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Innovating for low-carbon energy through hydropower: Enabling a conservation 

charity’s transition to a low-carbon community 

 

Abstract 

For an organisation to become a low-carbon community, delivering a range of sustainability 

initiatives is necessary. Renewable energy (RE) initiatives offering a source of low-carbon 

electricity to offset an organisation’s energy needs, fit with this objective. This paper 

examines the role of innovation in achieving low-carbon energy in the National Trust (NT), a 

conservation charity and the largest landowner in the UK. It considers how an eco-design 

approach to delivering innovative RE projects, specifically hydropower (HP) installations, 

has supported their transition to a low-carbon community. Three HP projects delivered on 

time and within budget were examined; support for each was built through transparent and 

regular communications with the NT’s membership. Despite limited resources and funding 

for innovation, the NT minimised the associated risk through effective management and 

external collaboration. It fostered an open environment for creativity and idea sharing, which 

was key to delivering the RE projects. Innovation was particularly evident in the HP 

initiatives explored, as eco-design considerations informed new and innovative design 

choices and technology selection as each HP project was designed and constructed. 

Transitioning to a low-carbon community is an achievable reality for a conservation charity, 

and this is enabled through the management of innovation to deliver solutions that meet the 

low-carbon energy challenge. 

 

Keywords: renewable energy; hydropower; innovation audit; low-carbon community; eco-

design. 

 

INTRODUCTION 

The push to achieve a low-carbon society and to reduce greenhouse gas (GHG) emissions is 

driven by recent international agreements such as COP21 (UNFCCC, 2015). However, the 

success of sustainability initiatives is dependent on stakeholder engagement and support from 

the bottom-up or at a local level (Zhang et al., 2013, Middlemiss and Parrish, 2010). 

Providing evidence of local learning is key to successful low-carbon community success 

stories (Heiskanen et al., 2015). This paper explores the primary question: how has a 

systematic approach to the management of innovation aided in the delivery of low-carbon 

energy through renewable energy (RE) projects? The corresponding purpose is to explore the 

role of innovation in transitioning to a low-carbon community. Taking a case study approach, 

we explore how a charity managed a programme of investment in innovation in renewable 

energy to generate low-carbon electricity. 

  Renewable energy (RE) is central to the global response to climate change and a sustainable 

future (Reilly, 2013). As a sustainability initiative, RE can aid the production of low-carbon 

energy and reduce GHG emissions. The potential for RE to support a low-carbon society on a 

global scale is reflected in a recent IRENA (2016) roadmap report. At a national level and 

enabled by national energy policy frameworks, the UK has tripled the contribution of RE to 

electricity demands in recent years (DECC, 2016). A top-down approach addressing low-

carbon sustainability in China has led to a 5% reduction in energy consumption (Jiang et al., 

2013). At an organisational level, some organisations have put sustainable development plans 

in place to achieve low-carbon energy and help reduce energy future demands (NT, 2014b).  
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  Hydropower (HP) is the most mature form of RE and generates 16% of current global 

electricity demands (REN21, 2014). It is a key RE source to achieve long-term low-carbon 

energy and to help meet GHG emission targets (Kumar et al., 2011). Most large-scale HP 

projects have been exploited in the developed world and attention has now focused on small 

and micro-scale installations (EUREC, 2009). There is significant potential for increased 

capacity at these scales (IEA, 2012), with Bódis et al. (2014) highlighting 28,000 unexploited 

sites in Europe alone, equating to 7.35 TWh of electricity generation and potentially 

offsetting 2.96 Mt of CO2 emissions (Gallagher et al., 2015). However, the same study 

identified opportunities to adopt low-carbon design to reduce the environmental impacts of 

developing these projects through the adoption of eco-design. The combination of 

technological advancements, savings from lean product manufacturing and government 

incentivisation are some of the key factors that have driven continued investment in the sector 

(IRENA, 2015). 

  Previous research has demonstrated the higher material contribution in RE technologies in 

comparison to conventional fossil fuel generation systems (Hertwich et al., 2015, Kleijn et 

al., 2011), therefore consider alternative materials and design can improve the performance of 

these low-carbon technologies. The application of eco-design, driven by the EC Directive 

2009/125/EC (EC, 2009), can support this goal to reduce resource demands and the attributed 

environmental impacts by considering the ‘anthropogenic and ecological values’ in the early 

stages of the design process (Shu-Yang et al., 2004). Eco-design challenges the integration of 

economic cost and environmental impact perspectives during the product development 

process and throughout its life cycle, thus benefiting the viability of RE technologies. Eco-

design is an important step in the transition to a circular economy (EC, 2015), as Gallagher et 

al. (2018) identify its role for enhancing the environmental performance of RE technology 

over several iterations of a systems life cycle. 

  The successful implementation of RE is also dependent on changing community behaviour 

and practices (Moloney et al., 2010, Jiang et al., 2013). It is this challenge which is at the 

heart of this paper. The establishment of a conservation land ownership movement predates 

today’s interest in low-carbon communities (Croft, 2004). Charitable donations have 

influenced the ability of voluntary bodies to acquire land, some with a specific focus on trees 

and wild land with others focused on outdoor recreation. In this way, volunteers are central to 

environmental preservation: “The work of conservation volunteers has reflected the 

environmental concerns over the years focusing on the management of nature reserves in the 

1960s, the response to changes brought about by modern agricultural techniques in the 

1970s, the protection of the urban environment in the 1980s and…in the 1990s, the need to 

integrate economic, environmental and social issues, especially at the local level” (Turner et 

al., 2001). 

 

INNOVATING IN A SYSTEMATIC WAY 

A systematic approach to innovation in the water-energy sector has a critical role in 

deploying economically viable technology (Gebauer and Saul, 2014). Where HP projects are 

a key part of an organisation’s sustainability programme, managing innovation can help 

achieve success within economic constraints (Molle et al., 2005). So, what do we understand 

from previous research as a systematic approach to innovation? First, we define briefly the 

scope of innovation management before exploring the challenges of design driven open 

innovation and systematic design methods. 
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Innovation management 

Rogers (1995) defined an innovation as “an idea, a product or process, system or device that 

is perceived to be new to an individual, a group of people or firms, an industrial sector or a 

society as a whole”. Viewing innovation as a process has the potential both to provide a 

framework for helping managers to assess, benchmark and improve this area (Chiesa et al., 

1996). As a process, innovation can be managed both strategically and operationally. 

Strategic innovation occurs when a company “identifies gaps in the industry positioning map, 

decides to fill them, and the gaps grow to become the new mass market” (Markides, 1997). 

Operationally, innovation requires the management of technical, design, manufacturing, 

management and commercial activities involved in realising a new or improved product, 

manufacturing process or equipment (Freeman, 1994). Yet, it is important to consider how 

the process of innovation management is measured to ensure a fair comparison of 

performance and generating relevant benchmarks (Adams et al., 2006). 

  The management of innovation can be explored within the strategic niche management 

space, as innovation can evolve over time and can be co-developed between stakeholders 

(Schot and Geels, 2008). Within such a characterisation of innovation, and considering the 

approach of strategic niche management, there are many choices and emphases open to 

managers in organisations. Three merit consideration here: to engage in open or closed 

innovation; to be pulled by user requirements or to be pushed by a vision about possible 

product meanings; to be systematic in design. 

 

Open Innovation  

“To understand the principles of open innovation, it is important first to know the 

fundamentals of closed innovation” (Grönlund et al., 2010). In a closed innovation model, the 

innovation process takes place within the firm. In contrast, in the open model, both inteRernal 

and external ideas and capabilities are of use (Chesbrough, 2003). The main benefits of open 

innovation include an opportunity to create a more innovative culture through continued 

exposure and relationships with external innovators (Docherty, 2006, Grönlund et al., 2010). 

Here, though, Ollila and Elmquist (2011) identified managerial challenges associated with 

open innovation at the interface among partner organisations, in relation to the motivation for 

collaboration among the partner organizations and to collaboration within teams. They link 

their empirical insights to collaborative innovation, “where several stakeholders with 

different cultures, structures and management systems join forces in activities related to 

strategic innovation”. 

 

Design driven innovation  

In his seminal piece, Verganti (2008) distinguishes between market-pull, technology-push 

and design-driven innovation. He defines design-driven innovation as “pushed by a firm’s 

vision about possible new product meanings and languages that could diffuse in society”. In 

design-driven innovation, the innovation starts “from the comprehension of subtle and 

unspoken dynamics in sociocultural models and results in proposing radically new meanings 

and languages that often imply a change in sociocultural regimes”. To manage such an 

innovation approach requires a capability to understand, anticipate, propose, and influence 

the emergence of new meanings in conjunction with a distributed network of actors. The 
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process is networked, extends beyond the firm boundaries, is based on knowledge sharing 

and includes action to influence the sociocultural regime. 

  There is evidence of design-driven innovation with the adoption of eco-design 

considerations to deliver sustainable products and services in SMEs (Klewitz and Hansen, 

2014) with the rise of new business models that consider climate change and other key 

environmental challenges at the core of their organisation (Jabbour et al., 2015). Furthermore, 

eco-design is evident in companies that are driven be innovation, as it is fundamental in 

technology development and operations of businesses in the future (Santolaria et al., 2011). 

 

Systematic design  

Increasingly, today’s innovation process uses structured approaches including structured 

design methods (Fernandes et al., 2009). Leenders et al. (2007) characterised systematic 

design methods according to four underlying principles: hierarchical decomposition, 

systematic variation, satisficing, and discursiveness. They noted that “The principles have 

evolved through their effectiveness in solving NPD problems by NPD professionals and NPD 

teams and form the basis of the integrated techniques that are common today”. From their 

study, they suggested that that systematic design methods “should be most useful for 

situations in which moderate levels of team creativity are required”. 

 

Conclusion and proposed framework  

The review of selected literature on innovation management suggests that the use of open 

innovation, design-driven innovation and systematic design methods are relevant to 

innovation-based performance. To guide our exploration of how a systematic approach to the 

management of innovation impacted a conservation charity in its transition to a low-carbon 

community, a theoretical framework is presented in Figure 1. This framework is based upon 

the conceptualisation by Rip (2012) of a multi-level model of ‘niches’ as technological 

developments, ‘socio-technical regimes’ as rules for further technology development, and 

‘landscapes’ as a context of opportunities and constraints. Here, the niche is the low-carbon 

energy projects, in the form of RE installations, undertaken by the conservation charity 

within which innovation takes place. Technological niche development is only considered to 

succeed where stakeholders invest time into nurturing an innovation, and the iterative 

development of RE projects within an organisational structure with rules can provide a 

platform for learning and improvements (Schot and Geels, 2007). The use of open 

innovation, design-driven innovation and systematic design methods conservation charity 

represents the regime through which the innovation journey is undertaken. Here, eco-design 

is a form of design driven innovation, but it requires the space for ideas to emerge from 

stakeholder collaboration over time. Finally, the landscape of the low-carbon is ‘the slowly 

changing backdrop against which interactions are played out’ (Rip, 2012) and includes 

concerns for renewable and low-carbon energy, energy efficiency and recycling/re-use of 

resources as the conservation charity transitions to a low-carbon community. 

 

RESEARCH DESIGN 

This paper explores the primary question: how has a systematic approach to the management 

of innovation aided in the delivery of low-carbon energy through RE projects? The 

corresponding purpose is to explore the role of innovation in transitioning to a low-carbon 
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community. To explore the primary question, case research is undertaken to capture the 

approach to achieving sustainability goals and a low-carbon community. 

  Case studies can be used for different types of research purpose such as exploration, theory 

building, theory testing and theory extension/refinement (Voss, 2009). Leonard-Barton 

(1990) describes a case study as “a history of a past or current phenomenon, drawn from 

multiple sources of evidence. It can include data from direct observation and systematic 

interviewing as well as from public and private archives. In fact, any fact relevant to the 

stream of events describing the phenomenon is a potential datum in a case study, since 

context is important”. A suitable case organisation for an in-depth low-carbon energy case 

study has an agenda for low-carbon energy and embraces RE projects to achieve its goal. 

  The National Trust (NT), a conservation charity, was selected as an organisation where this 

challenge was particularly relevant and from which much could be learned. “The origins of 

the land owning conservation charity in Britain arguably start with the National Trust, 

established in London in 1895, with powers to hold land throughout the British Isles” (Croft, 

2004). The NT met the criteria for an organisation that was actively implementing new 

technologies and strategies to achieve low-carbon energy and a low-carbon future. Its plan 

was to consider climate change in all of its decisions, through management plans from a 

micro to a macro level (NT, 2014a). In 2013, the NT launched a £3.5 million pilot Renewable 

Energy Investment (REI) Programme to develop five RE projects, including HP installations. 

Due to the success of the programme, a more ambitious plan was put in place in 2015 with 

£30 million committed for investment to deliver 60 RE projects, predominantly renewable 

heat and HP (NT, 2015a). This evolution demonstrates a commitment to transitioning to a 

low-carbon community. 

 

DATA COLLECTION 

 In this paper, an in-depth case study is developed. The starting point is the research question 

and framework. The exploration of the approach to the management of innovation merits 

consideration of an audit. 

  There are several reasons for considering an audit to collect data in this case. Many 

innovation audits have a natural focus on the developmental phases (Hallgren, 2009), and 

here it is anticipated that the development of RE solutions will go through specific phases. 

Many audits have an underlying process model which may indicate the degree to which the 

constituent processes are systematic in implementation. Again, it is of interest to have a 

means to generate evidence of a systematic approach. There are some candidates for 

consideration.  

Innovation management models or tools be used as a basis for a generic set of innovation 

management measurement areas to act as a framework for balanced measurement (Adams et 

al., 2006). Hallgren (2009) critiqued existing innovation audits in an attempt to propose an 

approach suited to improving high-involvement innovation. Nilsson and Ritzén (2014) 

identified ‘illustrative examples’ of innovation management models. They noted that 

“although these frameworks differ in their design and content, some commonalities exist 

around key enablers based on studies in highly innovative companies”.  

  Singularly common among the models reviewed in the above three studies is that by Chiesa 

et al. (1996). The model presents the managerial processes and organisational mechanisms 

through which innovation is carried out. Underlying this model is the proposition that 

innovation success depends, in part, upon good practice in relevant management processes. 
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The model identifies core and enabling processes, the outcome from which is innovation 

performance. Adams et al. (2006) noted that this tool overlaid core processes of innovation 

with a set of enabling processes applicable to ‘hard’ innovations. It facilitated evaluation of 

resource provision, leadership and the use of systems and tools. The process audit focuses on 

the degree to which best practice innovation sub-processes are implemented effectively. The 

process audit is complemented by a performance audit to focus on the outcomes of 

innovation processes and the impact on competitiveness. Chiesa et al. (1996) developed this 

audit for application in all manufacturing firms. In testing of the audit, they explored the 

usefulness and usability in these firms, categorised by Pavitt (1991) according to 

technological trajectory. One of these categories was “specialised supplier” engaged in key 

strategic task of finding and maintaining a specific niche. This audit has been used in 

subsequent research (de Weerd-Nederhof and Fisscher, 2003, Yam et al., 2004, Hallgren, 

2009, Nilsson and Ritzén, 2014). Finally, this audit has been used as a basis for 400+ major 

field project by undergraduate students “to support, in so far as is realistic, the process of 

organizational and strategic development in the firms in which projects are undertaken” 

(Coughlan and Graham, 2009). 

  We selected and adapted the Chiesa et al. (1996) model to fit with a focus on innovation 

management in NT as a specialised supplier for delivering low-carbon energy, as illustrated 

in Figure 2. The five core processes are as follows:  

 Idea generation concerns identifying user needs and matching them with technological 

capabilities to explore new or to enhance existing low-carbon energy systems. 

 System development concerns how new low-carbon energy concepts are taken from 

development through to launch. 

 Process innovation includes generating, implementing and improving low-carbon 

energy through energy delivery innovations. 

 Market focus concerns monitoring and linking user and community expectations; 

planning and communicating with users and communities, and measuring performance. 

 Finally, technology acquisition involves monitoring, selecting and acquiring low-

carbon energy technologies, developing new or improved technologies, and exploiting 

technical knowledge. 

  These core processes of innovation are enabled by the following: 

 Leadership concerns how management sets innovation goals and priorities, champions 

the organisational efforts to achieve ‘best practice’, sets and maintains a climate for 

innovation. 

 Through resourcing, management ensures that sufficient, appropriate organisational 

and financial resources are available. 

 Through use of appropriate systems and tools, there is support for the innovation 

process and communication between those involved. 

  Finally, the core and enabling processes result in innovation performance, which in turn 

leads to low-carbon energy through hydropower as a source of RE. 

 

Innovation scorecard 

Based on the work by Voss et al. (1993) and adopted by Chiesa et al. (1996), an innovation 

audit was undertaken. Consisting of innovation self-assessment scorecards, the audit included 

the provision of supporting evidence and examples of changes in the NT that may have 
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impacted the scorecard results. The scorecards distinguished among four levels of practice in 

each process area, consistent with the following characterisations: 

 innovation is not managed or encouraged, 

 basic procedures, management and motivation are in place, 

 innovation is managed and encouraged as a key objective for the firm, 

 ‘world class’ innovation performance. 

  In total, three NT staff contributed towards the data collection process for this paper. Two 

senior NT Wales Environmental Advisors were the key informants, while a third NT staff 

member (a Senior Project Manager) provided further archival data as supporting evidence of 

innovation management for the RE projects. 

  The two Environmental Advisors had worked with NT Wales part of the organisation since 

before 2010. These informants from NT Wales represents a region, i.e. Wales, of NT’s work 

across the UK, and from here onwards both ‘NT’ and ‘NT Wales’ are used either in relation 

the organisational or regional evidence discussion, respectively. They were closely involved 

in facilitating the organisation to innovate in meeting its sustainability goals, developing 

different RE projects including the HP installations examined in this study. They provided 

prime sources of data: completing a self-audit using the innovation scorecards; providing 

semi-structured interviews and organisational reports; and, through several follow-up 

communications, clarifying or providing missing information. The range of data sources 

provided insights into the broader low-carbon energy goal for the NT and the specific role of 

HP projects in supporting this objective. As a set, the scorecards provided an overview of the 

NT’s strengths and weaknesses in innovation management. The semi-structured interviews 

identified the characteristics and performance of these processes. 

  The innovation self-audit was used to capture the performance of NT Wales over a five-year 

period. The results provided by the two Environmental Advisors included (i) retrospective 

baseline scores were provided for 2010, a milestone year for the NT when it published its 

first low-carbon energy report (NT, 2010); and (ii) contemporary 2015 scores demonstrated 

the role innovation played in delivering organisational low-carbon energy. 

  The interview protocol was based upon the self-assessment scorecards, which provided a 

framework to understand the project practice and performance in relation to best practice. A 

variety of RE project-related documents provided background and corroborating details to 

prepare for the semi-structured interviews, which took place on-site in Wales to gather 

information specifically related to the growing low-carbon energy portfolio, and specifically 

the HP projects installed by NT Wales. This field component to the research enabled a 

broader appreciation of the physical context in which the HP projects were located. 

  Interview notes were typed up immediately to maximise recall, and it facilitated follow-up 

communications to fill data gaps from the interviews. One of the two NT advisors 

subsequently provided additional documentary data in relation to themes emerging during the 

interview. 

 

CASE OVERVIEW 

The National Trust 

The National Trust (NT) is the largest landowner in the UK with responsibility of managing 

approximately 250,000 hectares. The organisation characterises itself as a conservation 

charity. As such, the NT is responsible for protecting heritage sites and areas of ‘outstanding 
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natural beauty’ across the country (NT, 2016). This responsibility requires substantial energy 

requirements. They are shifting away from fossil fuel sources of heat and power for the 

hundreds of historic buildings that they manage and maintain which costs several million 

each year (NT, 2016). In 2010, the NT ‘grow your own’ energy report set targets to reduce 

energy demands by 50% by 2020 (NT, 2010). This strategy was established to secure the 

future vision ‘For ever, for everyone.’ Subsequently, the NT has delivered low-carbon energy 

innovations, including the development of an impressive RE portfolio (Blades, 2009). 

 

Developing HP projects 

As part of the overall NT low-carbon energy strategy, NT Wales constructed three HP 

projects between 2011 and 2015, each of which were examined as RE case studies for this 

research (Figure 3). Overlaps in the development of these HP projects are evident. They 

provide a means of local low-carbon energy for two neighbouring NT Wales farms. 

  The three case studies were: the 650 kW Hafod y Llan hydro (HP.1) and the 17 kW Gorsen 

hydro (HP.2) at the Hafod y Llan farm; and the 100 kW Hafod y Porth hydro (HP.3) on the 

nearby Hafod y Porth farm. The three projects were constructed in Snowdonia, a national 

park in north Wales. Despite differences in installation sizes and the specific stakeholders 

involved in each project, several key individuals were involved in at least two of the three 

projects. 

  The 650 kW HP.1 installation was the largest HP project undertaken by NT Wales. Located 

at the Hafod y Llan farm, the HP installation was constructed on the Afon (river) Cwm Llan 

(a sterile river in a copper mining area). It has been in operation since April 2014, with a 2.0 

GWh per annum capacity. The challenges associated with this project included the remote 

location of the weir, situating the powerhouse, and minimising the environmental impacts 

during construction. Identifying contractors and suppliers, and processing licences and 

planning delayed the project feasibility review. 

  The small 17 kW HP.2 project was also located on the Hafod y Llan farm. This project saw 

the reintroduction of a HP turbine in the Gorsen stream (the first installation dated back to 

1892). It now generates 45-50 MWh per year and, as it was a small-scale project, a single 

company acted as contractor and turbine provider. The contractor provided a low-cost micro-

HP system, utilised the original weir and constructed a basic powerhouse. The construction 

process was relatively fast due to the simpler design, however delays due to gaining a grid 

connection delayed the project. 

  Lastly, the 100 kW HP.3 project was located on the Afon y Cwm (river) at the nearby Hafod 

y Porth farm. The installation has been operational since October 2014, generating 400-500 

MWh per annum. This installation followed the others as one of the REI pilot projects. The 

project was delivered much faster than its predecessors as innovative construction and turbine 

concepts were applied from what was learned from the previous HP projects. The feasibility 

and grid connection stages of the project were streamlined, and project construction 

progressed without delay, making HP.3 cost effective at its scale. 

 

CASE ANALYSIS 

Using the innovation scorecards, the performance of NT Wales is examined. Throughout, the 

attribution of this performance is generally to National Trust, within which NT Wales 

operates. The scorecards capture the innovation processes, enablers and outcomes. They also 

provide evidence from a range of energy saving strategies as well as RE development, with a 
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specific focus on HP installations. Scorecard results were combined from the scores provided 

by the two senior environmental advisors. The results presented in Figure 4 include the range 

of results in each category pre-2010 and 2015. In all process areas, the 2015 scores exceeded 

those for 2010, evidence of a system-wide improvement in innovation management. The 

discussion in each section analyses the stimuli for these improvements. 

 

Core Processes of innovation 

Idea generation 

Historically in the NT, innovation has been a driver for achieving low-carbon energy. 

Improvements were evident in the scores for all three sub-processes (from a 1-2 to a 2-3 

range) relating to idea generation for reducing energy use. The improvements demonstrated 

the success of the NT in generating new concepts for different technologies with external 

stakeholders (e.g. marine source heat pump, HP, solar PV, LED lighting). The driver for 

inventiveness and creativity included NT staff being “given the freedom to follow an idea”. 

A marginal improvement in planning also occurred, but this improvement was limited due to 

restrictions in risk taking. Risk was overcome through co-generating design concepts and co-

developing products, where the developer accepted the associated risk. The NT also built a 

trust-based working relationship with HP providers over multiple projects: the same turbine 

manufacturers in HP.2 and HP.3; and same contractors in HP.1 and HP.3. 

 

System development 

Based on the RE ideas co-generated in HP.1 and HP.2 that related to eco-design concepts 

being incorporated into the design of HP.3, the delivery and implementation of a modular 

turbine and precast concrete weir sections were evident in the final installation. This success 

was built on teamwork and organisation between the NT and HP developers and is reflected 

in a shift in scorecard results from a 1-3 to 3-4 range, with improvements in all related sub-

processes. These innovations helped reduce project costs and accelerate the construction 

process. By adopting a stage-gate-like project management framework (PMF) (Figure 5) 

“much more rigour” was ensured and helped to minimise risk for the NT. However, the PMF 

restricted direct innovation investment as the “process sometimes [became] increasingly 

onerous”. Fortunately, the NT staff worked closely with manufacturers and contractors, to 

allow them to share ownership of component development and this “has now become the 

norm”. The PMF structure in place in the NT and the space for open innovation between all 

the stakeholders was fundamental to the freedom for design driven innovation to take place 

and for eco-design considerations to be included in HP.3. 

 

Innovation in delivery 

Delivering process innovation between 2010 and 2015 to reduce energy use was evident. The 

effectiveness in implementation of these innovations and continuous improvement is notable 

scorecard range increases from 1-3 to 3-4. The implementation of RE technologies accounted 

for a small part of project delivery process (e.g. “marine source heat pump delivery in 12 

weeks, after 3 years of planning”). However, experience allowed for subsequent management 

of multiple RE projects simultaneously. 

  As the NT gained experience for HP installations, the process of innovation helped deliver 

faster and cheaper HP projects and managing innovation became simpler. Co-developing the 

modular turbine and precast concrete sections from concept to reality took time initially, and 
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the benefit was realised in HP.3 based on the working relationship developed from the prior 

projects. Furthermore, that relationship, the organisational structure and the PMF that 

developed for managing these HP projects allowed the NT to reflect systematically on 

previous experiences and, so, improve continuously. 

 

Acquisition of technology 

NT expanded its network for collaboration as reflected in the improvements from 1-3 to 2-4 

range scores. Over the five years, delivering low-carbon energy and low-carbon solutions 

became key objectives for the organisation. The experienced NT staff connected with “trade 

bodies and R&D groups” leading to the notable improvements in sourcing technologies. 

Improvements in the NT’s strategy for acquiring technology was “based on need” and 

creating a suitable environment in the organisation for technology acquisition through “more 

collaboration” and “open source” solutions helped the NT to gain momentum in achieving 

low-carbon energy. 

  The role of the NT’s environmental advisors included networking, developing links and 

collaboration. This role was evident through the collaboration in the turbine selection and 

design for HP.3. In addition, the openness of the NT with external organisations in delivering 

the HP projects led to a modular, low-carbon design – an eco-design approach to turbine 

system design – presented financial and environmental benefits. Eco-design was evident for 

HP.2 and HP.3 as modular and low-cost turbines were selected. In addition, the use of a 

precast concrete weir also provided cost savings, minimised waste material and reduced 

environmental pollution risks in the river. The use of local materials – wood and slate – and 

hiring local product manufacturers and contractors minimised the project transport emissions 

footprint. A modular turbine design introduced flexibility for future system maintenance and 

retrofits, as well as an allowance for cost-effective remanufacturing and refurbishment of 

components e.g. turbine runner blades. The success of the HP projects as part of a larger REI 

programme, and delivering them in an environmentally conscious manner, led to a shift from 

the NT sourcing of new technology to fit their needs to external providers presenting suitable 

technologies to the NT. 

 

Market focus 

NT focused on maintaining the link with ‘growing that nation’s love with special places’. The 

most significant positive improvement made by the NT was in market analysis and 

monitoring, with score ranges increasing from 1-2 to 2-4. They focused on understanding 

membership views of energy from “AGM questions on energy for the last 5 years”. This 

focus demonstrates the NT’s perception of its importance to the community. Further 

communication initiatives were evident through their award-winning blog and dedicated 

“communications and benefits team for energy work”. This had a knock-on benefit in 

reaching visitors and members and relevance to visitors and members: NT “share as they 

learn” while maintaining their core objective to “grow the nation’s love with special places”. 

  The three HP installations have been well documented and openly shared by the NT. To 

understand the impact, the NT analysed readership of the blogs and other social media 

outlets, leading to national broadcasts for HP.1. The evidence indicates that members and 

visitors support the direction the NT has taken since 2010, including the HP projects, as they 

understand the goal of low-carbon energy even for a conservation charity. 
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Enablers 

Leadership 

The introduction of low-carbon energy as a priority for the NT has driven a significant 

change in the climate and the leadership processes for achieving innovation. This is evident 

in the scorecard results increasing from 1-2 to 1-4 ranges. NT is aware of innovation and, 

through active collaborations, is “allowing innovation to flourish” with the “support of 

trustees, executive teams and regional management”. Within the NT, processes relating to 

leadership “have become much more structured”, which provides distinct staff roles in NT 

and allows more scope for innovation. Improvements in innovation goals have been less 

evident as the focus of the NT remains on conservation. However, a “better understanding” 

of this focus has been achieved. 

  The success of the three HP installations has been driven by leaders in the NT who opened 

the doors to innovation through collaboration to achieve low-carbon energy. The expansion 

and creation of NT teams to deal specifically with this challenge, and the systems put in place 

(e.g. PMF) provided structured support for RE projects. In the event, natural leaders emerged 

within the NT and the willingness of the organisation to trust in these staff members led to 

support for innovation adoption in achieving the low-carbon energy goal. 

 

Resourcing 

Of all categories, enabling resources for innovation in the NT demonstrated only a negligible 

improvement for human resources and funding evident in the scorecard results from a 1-2 to 

a 1-3 between pre-2010 and 2015 ranges. However, as a conservation charity, resourcing 

innovation is being achieved through co-development with external organisations so enabling 

the NT “to stick to the basics”. This emphasis reflects how the organisation pitches for 

funding: aligning its emphasis “with the wider charity aims and purpose” where innovation 

is not the goal but “can be a part of that goal”. 

 

Systems and tools 

The NT monitored quality assurance using ISO14001 and has led to a scorecard 

improvement from a 1-3 to 2-4 range. However, the “measurement of quality is not really 

seen in terms of energy development” and performance improvements are only captured in 

relation to the entire NT. Current “performance indicators” may not capture innovation in 

the systems and tools adopted by the NT. Tools to share information across the NT have led 

to small improvements for the organisation. The systems in place focus on training 

“upskilling of staff, sharing the good and bad lessons” and this suggests a recognition that 

NT staff enable progress. 

  The use of the HP projects for training purposes was evident both in the NT and for external 

organisations. In addition, the tools and systems in place at the NT were shared openly with 

others to help develop HP installations. The role of the PMF was also to act as a tool to gather 

this information, while simultaneously providing quality assurance during the stages of 

project development. 

 

Outcome 

Impact statement 

For the NT, the organisation has moved forward since 2010 for measurement and goals and 

innovation performance with scorecards ranges improving from 1-2 to 2-3 for each sub-
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process. In the words of the NT, to achieve low-carbon energy “the goals are kept simple”. 

Innovation has played a role in achieving this goal for the NT “however it is not the 

measure”. The impact made by the NT through delivering the range of low-carbon energy 

strategies translated as a 37% reduction in baseline energy demands and generating 53% of 

this demand through RE sources: an impressive feat in five years. 

  Low-carbon energy on the two farms in north Wales were delivered through the 

development of the three HP projects outlined in this paper. They complement other RE 

technologies at these sites to provide a better mix of RE sources and reduce the demand for 

grid electricity. In relation to their impact, their ability to generate electricity meets the 

project goal and their continued generation provides a measure of their success. Design-

driven innovation is evident in how the HP projects were delivered, as eco-design was 

incorporated into the development of HP.3 based on learning from earlier projects, through a 

space for open innovation and system development. Yet to the NT community, the capacity 

to generate electricity is presented as the headline for the projects. 

 

DISCUSSION 

This paper explores the primary research question: how has a systematic approach to the 

management of innovation aided in the delivery of low-carbon energy through RE projects? 

The empirical focus has been on three HP projects in the NT, a conservation charity. These 

projects aim to reduce future risks associated with increasing energy prices and enabling the 

NT to continue serving its main function i.e. conservation. Towards a response to this 

question, we revisit the evidence of delivery of hydropower through the adoption of eco-

design. We then reflect on the evidence of engagement in open or closed innovation, of being 

pulled by user requirements or to be pushed by a vision about possible product meanings, and 

of being increasingly systematic in design. 

 

Open or closed innovation 

NTW exhibited clear characteristics of an open model: both internal and external ideas and 

capabilities were of use (Chesbrough, 2003). 

 Internally, the commitment of the NT to invest a further £30 million in RE projects 

(NT, 2015a) demonstrates its continuing belief in low-carbon energy. However, this 

success has only been achieved through a level of trust from board members in their 

energy team i.e. trust within the NT (Gundry et al., 2016). This trust has built up 

through the delivery of RE and energy saving projects on time, within budget and with 

evident support of the NT community (staff and the public). This has led to the growth 

of the RE team with dedicated roles to help support sustainability goals in the 

organisation. 

 Externally, public support is particularly evident in the improving market focus, as the 

NT has increased feedback to board members and dissemination of its experiences in 

delivering RE projects to the general public. Furthermore, the sharpness of this market 

focus improvement is based upon analysis and monitoring, and a better understanding 

of its energy demands and performance.  

 Externally, the NT adopted innovative construction techniques in the form of eco-

design solutions, such as low-cost, modular turbines, in turn achieving low-carbon 

installations. The NT approached this niche innovation in a unique, yet strategic 

manner: few improvements occurred internally within the NT regime with regards 
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resources, funding and systems for delivering low-carbon energy measures. Rather, the 

successful delivery of ideas for innovations, developed within the NT between 2010 

and 2015, was due to new external collaboration and sourcing of innovative, eco-design 

driven technology from elsewhere in the regime informed from the landscape. This 

approach reduced the risk associated with the projects and demonstrated how the 

organisation adopted a strategic niche management structure (Schot and Geels, 2007), 

to ensure innovation was incorporated in the process but did not inhibit the successful 

development of the HP installations.  

These achievements extend the model of trust within organisations, proposed by Gundry et 

al. (2016) to include external organisations. 

 

Design driven innovation 

For National Trust, protecting the environment is a strategic priority that comes with a price 

tag estimated at £103 million in 2014/15 (NT, 2015b). The 2010 Energy: Grow Your Own 

report promoted an ambitious 2020 target of 50% reduction in fossil fuel use for the NT, and 

this is evident through the three cases presented (NT, 2010). The cases show how front-line 

staff have supported innovation in low-carbon energy, while achieving innovation through 

adopting eco-design measures in project delivery, under a programme which was reinforced 

by top-down investment. This is particularly evident in the design considerations for HP.3 

which was informed by learning from the two previous HP projects. This demonstrated 

design driven innovation which has reduced the environmental burdens associated with the 

installation. In summary, these measures included:  

 Modular turbines: providing a low-cost design which reduces raw materials demands. 

 Pre-cast concrete weir and intake sections: faster installation in ecologically-sensitive 

site. It can reduce the quantity of waste materials in comparison to in-situ casting. 

 Wooden powerhouse structure: using an alternative and abundant low-carbon material 

for the powerhouse building reduces the environmental footprint of the structure. It 

allows for much faster construction, and due to its lighter loading requires a smaller 

foundation, saving concrete requirements for the building. 

 Local slate roof as opposed to aluminium sheets: using local materials reduces transport 

demands for materials and replacement of aluminium with slate reduces the total 

environmental burdens of the powerhouse structure.  

  As with Verganti (2008), this innovation at the NT was “pushed by a firm’s vision about 

possible new product meanings and languages that could diffuse in society”. In design-driven 

innovation, the innovation starts “from the comprehension of subtle and unspoken dynamics 

in sociocultural models and results in proposing radically new meanings and languages that 

often imply a change in sociocultural regimes”. To manage such an innovative approach the 

NT developed and applied its capability to understand, anticipate, propose, and influence the 

emergence of a new meanings for the innovative technology: it was promoted to the public 

and broader stakeholder base as a commitment to low-carbon energy. The process by which 

this new design driven innovation evolved, in the form of incorporating eco-design solutions 

in the development of the HP installations, involved a network of suppliers who appreciated 

and contributed to the action to influence the transitioning of the NT to a low-carbon 

community. In addition to innovation management, this study provides evidence of multi-
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level protected spaces, rules for further development of RE technology, and landscapes (Rip, 

2012) in a conservation charity. 

 

More or less systematic 

The RE projects fit both with the operational needs of the NT and with the public perception 

of its responsibility. The projects are part of the low-carbon energy measures being 

implemented systematically on the NT properties across the UK. This approach fits with the 

market focus of the organisation and ensures that finances can be directed towards 

conservation, the main priority of the NT. The collaboration between HP stakeholders and 

iterative learning managed by the NT stage-gate approach to project development, allowed 

for eco-design considerations to achieve design driven innovation in these projects. 

  Analysis and monitoring has informed the support from Trust board and regular members 

for this prioritisation. So, innovating for low-carbon energy in the NT has been enabled 

through more effective leadership and has been supported through systematic processes and a 

more suitable climate. Furthermore, introducing a low-carbon energy strategy has clarified 

the market focus, and innovation has flourished to meet these needs while more systematic 

analysis and monitoring has ensured a better understanding and reporting of energy demands. 

In addition, the collection of energy use data validates the move towards systematic impact 

evaluation of the transition to a low-carbon community. 

 

CONCLUSIONS 

Delivering innovation to achieve low-carbon energy is perceived as a priority for many 

organisations. The construction of RE projects, such as hydropower installations, are part of a 

renewable energy investment programme at the National Trust, a conservation charity, 

advancing it on its journey a low-carbon community. This study applies and extends the 

conceptualisation of an innovation journey (Rip, 2012) to the conservation charity space. 

Here, in its niche, the conservation charity undertakes innovation for low-carbon energy 

projects in the form of hydropower installations. The charity is characterised by its mission, 

stakeholders and profile. In collaboration with its stakeholders, the systematic use by the 

conservation charity of open innovation and design-driven innovation to deliver eco-design 

through its projects defines the niche and regime through which the innovation journey is 

undertaken. As evident by the third hydropower installation, eco-design reduced the time 

taken to deliver the project and flexibility in future operation and maintenance was 

considered in its design, which translates as economic and environmental savings for the 

organisation (Gallagher et al., 2015). Finally, the realisation of low-carbon energy is against 

‘the slowly-changing backdrop...’ (or landscape) ‘…against which interactions are played 

out’ (Rip, 2012) and delivers renewable and low-carbon energy outcomes. The National Trust 

has expanded its renewable energy delivery team in recent years. Revisiting and expanding 

the niche over an extended time span and against the continually changing landscape will 

provide further insights into the development and diffusion of the regime. 
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