can more effectively support sustainable agricultural 

development in the Jafara rural area of Libya. The paper is based on a mixed method 

approach, including 83 surveys and 26 interviews with farmers in the region. Over 

eighty questionnaires were completed by agricultural workers to explore challenges the 

political, financial, technological, government, and socio-cultural challenges in 

agricultural sector and to understand the role of the Agricultural Bank to support 

farmers in Jafara rural community. Interviews with 26 farmers enabled the researcher 

to identify the main challenges facing farmers in agricultural sector and providing some 

solutions by respondents in terms of the current and potential role of the Agricultural 

Bank in helping to address challenges facing farmers in the Jafara region and other rural 

area of Libya. 

 Table 1: Features of respondents 

 
 

2.1. Data collection and analysis:  

The survey and interview techniques in the perspective of mixed method approach and 

its useful to answer the why, which and how types of research (Aslam et al., 2018; 

Muqadas et al., 2017). The questionnaire is being used to identify the most important 

issues and factors of sustainable agricultural development in the region but the 
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questionnaire data is limit to answer what and which kind of the issues exists? 

Therefore, semi structured interviews are being conducted to explore why these issues 

exist and these issues could be solved. Therefore, the present study has adopted a mixed 

method approach with the purpose to increase credibility, transferability, confirm 

ability, and generalizability. The survey and interviews were carried out with farmers 

throughout the main four areas of the Jafara region (i.e. AL-Azizia, Qasr Bin Ghashir, 

Janzour, and Al-Zahra) in Libya. In addition, the research questions were designed after 

reviewing the literature on the subject of the study (Muqadas, Rehman, Aslam, and Ur- 

Rahman, 2017). The statistical tests have been used to address the aim of the study to 

purify the major issues of agriculture sustainable development in the Jafara region of 

Libya. 

3. Libyan case study: 
Libya is a developing country located next to the Mediterranean Sea in the North of 

Africa; its neighbouring countries in the west are Tunisia and Algeria, while Egypt is 

located to the east and the Sudan, Chad, and Niger to the North. (See figure 1). 

Furthermore, the coastal plains are located on the northern Mediterranean coast that 

includes the Jabal-al-Akhdar in the east and the Jabal-Nafusah in the west. According 

to FAO of the United Nations report in 2016, the population of Libya was around 6.3 

million in 2015 with more than 20% of these living in rural areas. Approximately 85% 

of the population is living in or around Libya’s two biggest cities (i.e. Tripoli and 

Benghazi), while remaining population is scattered in central and southern Libya (FAO, 

2011). Libya has a total area of around 1.76 million km² but productive land only 

coversapproximately2% with the most productive land located in the Jebel Akhdar as 

well as in the Jafara region. While approximately 40%of Libya’s farmers work full time 

and 90% of the farms in Libya are less than 20 ha and about 1 % more than 100 ha. 

According to Allafi (2014), the proposed objective of the Gadaffi government was to 

reposition the country in a post-oil economy hence the increased government spending 

in improving agricultural sector. 

 
Figure 19: Location of Libya 
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This study is focused on cased study in Libyan context because case study approach 

helps to determined how political, social, cultural, motivational, technological, 

government, financial, and environmental challenges influenced the agriculture sector 

in the Libyan context. Under the Gadaffi leadership in Libya, the country witnessed 

different developments in urban and rural areas such as building infrastructure, banks, 

schools, health facilities and increased agricultural activities (Aridah, 2016; Allafi, 

2014; Abuarosha, 2013). In the Jafara region, the government had invested for the 

purpose of improving socio-economic development (Allan et al., 2015). Additionally, 

the Gadaffi government was also directed at reducing importation of food and 

agricultural products by 2030 in Libya. Although Libya has extensive oil reserves, but 

political and violent conflict have negatively influenced the agriculture sector and its 

trade activities (Park & Carolina, 2016; Aridah, 2016; Abuarosha, 2013). It has been 

found that the level of food import increased within and after civil war (Falola & 

Achberger, 2013). 

 

3.1. Libya background to the agricultural sector and agricultural production: 
Libya was among Africa’s richest countries before the civil war and is one of the few 

oil producing countries in the under developed continent (Aridah, 2016; Abuarosha, 

2013). Although the agricultural sector is one of the main sectors in Libya but land 

cultivation has decreased due to low level support of Libyan government in civil war 

as well as closure of local markets for agriculture production trade (Park & Carolina, 

2016; Abuarosha, 2013; Kumati, 2008). Many Libyan governments have initiated 

programs aimed at enhancing agricultural production, improving living standards, 

building new infrastructure and improving socio-economic development for arid land 

through expansion of market opportunities (FAO, 2011). However, the Libyan 

political, civil war, financial, environmental and climate, technological and the 

Agricultural Bank challenges are negatively influenced the agriculture production 

among rural areas in Libya (Park & Carolina, 2016; Aridah, 2016; Allafi, 2014). For 

example, the operational and financial capacity of the Agricultural Bank could not 

successful to offer agriculture credit to farmers in rural areas in Libya. 

Some of the rural areas in Libya is dependent on rainfed agriculture but due to climate 

change and global warming the agriculture production from rainfed agriculture has 

been decreased in rural areas. The one of the main reasons of dependence on rainfed 

agriculture is that farmers have not enough financial resources to purchase agriculture 

inputs and cultivate their lands. While the agricultural sector is the main source of 

income among most rural areas of North Africa but it has been documented that 

agricultural employment opportunities have decreased in those areas due to global 

warming and climate changes (Hove et al., 2013; Tacoli et al., 2015; UNECA, 

2009).Consequently, agricultural productivity is low and people may be trapped into 

food insecurity and poverty for decades among the African countries (UNECA, 

2009).Furthermore, this UNECA report is also indicated that due to lower level of 

agricultural production, farmers are not motivated to take deep interest in cultivation of 

fields because their profit margin is very low. 

3.2. Jafara background, agricultural sector and the issues facing farmers: 

The Jafara region is situated between 10 - 50 km to the south-west of Tripoli city. A 

previous study has highlighted that Jafara region is covered an area of approximately 
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1940 kilometers ("Jafara District"). The capital city of the Jafara is Aziziya whereas 

Jabal-al-Gharbi is situated in the south, Tarhuna in the east, and Zawiya in the west 

(See the figure 2). The Jafara region is one of the main areas of irrigated agriculture in 

Libya producing olives, oranges, watermelon, dates and vegetables such as potato, 

onion and livestock products. It has access to the largest three markets in the West of 

Libya (i.e. Qasr Bin Ghashir, Al-Sawani Al-Krimieh and Al-Zahra) which sell both 

local and imported agricultural products. However, many farming families in the area 

are still unable to cultivate their land and gain enough income from their food.  

 

Since 2011, the region has been hit hard by the civil war in Libya resulting from the 

Arab Spring revolutions. This has caused widespread destruction of infrastructure and 

affected the agricultural production as well as the income level of rural households with 

many families being displaced from the region. There are many challenges that are 

facing by the farmers in the region such as lack of ground water for fields, agriculture 

credit on high interest rates in private market, low level of trade activities in local 

markets due to violent conflict, and lack of agriculture technologies such as tractor other 

advanced technologies. In this paper with the farmers survey and interviews find out 

the main challenges facing farmers that were (1) water facilities (2) Financial support 

that will explain widely in the next section.  

 

Figure 20: Location of Jafara region 

4. Results and analysis: 
Present study summarized most serious agricultural challenges are a lack of financial 

support and lack of water supplies which negatively influenced the sustainable 

agriculture development in Libya. Will be discussed the main agriculture challenges in 

the next section. 

Al-

Azizia 
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4.1. Financial support: 

A farmer from the Qasr Bin Ghashir zonehas stated about the role of the 

Agricultural Bank for agriculture credit: 

I have applied for agricultural credit, but I could get the loan from the 

Agricultural Bank. The bank has said to me that the government has not 

enough fund and farmers were unable to return the previous loans due to 

civil war. I have frustrated and left this occupation. Now I am working as a 

driver in a freight car.   

The basic objective of the Agricultural Bank is to provide lower interest-based loans 

for purchasing latest agricultural technology and upgrade the water resources. The table 

2 indicated that how many farmers are applied for agriculture credit; how many farmers 

have received agriculture credit from the Agricultural Bank; how many loans 

applications are pending and rejected.  For example, 25 respondents have told that they 

applied for agriculture credit in the Agricultural Bank in Jafara region. Out of 25 

farmers, 6 farmers are successfully received the agriculture loan while 19 respondents 

have revealed that their applications are rejected by the Agricultural Bank. 

Furthermore, they also revealed that their applications are complete and valid, but the 

bank has lower level of available funds. Findings revealed only 2.4-percent respondents 

agreed that they have trust in the process of granting agriculture loans. Finally, 12-

percent of respondents have said that they avoided applying agriculture loan due to the 

high interest of the Agricultural Bank loans.  Interviews reveal that the farmers are 

suffering due to lack of financial support and violent war in Jafara region. In addition, 

these respondents have recommended that the Agricultural Bank should expand the 

long-term loans as well as provision of agricultural loans periodically based on the 

lower level of interest so that they can achieve higher level of agricultural production. 

In interview session, these farmers reported that the small group of farmers who have 

personal relationship or reference were received loans from the bank and other state-

owned institutions. 
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Table 2: Financial support: 

 
4.2. Water facilities:  

Many respondents have given following point of view regarding water supplied 

for their agriculture land:  

“We are worried because the level of water has been declined above 300 

meters under the land surface”. We have not enough financial support from 

the Agricultural Bank and the Libyan government. As a result, we are unable 

to produce the maximum agriculture production. (13 participants) 

Three farmers have given following point of view  

“We have submitted applications regarding the agricultural credit for water 

supplies. However, the Agricultural Bank did not respond on our submitted 

applications. As a result, our applications are pending from approximately two 

year’’.  

Most of the interviewees have highlighted that the level of the water is gradually 

declining from the level of 300 meters under the agricultural land. 44.6-percent of 

participants have stated that they are suffering from water issues in region. Furthermore, 
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this arid land requires a higher level of cost for pipes and drillings to access the ground 

water. On the other hand, 19.2-percent of respondents have left agriculture sector due 

to insufficient irrigation such as canal and rainfall. Only 3 respondents have believed 

that canal system is producing enough quantity of water in the region. Finally, 2.4-

percent of respondents stated that the Libyan government has supported for water 

supplies. 

 

 Table 3: Water facilities  

 
 
4.3 The role of the Agricultural Bank: 

In this study, the focus was on the opinions of farmers to understand the role of the 

Agricultural Bank in supporting agricultural development in the region. The result 

indicated that the Bank provided various agricultural loans (long-, medium-, and short-

term) to farmers with financial benefits and the benefits were not interesting for the 

majority of farmers. These loans were in services shape to support the prices of some 

agricultural tools and supplies subsidising livestock feed prices as well as prices to 

support submersible water pumps, etc. The Majority of farmers referred that the loans 

provided by the bank were not sufficient for support farmers and SAD and that the bank 

was failed to support farming communities in the region. However, farmers have 

suffered further agricultural challenges in the region. As a result of the agricultural 

challenges facing farmers in the region, the bank stopped granting loans after the “Arab 
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Spring” in 2011, as a result of the financial crisis and fragile political situation of the 

Libyan government. However, political stability and the economic growth of the state 

should help the Agricultural Bank in this regard. However, the majority of respondents 

stated that the potential role of the Agricultural Bank is to work with stakeholders and 

the Libyan government to amend agricultural and banking plans and policies with more 

effectively support by expanding the disbursement of agricultural loans and grants and 

reactivating agricultural cooperatives to support sustainable agricultural development 

in the region and rural areas of Libya. 

5. Discussion and conclusion: 
Previous literature shows that agriculture is the main activity for rural communities 

(Tacoli et al., 2015; Hove et al., 2013). The study is focused on sustainable agricultural 

development in rural areas in the context of a developing country’. Furthermore, the 

Jafara region of Libya is one of those zones where the farmers are facing agricultural 

sustainability challenges. By analyzing these challenges, policymakers and others from 

the Ministry of Agriculture and the Agricultural Bank can maximize the level of 

agricultural support to reduce the level of poverty among farmers.  Findings reveal that 

agricultural productivity and income level have declined and poverty increased due to 

lack of financial resources as well as enough water unavailability in the region. 

Agriculture loan is a main financial resource to purchase tractors, water pumps, 

agricultural seeds, fertilizer and uninterrupted electricity system, construction of water 

facilitator (i.e. Tube-well and canals system). Respondents reveal that the Agricultural 

Bank has not financial resources because it is government-owned bank and the Libyan 

government has a lack of financial resources due to the violent conflict. Findings have 

revealed that the Agricultural Bank has failed to play its role and farmers are unsatisfied 

the way Libyan Agricultural Bank is performing its functions for long-term 

sustainability of the agriculture sector. Furthermore, it has been found that the Bank is 

unable to provide low interest rate loans for purchasing equipment and other 

agricultural technologies. Ineffective role of Agricultural Bank and political instability 

are the major reasons that negatively influence the administrative role of the Bank for 

enhancing support to sustainable development goals (Abuarosha, 2013; Allafi, 2014; 

Aridah).  

Furthermore, these studies have also confirmed that improper irrigation arrangements, 

poor administration and role of the Agricultural Bank, lower level of adoption of 

agriculture equipment and delays in agricultural technology have decreased the level of 

productivity and sustainability in the context of Libya. This study concluded there are 

different types of funding that can be considered by the agricultural banking system. In 

this research, different capabilities that are lacking in the region have been discussed. 

The main challenges that are being faced by farmers are a lack of financial support and 

suffering in accessing water resources. Along with this, the farmers are not being given 

training or learning material for better management of crops. The infrastructure is 

another issue, which needs to be considered by the Agricultural Bank and Libya 

government. Also, through farmer interviews, it turns out that human capital has its 

own importance, which is being ignored by the Libya government. Therefore, human 

capital and different resource should be managed by the officials for better management 

of infrastructure for the agricultural sector in rural areas. Therefore, farmers are 
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recommended that expand long-term agricultural loans without interest, microfinance 

initiatives for technologies & irrigation facilities and reactivating the role of the 

Agricultural cooperatives for up-gradation of an irrigation system can create significant 

transformation in agriculture sector in Libya. It is recommended that the Libyan 

government has to provide enough financial funds to the agriculture sector so that it can 

address the issues of agriculture credit and water availability, especially in the Jafara 

region. 
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Appendix 1: Conference programme 

Virtual International Conference on 

Aligning Local Interventions with the UN Sustainable 

Developments Goals (SDGs)  
 

Organised by the Institute of Energy and Sustainable Development, De Montfort 

University, Leicester, UK 

 

2nd July 2020 

De Montfort University, Leicester LE1 9BH 

 

 

Programme for the 2nd of July 2020 
 

Opening session  

 

 

9.30-9.35 AM Welcome by Prof. Subhes Bhattacharyya 

 

 

9.35 – 10.00 Keynote speech by Mr. Rohit Sen,  Towards 100% Renewables in Cities 

and Regions, Head, Climate & Energy Action, ICLEI World Secretariat, Bonn, 

Germany. 

 

10.00 – 10.30 Question and Answers  

 

 

10.30- 11.00 Tea break 
 

Session 1: 11.00 to 12.00  

SDGs and the climate action in cities  
Session Chair: Dr. Andrew Mitchell, IESD  

 

11.00 – 11.10 Can green infrastructure development in cities be equitable? An eclectic 

review of Dundee City’s electric vehicles strategy by Ayodele Asekomeh, Obindah 

Gershon, Smith I. Azubuike (to be presented by Dr. Ayodele Asekomeh, Robert 

Gordon University, Aberdeen) 
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11.15 - 11.25 Integration of Sustainable Development Goals in climate action plans in 

the city of Glasgow, Abdulrahman Alajmi and Leticia Ozawa-Meida, DMU (to be 

presented by Dr. Leticia Ozawa-Meida) 

 

11.30 – 11.40 One-Stop-Shop for Deep Renovation: Examples of Local Interventions 

in residential sector in achieving SDG 7.3, Brijesh Mainali and Krushna Mahapatra, 

Built Environment and Energy Technology, Linnaeus University, Växjö, Sweden (to 

be presented by Dr. Brijesh Mainali) 

  

11.40-12.00 Question Answers 

 

 

Lunch Break 12.00 – 12.30  
 

 

Session 2: 12.30 – 13.30  
Urban Built Environment and the SDGs  
 

Session Chair: Prof. Mark Lemon, IESD 

 

12.30 – 12.40: A Practice Perspective on Social Value in the Built Environment: 

Aligning Planning, Design, the Client, Contractor, and Sub-contractor Placemaking 

Interventions in the Midlands, UK, Ani Raiden and Andrew King, Nottingham Trent 

University (to be presented by Dr. Andrew King) 

 

12.45-12.55: The new barriers to developing a fairer society: Are Food Banks 

contributing to the vicious circle that is widening the poverty gaps in our cities and 

communities, Errol Hemans, Nottingham Trent University (to be presented by Mr. 

Errol Hemans) 

 

13.00 – 13.10 How to properly plan and implement SDG 11 to make sustainable cities 

meet their real purpose? Ling Tian and Zili Wang (to be presented by Ms Ling Tian of 

IESD, DMU) 

  

13.10 – 13.30 Question and Answers 

 

 

Tea Break 13.30 – 14.00  
 

Session 3: 14.00 – 15.00  
Energy Interventions and the SDGs 
Session Chair: Dr. Rupert Gammon 
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14.00 –14.10:  Evaluating the potential of sustainable energy in small and medium-

sized enterprises: Accelerating the energy transition in communities in Global South, 

Justin Udie, Muhammad Usman Mazhar, Victor Udeozor, Peter Betiang, Subhes 

Bhattacharyya (to be presented by Dr. Justin Udie, Nottingham Trent University) 

 

14.15-14.25 A case for a new approach in theorizing and operationalisation of resilience 

for electrical systems in developing countries, Francis Mujjuni, Loughborough 

University (to be presented by Mr. Francis Mujjuni) 

 

14.30-14.40 Minimising the Electricity Interruptions Using Artificial Intelligence and 

Demand Side Management Approach to Achieve SDGs, Ali A. A. Alarbi, Richard 

Blanchard, Dani Strickland (to be presented by Ali A A Alarbi of Loughborough 

University) 

 

14.40- 15.00 Questions and Answers 

 

Tea Break 15.00 – 15.15  
 

Session 4: 15.15 – 16.15  
Water, Agriculture and the SDGs 
Session Chair: Dr. Abhishek Tiwary 

 

15.15 – 15.25: Pathway to accessible and sustainable clean water to communities in 

developing economies through a collaborative support model: A case study in 

Sustainable Development Goal (SDG) 6, Ramani Priyadarshani Gallellalage, Ovinda 

Wijeyarathne, and Bandula Senadeera of Nottingham Trent University (to be presented 

by Dr. Ramani Priyadarshani Gallellalage) 

 

15.30-15.40 Impact of Implementing Renewable Energy in Power Distribution and 

Agriculture on Achievement of Sustainable Development Goals (SDGs) in Africa: 

Case Study of Northern Nigeria, Muhammad. H Yadudu, Paul Rowley, Richard E 

Blanchard, Loughborough University (to be presented by Muhammad H Yadudu) 

 

15.45-15.55: The Role of Agricultural Banks and Sustainable Agricultural 

Development: Evidence from a Farming Community in Libya, Abdurahman Hamed, 

IESD, DMU (to be presented by Abdurahman Hamed) 

 

Q/A session 15.55 – 16.15  

 

Closing remarks by Prof. Subhes Bhattacharyya 
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Appendix 2: List of participants 
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Ani Raiden Nandi Mbazima 
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Ashley Morton Ozal Tasli 
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Bandula Pamela 
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Christina Francis Rehama 

Codina Dusoiu Richard Blanchard 

Daniel P Rohit Sen 
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Fiona Doyle Smith 
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Hikima Jewu Tana Lascu 

Hossein Kamalpoor  

Jackie  

Jarrel Richard  
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Jordan Dimitrov  

Julian Fleischmann  
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