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Abstract 
The development of renewable energy technology provides an effective 
approach to replace fossil fuels for greenhouse gas (GHG) emission. 
Technological innovation and transfer are the main driving forces in promoting 
renewable energy usage, because of the better efficiency and economic payback 
under an emission reduction target. With three of the mechanisms of emission 
trading originating from the Kyoto Protocol, the most wildly accepted and 
important mechanism between developed and developing countries is the Clean 
Development Mechanism (CDM). The CDM has been implemented contributing 
the most of the carbon trading credits. In this study, by extracting and building 
an exclusive database of issued Chinese CDM projects, a modified multivariable 
logistic regression model for technology transfer’s correlation test with 11 
extended indicators was investigated for the first time. Renewable energy 
projects were analyzed with certified emission reduction (CER) sizes, economic 
development, and geographic scopes. 

In addition, technological innovation should also be enhanced with new business 
developments to demonstrate and scale up technologies for better economic and 
environmental performances. This doctoral thesis studied photovoltaic water 
pumping (PVWP) technology as a technological solution for integration with the 
new business model for development and co-benefits. The integration of PVWP 
with water saving irrigation techniques and sustainable management of water 
resources, leads to technical innovations, economic benefits, and environmental 
benefits. Field measurements at a pilot PVWP system in Inner Mongolia were 
conducted with detailed economic performance analyses. Different scenarios for 
PVWP systems considering variant market incentives were proposed with 
internal rate of return (IRR), and discounted payback period analyses to develop 
a new business model approach for implementing PVWP systems with multi-
value propositions. The environmental externalities were successfully addressed 
by evaluating the CO2 emission reduction credits. The economic assessment of 
feasible and optimal production processes for implementing PVWP systems in 
dairy milk production was conducted with self-supplied energy and forage 
assumptions. In comparison with other financing mechanisms, discrete choice 
model analyses were employed with in-depth interviews and costumer behaviour 
surveys to explore the willingness to purchase through crowdfunding 
mechanisms in financing integrated PVWP systems. 
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The results showed that emission reduction mechanisms, such as CDM, have 
promoted the renewable energy development in China with the national 
incentives at an entrance level. Yet, the limited sizes and lower income from 
CERs of renewable energy projects than other projects, required renewable 
energy projects to develop more advanced technological innovations and 
business model innovations.  The PVWP systems represent the better technical 
and economic solutions under a feasible innovated business model in comparison 
with traditional photovoltaic (PV) systems and current PV business models. The 
dairy farms with integrated PVWP systems and self-sufficient feeds could 
improve their investment performance through extra energy saving and CO2 
emission reductions. The semi-structured interviews and customer surveys’ 
results showed that target customers can tolerate high prices, and are willing to 
crowdfunding dairy milk due to milk quality, nutritious improvement, emission 
reduction, and environmental benefits by the integrated PVWP system. The 
results from the PVWP technology integration in China as a specific PV 
application! study can be further applied for the business model innovation of 
renewable energy systems in other regions of the world under emission reduction 
targets leading to economic and environmental benefits. !
!
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Sammanfattning 
Utvecklingen av förnybar energiteknik ger ett effektivt sätt att ersätta fossila 
bränslen och minska växthusgaser. Tekniska övergångar och innovationer är 
kritiska för bättre effektivitet och ekonomisk återbetalning av förnybara 
energiprojekt inom ett utsläppsminskningsmål. Med tre mekanismer för handel 
med utsläppsrätter härstammande från Kyoto-protokollet, har den viktigaste 
mekanismen mellan utvecklade länder och utvecklingsländer, Clean 
Development Mechanism (CDM), implementerats och bidragit mest till handel 
med kolutsläppsrätter. I denna studie har man genom att extraktion och 
uppbyggnad av en exklusiv databas av utfärdade kinesiska CDM-projekt, för 
första gången kunnat undersöka en modifierad multivariabel logistisk 
regressionsmodell för tekniköverföringens korrelationstest med utökade 11 
indikatorer. Förnybara energiprojekt analyserades med omfattning av Certified 
Emission Reduction (CER, certifierad utsläppsminskning), ekonomisk 
utveckling och geografiska omfång. 

Teknologisk innovation ska dessutom förbättras med ny affärsutveckling för att 
demonstrera och skala upp teknologin för bättre ekonomisk och miljömässig 
prestanda. Den här doktorsavhandlingen undersöker 
solcellsvattenpumpteknologi (PVWP) som en teknisk lösning för integrerad 
utveckling av nya affärsmodeller med gemensamma fördelar. Integreringen av 
PVWP med vattenbesparande bevattningsteknik och hållbar förvaltning av 
vattenresurser leder till tekniska innovationer, ekonomiska fördelar och 
klimatfördelar. Fältmätningar vid ett pilot-PVWP-system i Inre Mongoliet 
genomfördes med detaljerade ekonomiska resultatanalyser. Olika scenarier för 
PVWP-system som beaktar variantmarknadsincitament föreslås med internräntor 
och analys av diskonterade återbetalningsperioder för att utveckla en ny 
affärsmodell för implementering av PVWP-system med flervärdesförslag. 
Miljökontexten behandlades framgångsrikt genom att utvärdera 
koldioxidutsläppsreduceringskrediterna. Den ekonomiska bedömningen av 
genomförbar och optimal produktionsprocess för implementering av PVWP-
system i mjölkproduktion utfördes med självförsörjande energi- och 
foderuppskattningar. I jämförelse med andra finansieringsmekanismer användes 
diskreta valmodellanalyser i intervjuer och undersökningar av kunders beteende 
för att undersöka villighet att köpa attityd mot folk finansiering av integrerade 
PVWP-system. 

Resultaten visade att utsläppsminskningsmekanismer, som CDM, har främjat 
utvecklingen av förnybar energi i Kina med de nationella incitamenten. Men de 
begränsade storlekarna och mindre CERs inkomster kräver att förnybara 
energiprojekt utvecklar mer avancerade tekniska innovationer och 
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affärsmodellinnovation. PVWP-systemen representerar en bättre teknisk och 
ekonomisk lösning under en genomförbar innovativ affärsmodell i jämförelse 
med traditionella PV-system och nuvarande PV-affärsmodeller. Mjölkgårdarna 
med integrerat PVWP-system och självförsörjning av mat kan förbättra 
investeringsresultatet med extra energibesparing och minskning av 
koldioxidutsläpp. De semistrukturerade intervjuerna och 
kundundersökningsresultaten visade att kunderna har tolerans för högt pris och 
villighet att folk finansierar näringsrik och säker mjölk med 
miljökompensationskaraktärer. Resultaten från PVWP-teknikintegrationen i 
Kina som en fallstudie kan vidare tillämpa affärsmodellinnovation av förnybara 
energisystem i andra regioner i världen, under utsläppsminskningsmål vilket 
leder till ekonomiska och miljömässiga fördelar. 

 

!
Nyckelord: Solcellsvattenpump, Ekonomisk bedömning, Miljövänliga fördelar, 
Affärsmodellinnovation, Fallstudie 
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1 Background 

1.1 Introduction 

Using renewable energy as the alternative energy source to replace fossil fuel is 
one effective way to mitigate climate changes. The development of renewable 
energy technology in recent decades has distinctively advanced the booming of 
the renewable energy market. To better measure and control the greenhouse gas 
(GHG) emission on a national level, the Paris Agreement was signed between 
194 countries after the Kyoto Protocol with specific targets and time schedules to 
implement mitigation actions [1], [2]. Developed countries strengthened their 
existing targets and commitments to meet economy-wide emission targets after 
2020. Mechanisms under the Kyoto Protocol have been used for emission 
reduction collaborations between developed and developing countries. New 
mechanism plans to be published in 2020 under the Paris Agreement have been 
under discussion, particularly in regards to the development of the rules, 
modalities, and procedures established by Article 6, paragraph 4, of the Paris 
Agreement [1].  

Three mechanisms of emission reduction originated from the Kyoto Protocol: 1) 
Joint Implementation (JI); 2) Emission Trading System (ETS); and 3) Clean 
Development Mechanism (CDM). To explore the influence of renewable energy 
systems on emission reduction implementation, we selected one of the emission 
reduction mechanisms – CDM, which is the mechanism allowing the cooperation 
between developed and developing countries. During the study of the most 
accepted mechanism to implement emission-reduction, we discovered that a 
group of uncertainty indicators and that the price of carbon trading may 
influence the project’s renewable energy applications and technological 
innovations [3].  
 
The economic potentialities of the CDM projects remain suppressed for lack of 
effective methods or mechanisms. The methods and applications for promoting 
renewable energy usage have been significantly linked to subsidies guided by 
governmental incentives or actions. To explore and identify more value-added 
and mechanic improvements for better economic and emission reduction 
performance, efforts have been made to develop new and innovative business 
models [4]. Solar energy industry has been gaining considerable attention lately 
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due to its wide usage as an alternative power source and as a low cost producer 
of photovoltaic (PV) cells [5]. By integrating PV into distributed systems, a 
better solution can be offered with potential advantages for reducing power loss 
during grid transport and more efficient matching can be made for local demands. 
Meanwhile, the development of the distributed PV industry needs improvements 
in their business models [6]. PV business models focusing on third-party and 
multi-party ownerships improve the accessibility of lower cost capital, optimizes 
the relevant market incentives, and extends the technological innovations to 
penetrate new products and markets [4].  
 
However, the major issue of the solar power system is how to improve the 
business opportunities by exploring direct and indirect benefits (co-benefits). 
This calls for in-depth study of business value chains and the possibilities to 
integrate PV systems in niche markets for added value generation. New 
innovative business models should be developed with considerations to the 
different factors of various applications and systems.  
 
In this thesis, a specific study was performed on integrating photovoltaic water 
pumping (PVWP) in remote grassland and farmland areas, such as in Inner 
Mongolia in China, covering sustainable management of water resources, with 
technically suitable solutions, economic benefits, and climate mitigation. 

The PVWP system pilot applied in degraded grassland and farmland provides a 
sustainable solution for accessible electricity in remote areas, which makes it 
possible for restoring grassland and at the same time increasing forage and crop 
yields [7], [8]. Furthermore, the harvest of grassland or farmland increases 
farmers’ revenue with living condition improvements. The PVWP system also 
contributes to climate change mitigation with direct economic benefits and 
positive environmental externality [9]. Improved grassland coverage recharges 
groundwater with a higher rate of rainfall and increases carbon sequestration [10]. 
The usage of solar energy for power supply in remote areas and the increased 
yields of grassland or farmland, reduced carbon emissions, positively affecting 
the environment. With the scale-up module of the PVWP system in remote areas, 
enough CO2 emission reduction credits may accumulate, to be measured and 
traded in newly established carbon emission trade exchange or CDMs in China 
[11]. In combination with market incentives, such as feed-in tariff (FIT) of solar 
energy and subsidies for agriculture, the PVWP system may further increase the 
profit with an integrated scale-up system. The use of such systems, in 
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combination with an innovative business model and proper financing methods 
under current market incentives, can lead to a substantial increase in net cash 
flow and public attentions. Therefore, the integrated PVWP system with 
extensive products provides a possible pilot for innovating a new distributed 
photovoltaic (DSPV) business model for the PV industry. Meanwhile, this 
technology application can help to meet sustainable requirements of alternative 
energy usage and food demands.   

 

1.2 Knowledge gaps and challenges 
!
In most work conducted so far, technological innovation and transfer have been 
recognized as driving forces for emphasizing usage of renewable energy. 
However, it is important to further identify what are the major driving forces in 
terms of key economic and technological innovation indicators, especially in 
regards to an integrated business model. Such studies can also be investigated 
with emission reduction targets in a country, for example in China, with 
considerable geographical differences, macro policies, and incentives. Thus a 
renewable business model can be shaped. 
 
To achieve GHG emission mitigation, mechanisms were established by the 
United Nation Framework Convention on Climate Change (UNFCCC) under 
global agreements (Kyoto Protocol, Paris Agreement) for countries and 
stakeholders to better stimulate sustainable development and emission reductions. 
As one of the most accepted and feasible mechanisms to implement emission-
reduction, CDM under the Kyoto Protocol, allowed cooperation between 
developed (Annex I) and developing (non-Annex I) countries for climate change 
mitigation. The purpose of the CDM is to realize emission reductions by 
transferring or innovating technologies from the developed countries to 
developing countries for a lower marginal cost, but with extensive ecological 
benefits. While in reality, inefficient systems and corresponding economic losses 
still occur due to the inadequacy of system integration with the proper business 
model and environment. Therefore, the following research question was raised: 
how can the economic performances and technological innovation 
developments of renewable energy projects be influenced under an emission 
reduction target (Q1)? 
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To better employ the technology, business models of renewable energy systems 
have been studied for over 20 years worldwide [12] including the use of solar PV 
[13]. Recently, the technological improvements and reductions of costs of PV 
modules have stimulated the development of PV systems, including both 
distributed and large applications [14]. PVWP is a typical renewable energy 
system with technological innovations and integration of different applications, 
such as irrigation and grass/farming land improvement. Most of the studies are 
focused on technology development and cost-benefit analysis of PVWP systems. 
However, different conditions (scenarios) of the PVWP applications can result in 
different performances by different measures. Therefore, the second research 
question in this thesis is: how do different renewable energy business models 
affect economic performance under different scenarios of PVWP systems 
(Q2)? 
 

It becomes more complicated when PVWP systems are further connected to 
other value gaining businesses such as forage supply or dairy production. The 
crucial aspect that needs to be investigated is the value proposition in production 
processes. The assessment of the most suitable and profitable agricultural crops 
with extending products for implementing PVWP systems needs to be 
investigated. The optimization of a PVWP system should include extra economic 
revenues, energy saving and environmental co-benefits related to the forage 
supply chain in dairy production. The third research question is thus: how do 
PVWP system influence the economic performance and energy cost in 
production processes of a new business sector, for example, feed and milk 
production processes (Q3)? 

 

Moreover, few studies have been conducted on the implementation of PVWP 
systems by introducing new financing mechanisms, such as crowdfunding. This 
issue is associated with the fourth research question: under the incentives and 
the new business model, will the reward-based crowdfunding financing 
mechanism be accepted by potential investors in an integrated PVWP 
system (Q4)?  
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1.3 Scope and objectives 
!
The overall scope of this thesis is to assess an innovative business model with 
economic performance, emission reduction, and financing suitability of the 
integrated PVWP system in China. This PVWP application could be used as a 
potential solution for further value-added renewable energy applications with a 
CO2 emission reduction target.   

Corresponding to the above-listed research questions, the specific objectives 
include the following:  

Objective 1:  To provide a better understanding of economic performance, 
technical innovation, and emission reduction in renewable energy 
projects, and their influential indicators by quantitative regression 
analysis of practical emission reduction mechanisms in China.   

Objective 2:  To propose a specific renewable energy system with 
technological innovation: an integrated PVWP system with an 
improved business model that takes into consideration the payback 
period, internal rate of return, and return on investment (ROI) with 
market incentives of four PVWP scenarios.  

Objective 3:  To identify the most suitable and optimal portfolios of an 
integrated PVWP system with dairy farm production processes, to 
provide water and energy for the irrigation of pastures and dairy farms 
in remote areas, analyzing direct benefits and the environmental co-
benefits. 

Objective 4: To evaluate target investors’ behaviours and willingness-to-pay 
for a sustainable milk product through crowdfunding the integrated 
PVWP system with pasture planting and dairy milk production.  

In this doctoral thesis, China is used as a case study for the innovative business 
model. Nevertheless, methodologies applied and results achieved can be 
considered as possible solutions and replicated in other countries with similar 
demands and purposes. 
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The relationships between research questions, objectives, thesis organization, 
and relevant appended papers in this thesis are shown in Figure 1. 

!

!
Figure 1. Relationships between research questions and appended papers. 

 
 
 
 
 
 
 
 

!
!
!
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1.4 Contributions to knowledge 
 

Corresponding to the appended papers, the main contributions of this doctoral 
thesis consist of:  

! Developing an exclusive integrated framework to design, analyze, and 
improve renewable energy systems with business model innovation and 
technological innovations under the emission reduction target. Analyzing 
and using the collection of practical PV application studies for improving 
integrated PVWP systems with the use of technological innovation, 
business model innovation, production processes, and financing 
mechanisms.  
 

! Building 754 exclusively issued Chinese CDM projects database, by 
extracting data originating from the Project Design Document (PDD) files. 
Developing a modified logistic regression model for technology transfer’s 
correlation test with extended indicators. A comprehensive analysis was 
given for renewable energy projects with economic attributes, market 
incentives in China. 

!    Providing a detailed economic performance analysis of different scenarios 
for PVWP systems considering variant market incentives. Developing a 
new business model approach for implementing PVWP systems with dairy 
farm production in the Chinese grassland. Special consideration was given 
to matching between water and energy supply of a PVWP system for 
pasture fostering and dairy farm operation. 

!    Providing qualitative and quantitative analyses with discrete choice models 
of the potential investors for crowdfunding a sustainable milk product with 
the PVWP system. Developing modified binary and ordered probit 
regression models with multiple indicators to investigate factors affecting 
the investment decisions and the willingness-to-pay for reward-based 
crowdfunding projects. 
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2 Literature reviews  
This chapter provides a literature review of previous studies conducted on the 
following topics: carbon emission reduction trading mechanisms and technology 
improvement of renewable energy in China, business models of renewable 
energy systems, business models and financing mechanisms of distributed PV 
systems in China, and PVWP for grassland rehabilitation and farmland 
conservation. Current research gaps in the field of integrated PVWP systems are 
summarized at the end of the chapter.  

2.1 Emission reduction: status quo and measures  
 
Continuous deterioration of the environment, due to global warming and GHG 
emissions has drawn global research attention to reducing carbon emissions 
since 1980s [15], [16], [17], [18]. To alleviate the rising pressure, major 
countries have been seeking counter-measures for environmental improvement 
as well as social and economic development. During decades of development, 
the United Nations Framework Convention on Climate Change (UNFCCC), 
Kyoto Protocol, Copenhagen Accord, and most recently, the Paris Agreement 
have been proposed for international cooperation to reach emission reduction 
targets.  
 
As the largest carbon emission country and as one of 194 countries participated 
in Paris agreement, China has the most pressure to reduce its carbon emission 
[19]. To alleviate this pressure, a series of measures have been processed to 
mitigate carbon emissions, such as the promotion of renewable energy to replace 
fossil fuel usage, policies and administrative regulations for energy-saving and 
emissions reduction, including carbon taxes and carbon market [15], [20]. 
Considering 99% of GHG emissions come from CO2 [21], mitigating the carbon 
dioxide emissions is the main target for policymakers.  
 
The Chinese government has formulated long-term plans (National Climate 
Change Program) with relevant climate policies (Policies and Measures to 
Address Climate Change) and regulations, to gradually achieve the carbon 
emission reduction target [22-24]. They promised to reduce its emissions by 
60%–65% by 2030, relative to the levels in 2005 [25]. To achieve this target, 
China has made efforts to reduce the intensity of carbon emissions through 
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different levels of cooperation and mechanisms, enhancing energy efficiency 
with technology improvement, and developing renewable energy as clean energy 
[26].  
 
The Kyoto Protocol has launched three flexible mechanisms to implement 
emission-reduction: Emission Trading Scheme (EU ETS), Joint Implementation 
(JI), and clean development mechanism (CDM) [27]. The European Union 
Emission Trading Scheme (EU ETS) has worked as the biggest emission trading 
market since 2005, while China launched its pilot ETS in seven provinces and 
cities in 2014 and establish its national ETS in the end of 2017 [28]. CDM 
allows China to cooperate with other countries and has been the most widely 
accepted and implemented mechanism to achieve emission-reduction in China 
since 2007 at firm level [29]. China has certified 90 million tCO2e as a 
cumulative emission reduction in 2015-2020 in its pilot ETS, with the majority 
being “pre-CDM” projects [30]. While in CDM, China annually issued 187 
million tCO2e as CERs through CDM projects during 2007-2012. Dominating 61% 
of total registered CDM projects globally, the CDM is a critical financing 
component for emission reduction in China. The high price of a CER credit 
($8/tCO2e) can increase the total income of a project by trading the CERs in the 
local ETS platform or via a CDM as co-benefit realization, which makes the 
project much more appealing to investors [31]. Thus, it is a crucial to study the 
CDM as a widely and long-term accepted emission reduction mechanism and be 
a reference for China’s ETS future development. 

The accelerated technological progresses act as the driving forces in reducing 
CO2 emissions and strengthening the firm's competitiveness, who is involved in 
emission trading [32]. In the energy consumption of fossil and non-fossil fuels, 
technological improvements may reduce the marginal cost of energy 
consumption and the cost to deploy emission reductions in the long term. 
Besides, technological improvement is correlated with growth rate and economic 
capability, which enhances the synergy between different indicators [33]. For 
example, in CDMs the importance of the technology transfer has long been 
reinforced in both UNFCCC provisions (Article 4.1; 4.3; 4.5) and in the Kyoto 
Protocol (Article 10; 11.2) [27, 34]. One of the purposes for the CDM is to 
facilitate clean technology transfer to the developing countries, which should 
allow the CDM host countries to benefit from more emission reductions through 
more efficient processes [35].  
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In spite of successful efforts in the diffusion of renewable energy usage, there are 
remarkable gaps between achievements and plans. Beyond the technological 
issues, in developing renewable energy as an alternative power supply to fossil 
fuels, China is faced with the challenge of reaching both economic and 
environmental sustainable development goals simultaneously [36]. The 
manufacturers or companies are rational and willing to maximize their profits. 
The rather high cost to employ renewable energy hinders the industries from 
choosing low carbon emission energy as their supply of power. Most of the 
renewable energy plants rely on government subsidies and tax reductions, for 
both large scale and distributed systems [37]. Thus, it is crucial to develop a 
more effective business model to increase profit for the renewable energy 
industry to achieve the emission reduction target.   

!

2.2 Business models and their innovations in 
renewable energy 

The business model analysis is a valuable approach for analyzing renewable 
energy systems and optimizing management in research and practice [38]. 
Business models have been widely discussed and accepted among researchers 
for analyzing firms' organizational and financial architectures for value 
generating and capturing [39], [40], [41]. Osterwalder and Pigneur defined the 
business model as “the rationale of how an organization creates, delivers, and 
captures value” [42]. This definition has been often applied in renewable energy 
researches and tested in practice [43] [38]. Osterwalder’s theory states that a 
business model is composed of a product, customer interface, infrastructure 
management, and financial aspects. The product is the package of products, 
services, and the value proposition the company offers to the market to earn 
revenue. The customer interface includes the customer relationship, customer 
segments, and distribution channels. The infrastructure management describes a 
firm's logistical approach and value creation. The financial aspects define the 
revenue model and the cost analysis [44].  

Richter described the business model innovation as the development of new 
organizational forms for the creation, delivery, and capturing of value [38]. 
Sosna et al. defined the business model innovation as a strategic renewal 
mechanism for organizations dealing with changes in technology or external 
environments for future profit [45]. For energy to be substituted with renewable 
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energy, the technological and business model innovations need to co-evolve with 
policy and relevant regulations [46]. The traditional energy supply business 
model has a simple value proposition: the revenue mainly depends on increasing 
kWh units sold and cost control to remain profitable [47], [48]. However, there is 
less understanding of the retail end of the value chain in the technical and 
business model innovations in the electricity supply markets.  

As Bocken et al. stated, the technological, social, and organizational oriented 
innovations of sustainable business models provide smaller scales of energy 
systems with multi value propositions, including “expand the penetration of 
renewable energy, maximize energy efficiency, accelerate demand management, 
and re-purpose the energy business for society/environment” [47]. Hall et al. 
recognized technological and business model innovations with iterative character, 
pointing out an evolving renewable energy system design, defined as ‘complex 
value business models’. It is composed of values from financial, developmental, 
social and environmental benefits among different stakeholders, across space and 
time, and through several systems [49]. To understand business model 
innovation in the renewable energy field, it is crucial to have system specific 
accounts from literature to empirical cases. This study operates business model 
innovation research in the renewable energy field, focusing on the deployment of 
specific technology (distribution of PVWP systems) with complex value 
analyses.  

!

2.3 Business models and financing mechanisms of 
distributed PV systems in China 

Business models of PV applications have been previously studied from a utility 
perspective [4], [38] as a delivery application for rural electrification [45], [50]. 
As suggested by Frantzis [4], PV business models have evolved through three 
generations: zero, one, and two. The zero generation of the PV business model 
focuses on manufacturing, supplying, and installing PV systems. It is common 
that customers own, finance, and install the PV systems by themselves, relying 
on policy and market regulations. This host-owned PV business model has the 
disadvantage of high upfront and maintenance costs, high risk of poor 
performance of the system, and transaction cost with grid-connection [6]. In the 
first generation of the PV business model, third-party financiers appear as new 
entrants with ownership, installation, engineering, maintenance, and financing 
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services of the PV systems with a broader market. The second PV business 
model merges ownership, operation, and control segments with various 
stakeholders under more technology and regulatory initiatives. The community-
shared (second PV business model) makes it possible for stakeholders to share 
the purchase of a single operating panel and minimizes the financing barrier to 
entry [51]. Few previous research has illustrated the processes of PV business 
models evolving in practical cases or applications with opportunities and 
constraints in a country; nor how the business model will work in different 
contexts or technologies [52]. Huijben analyzed the PV sector in the Netherlands 
with business models of customer-owned, third-party, and community share 
types, which indicated entrepreneurial activities of creating new business models 
may positively accelerate the market growth for adopting PV systems in 
Netherlands [53].  

Financing mechanisms available for PV projects are mainly composed of four 
types: 1) the conventional self-financing with cash or bank loan applied by self-
owners, which is adopted worldwide [51]; 2) the third-party ownership financial 
operation with leasing contracts from third-party investors; 3) the financing 
mechanism is the utility and is through public financing [54]. It is usually local 
governments and municipalities that play a key role in adopting distributed PV 
systems with raising capital through the issuance of bonds or funds; and 4) 
internet-financing with equity or product crowdfunding types. These investment 
funds of PV systems are raised from individual investors via the internet 
platform built by companies [6].  

!

2.4 PV water pumping systems for grassland 
rehabilitation and farmland conservation  

Many studies explored the potential of PVWP systems as a feasible and 
attractive application of renewable energy for irrigation of crops in different 
countries. Kelley et al. reviewed the economic and the technical feasibility of 
PVWP systems for irrigation of specific locations [55]. It showed that there is no 
technological barrier to implement PVWP systems. The limiting factors are land 
availability and cost of PV panels. Site-specific technical feasibility studies on 
PVWP were conducted in Saharan Africa and Sudan [56], [57]. Hamidat et al. 
studied onsite feasibility and presented the electrical and hydraulic performance 
of small-scale PVWP systems for crops in Saharan Africa [56]. Omer explored 
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and concluded that there is a potential usage of PVWP for cattle and farms in 
remote rural areas of Sudan [57]. Kumar and Kandpal assessed the estimation of 
PVWP with maximum utilization potential in India [58]. The results were as 
expected demonstrating increasing use of PVWP, if PV panels lead to further 
cost reduction and increase in income for the farmer. 
 
Maammeur et al. estimated the energy intake of PVWP systems in an agriculture 
farm in Algeria [59]. The techno-economic impacts of PV/wind systems in cattle 
dairy farming was also analyzed for system optimization [60]. Nacer et al. 
performed a feasibility study of PV systems for energy supply in dairy farms in 
Mitidja region (North Algeria). The reviewed studies only focused on the 
modeling of PV modules [61], inverters [62], controllers [63], and PVWP system 
performance with water flow [64] and CO2 emission mitigation potential [65]. 
The works considered were merely energy demands, technical requirements, and 
site-specific aspects; few of them took the study with economic and business 
model evaluations. The locations only included subtropics and tropics locations, 
such as Africa, India, and Sudan, which could not be applied for other less-
radiated locations as general solutions. The overall economic and environmental 
performances were not evaluated. 

In 2011, the Asian Development Bank (ADB) sponsored the research project for 
exploring the implementation of PVWP systems for grassland protection, 
starting with a 2 kWp pilot system in Qinghai province in China [66]. The study 
focused on the technical and economic feasibility of a PVWP system in 
grassland restoration, mitigate soil degradation, and farmland conservation in 
rural areas. The project also analyzed issues relevant with the PVWP systems in 
exploitation of water resources, market and financial incentives, comparison with 
traditional off-grid water pumping systems, and selection of feasible locations 
etc. To identifying the potential size and location for PVWP, a simulation was 
tested with optimization of the incremental increase in benefit and precipitation. 
They concluded that the highest economic performance of a PVWP system could 
be identified with the precipitation of 350-400 mm per year [7].    

After the ADB project, another two pilot projects were built with PVWP systems 
in Inner Mongolia and Xinjiang Provinces. Researches were conducted on the 
PVWP system, including the technical feasibility of a pilot demonstration [7], 
[67], water resource availability [68], ecological impacts [69], [9], and economic 
valuation. Campana et al. analyzed the techno-economic feasibility with water 
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demand consideration in PVWP pilot systems [7], [67]. They conducted the 
comparison between PVWP and wind power water pumping (WPWP) systems, 
especially for irrigation. Xu et al. evaluated irrigation water requirements (IWR) 
during different hydrologic years and the effect on groundwater resources in 
Inner Mongolia [68]. It showed that IWR and water resources are in positive 
balance, which was not affected by PVWP. Gao et al. explored the influences of 
PVWP systems on groundwater table variations in Qinghai and its economic 
performance with crop revenue [71]. The irrigated grassland increased over 200% 
in productivity than the non-irrigated areas, which largely reduced the payback 
period. Yang et al. estimated the CO2 emissions of a PVWP system from a life 
cycle perspective [69]. The life cycle analysis (LCA) method was applied, 
showing that the PVWP could help with increasing carbon sequestration and 
GHG mitigation, when used in irrigated degraded grassland. Olsson et al. 
showed that the PVWP pilot might realize a measurable 7.4 Mg (1 Mg = 1 
metric ton) CO2-equivalents/ha/yr emission reduction as a climate change 
mitigation benefit [9]. The economic performance of integrated PVWP systems 
with alfalfa production has been evaluated under different incentives [70] and 
schemes [72]. The integrated PVWP system with alfalfa production for dairy 
farming has a short payback period with high internal rate of return (IRR) in the 
study [70]. The results showed that the PVWP technology innovation of 
distributed PV systems has great potential for global warming mitigation and 
emission reduction, especially with a proper business model innovation.  

Alfalfa (Medicago sativa) was chosen as the crucial crop in this study, since it is 
the necessary forage for livestock, especially in the diary industry. The studies 
showed that as the alfalfa of feed intake in dairy cows increased, the average 
milk yield and crude protein increased [73], [74]. Also, it was reported that 
China imports over 60% of consumed alfalfa from North America. The study 
also showed there is a need to meet the demands for larger domestic alfalfa 
production [75].   

 

2.5 Summary  
Considering the role of China in achieving targets in global emission reduction, 
it is important to carry out a study in order to provide a better understanding of 
technological innovation and transfer with issued CERs in China. Particular 
emphasis should be made on the correlations between technological innovation 
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transfer and economical/technological indicators in both statistical and logistic 
regression approaches. 

To further explore the renewable energy system with technological and business 
model innovation, we chose distributed PVWP systems as the specific study. 
Most studies conducted focused on the use of PVWP systems for irrigation with 
technic-feasibility, site-feasibility, dynamic matching with water supply, and 
comparisons between PVWP and WPWP systems. Few studies considered the 
economic performance of PVWP systems with different scale sizes. Also, few 
previous studies focused on PV business models with PVWP system applications 
for economic performance evaluation. It shows a lack of scenarios studied 
comparing PVWP systems of various scales, production lines, and financial 
accesses.  

The application of PVWP technology in grassland and farmland preservation in 
China has been conducted for series studies in this doctoral thesis. The previous 
studies merely discussed PVWP feasibility in specific areas with single case 
studies. Little has been investigated on the economic performance with different 
forage crops irrigated by PVWP systems. Not many studies have considered 
profitability of PVWP systems of different scales in relation to different market 
incentives and financing mechanisms. It hinders providing a comprehensive 
analysis of economic optimization of PVWP system application in grassland and 
farmland. The previous study considered the source of PVWP income was from 
FIT and subsidy. There was few integrated economic evaluation or profitability 
studies conducted on PVWP systems with added values of the extension of 
production, and energy supply for farmland in different business models. 

Thus, there is a need to analyze PVWP system suitability with its economic 
performance, including all potential benefits from direct revenue, market 
incentives, and environmental externality. Previous assessments of suitable and 
optimal locations for PVWP systems in China also disregarded some parameters, 
such as size-scales, suitable and potential forages, and the extension of 
production lines with profitable products. The cost and revenue analysis with 
suitable financing mechanisms and business models of PVWP systems in the 
perseverance of grassland and farmland in China are needed for further 
exploration.   
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3 Methodology  

3.1  Overview 
In order to explore the relationship between renewable energy and technological 
innovation with emission reduction targets, we carried out a specific study based 
on a practical emission trading mechanism - CDM, executed in China. Based on 
the definition of three types of technology transfers [76], we identified and 
analyzed 207 of 754 issued CDM projects involved in technological innovation 
transfers in China. Statistical analyses were made according to project types, 
including renewable energy projects, chemical pollution, and fuel substitution. 
The study also used a modified multivariable logistic regression by considering 
the dummy variables and 11 indicators extracted from exclusive databases of 
issued Chinese CDM projects.  

To further investigate technology and business model innovations, the 
applications of PVWP systems were selected as the specific case of the 
renewable technology application. Different scenarios were formulated based on 
combinations of size scales, crops, production process, and market incentives to 
understand the performance in terms of economic characteristics, production 
optimization, and financing mechanisms as shown in Figure 2. 

 
Figure 2. Methodological approaches of PVWP system. 



! !

! MethodologyQ!17!

Field data and experiments were mainly collected and executed in a pilot PVWP 
system project in Inner Mongolia that began in 2010 [70]. The data was used in 
the simulations for analyzing the economic performance of different PVWP 
systems. Furthermore, results gathered in the pilot system with the simulation 
were used in proposing a novel business model with an integrated PVWP system 
and relevant products. The economic assessments of PVWP systems were 
conducted using life cycle cost (LCC) and revenue per ha to compare among 
different scenarios. The net present value (NPV), internal rate of return (IRR), 
and payback period and return on investment (ROI) were used to illustrate the 
payback capacity and profit level. The environmental benefit was measured by 
CO2 emission reduction with calculated carbon credits according to price from 
China Carbon Emission Trade Exchange [77]. 

To investigate the economic assessment of PVWP integration with dairy milk 
production, 11 dairy farm cases were analyzed using the data on energy usage, 
forage consumption, and milk production. By evaluating the diary farm-
production indicators, namely average cost to produce each kilogram of milk, the 
best and worst cases of the 11 dairy farms were identified. Based on PVWP 
systems for power supply for both forage irrigation and dairy farm electricity 
demands, the sizing of the PVWP systems were calculated and optimized by 
using simulation and optimization code OptiCE [www.optice.net (Access Date 
2012/6)]. The crop response to water was calculated by using the FAO crop-
water production function referred to in Paper III. PVWP systems with forage 
and diary product design were developed as a new PV application with a novel 
business model and financing mechanism for policy makers, dairy and farm 
industry, and customers willing to invest.   

 

3.2 Technology innovation and technology transfer 
with logistic regression model 

 
To explore the influence of economic performances and technological innovation 
developments on renewable energy projects in China with emission reduction 
targets, the study established an exclusive comprehensive database of all the 754 
CDM projects with issued CERs since September 2007 (beginning date of 
Chinese CERs), to May 2012. In most previous studies, many important factors 
were not included [78], resulting from the use of second-hand databases [79]. A 
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modified multivariable logistic regression was run in Stata for the first time with 
the dummy variables and 11 indicators extracted from key words searching in 
original PDD files to build up the exclusive database in China. The regression 
model modeled the occurrence of technology transfer in CDM projects as a 
function of 11 indicators including project size, subsidiary, credit-buyer, buyer-
type, population, gross domestic product (GDP) per capita, GDP growth rate, 
technology capability, foreign direct investment (FDI) and export and import 
(XI): 

ln !
!!! = ! = !! + !!!! !"#$% + !!!!! !"#_!"#$ + !!!!! !"#$%&%'() +

!!!!! !"#_!"#$%&'(") + !!!!! !"#_!"#$%&'($)*( +
!!!!! !"#_!"#$%ℎ!"#$ + !!!!! !"#ℎ_!"#"$%&' +
!!!!! !"#_!"#$%&_!"#$%&'()"# + !!!!! !"# + !!!"!!" !" ! + !          (1) 
 
Where, p represents the conditional possibility when the technology transfer 
occurs; z is viewed as a linear function of a vector of explanatory variable set x. 
Maximum likelihood estimate (MLE) 
! ! = !!!"(1 − !!)!!!"!

!!!                                                                              (2) 
 
Then, i denotes the observation (CDM projects) index. !! is a dummy variable 
that takes value 1 if technology transfer occurs in project i. the a0, a1,… was 
estimated by MLE and the corresponding t-test for the statistical significance of 
each variable was also conducted. 
 
Meanwhile, statistical analyses on technology transfers in China with CDM 
projects were developed to help to further understand the relation between 
technology innovation and renewable energy systems under emission reduction 
targets, including dimensions of geological regions, project categories, and 
transfer types. In this study, the UNFCCC definition of technology transfer and 
operational definitions with three levels were used: Type I (advanced level as 
know-why: TT I), Type II (intermediate level as know-what: TT II), Type III 
(basic level as know-how: TT III) of transfer in CDM projects as being referred 
to in previous studies [76]. Provincial level economic and technological data 
were gathered from the National Bureau of Statistics of China. More detailed 
information can be found in Paper I.  
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3.3 PVWP system design and simulation in economic 
valuation 

!
In PVWP system design, a typical system consists of a PV array that powers an 
electric motor, which drives a pump with forage and feeding mode as shown in 
Figure 3. The water is often pumped from the ground or stream into a storage 
tank that provides gravity feed. Different configurations of PVWP systems were 
studied by using different water sources and for different applications [7], [80], 
[67]. In this study, the economic performance of PVWP scenarios was measured 
via the models related to the functioning of an integrated PVWP system, 
including solar irradiation, water demand, PV-inverter-pump, and crop growth 
models.  

  

Figure 3. Illustration of integrated PVWP system components and configurations 

The PV generated electricity was calculated using an open-source code written in 
Matlab®, OptiCE [81] in Paper II, III. The global and diffuse horizontal solar 
radiation and air temperature data gathered from the weather station installed 
nearby the pilot PVWP system were used as input climatic parameters for the 
PVWP simulations in Paper II. OptiCE approach described in Duffie and 
Beckman [82] and Campana et al. [80] was applied for calculating the global 
tilted radiation in Paper II. For integrated PVWP systems with different 
production processes, the capacity (installed kWp) of the PVWP system was 
simulated and FAO crop-water production function was used for simulating crop 
response to water in Paper III.  
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3.4 Scenarios of PVWP systems with business models 
In this study, to explore the economic performance under different business 
models of PVWP systems with grassland and farmland, three scenarios of 
integrated PVWP systems with traditional, improved and innovative PV business 
models were proposed for the first time. Using discounted cash flow (DCF), 
discounted payback period, and ROI, the study proposed a market incentive 
approach to analyze the PVWP systems with different scales and business 
models under relevant subsidies and feed-in-tariff indicators.! 
 

3.4.1 Scenarios of PVWP systems 
Three scenarios of PVWP systems were shown in Figure 4. The PV-roof was set 
as scenario 0 and used as a reference. The major differences among the other 
three scenarios are in stakeholders and source of revenue generated from the 
various types of business models. There are four types of possible revenues 
under these scenarios, including feed-in tariff (FIT) from solar power, grass sale 
in the PVWP irrigation system, co-benefit values realized in PV scale-up system, 
and added value of ecological products’ (dairy milk) revenue developed in the 
PVWP system with a social network. The market incentives (subsidies and 
preferential policies) were analyzed under different conditions in scenarios 1 to 3.  
 

 
Figure 4. Flow sheet of integrated PVWP systems with business model innovations  

 

Scenario 1 is a host-owned PVWP system in Inner Mongolia to irrigate 1 ha of 
alfalfa. The electricity generated from the PV system is used as power to run the 
irrigation system. The revenue of this pilot mainly comes from grass sale, feed-
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in-tariff and relevant subsidies. All the data were collected on-site in Inner 
Mongolia [70], and included in Paper II. 

Scenario 2 is a scaled-up PVWP system (200 ha assumption) with lower 
marginal cost. The scaled-up PVWP system was simulated with first generation 
PV business model, where third-party stakeholders can rent the land and sell the 
surplus electricity on-grid as new entrants with ownership of the PV systems for 
a broader market. The emission trading revenue from CO2 was successfully 
measured and calculated with China’s emission trading system (ETS) price [77]. 

In scenario 3, the integrated PVWP system with social network interaction 
(crowdfunding) involves more stakeholders and add-in values as a second 
generation PV business model. The revenue includes the sale of alfalfa, the 
emission trading revenue from CO2, governmental subsidies and incentives, and 
the social network value-added in with the crowdfunding financing mechanism. 
The social network value added-in with the financing mechanism was first 
considered as much as the marginal revenue from the dairy product with the 
additional consumption of alfalfa hay, as noted in Paper II (net social network 
revenue on dairy product = net revenue value of diary product-alfalfa cost with 
operation and maintenance cost). The extra environmental values from branding 
and green compensation were discussed in Paper IV with financing mechanism 
analyses. 

 

3.4.2 Input data and economic assessment  
Input data were from the literature and our pilot test sites [70]. As shown in 
Paper II (Tab.4), all data collected and assumptions were given in Appendix 1. 

The DCF model was used to calculate the PVWP project with discounted value 
of the present time. All future cash flows were discounted to a date 0 stage with 
interest rate. By calculating the NPV of the next 20 years of cash flow of three 
PVWP scenarios at the breakeven points, IRR can be calculated when the LCC 
equals DCF of the revenue in date stage 0. The IRR represents the desirability of 
investments or projects, which is the higher IRR meaning a more desirable 
project. The discounted payback period can also be calculated with LCC and 
annual cash inflow. Meanwhile, ROI over the 20-year project was calculated as 
the ratio of total cost savings to initial capital cost to interpret the efficiency of an 
investment. 
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The DCF, NPV, IRR, Discounted payback period, and ROI have been calculated 
with the following equations: 

The DCF and NPV are defined as follows: 

DCF= !"!
(!!!)! +

!"!
(!!!)! +⋯+ !"!

(!!!)!                                                                       (3) 

NPV= !"!
(!!!)! − LCC

!
!!!                                                                                      (4) 

Where, CFn is the cash flow of the system in year n; n is the time in years before 
the future cash flow occurs; i is the interest rate or discount rate (we used the 
one-year benchmark interest rate 6%).  
The IRR (r) is calculated by the following equation:  

NPV= !"!
(!!!)!

!"
!!! − LCC =0                                                                               (5)   

Discounted payback period for each scenario is computed by subtracting the 
discounted accumulated utility savings from the initial investment until the year 
of breakeven. The discounted payback period n is calculated by the following 
equation:

!"!
(!!!)!

!
!!! − II =0                                                                                             (6) 

II is the initial investment of a system, CF is the annual cash inflow, which is 
equal in all time stages, i is the interest rate. The calculation processes were 
given in Paper II. 

Discounted payback period is calculated from the following equation: 

n =  ln !
!!!!∗!!"

÷ ln!(1 + i )                                                                              (7) 

ROI is calculated by the following equation: 

ROI=!"!!                                                                                                               (8) 

NI is the net income of a system, which equals gross profit minus expense.  
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3.5 Simulation of PVWP systems with dairy farms  
 

The PVWP system was simulated to generate electricity for irrigating the feeds 
(wheat, maize, concentrate, and alfalfa) and for operating dairy farms under 
different self-sufficiency scenarios (20%, 80%, and 100%). For the dairy farm 
cases, electricity saving with solar energy generation, economic cost saving of 
crops, and CO2 emission reductions were estimated.  

Inventory data of dairy farms were taken from the case studies analyzed in 
Zhang et al. [83], as well as in the environmental reports of dairy farms referred 
to in Paper III. Costs in each farm were evaluated by comparing different 
indicators, including electricity consumption (electricity consumed of each kg 
milk), milk productivity (tons of milk produced by each cow), alfalfa 
productivity (kg alfalfa/litre milk), and feed productivity (kg feed consumed to 
produce 1 kg milk). The best case of 11 farms, which used the least feeds and 
energy to produce the largest quantity of milk yield per cow, was identified. The 
worst case of 11 farms, which used most feeds and energy to produce the least 
milk yield per cow, was found. Three self-sufficiency scenarios (20%, 80%, and 
100%) were simulated to estimate cost saving and the cost of energy for the 
whole dairy farm’s production process. The self-sufficiency scenario of 20% (as 
shown in Figure 5 with the blue color line) referred to the PVWP system that 
generated electricity to run the irrigation system merely for planting alfalfa, and 
to supply the electricity demand for the dairy farm operation.  

 
Figure 5. Schematic of system boundary for the milk production with PVWP system and all feeds’ 

production (20%, 80%, and 100% self-sufficiency) 
20% self-sufficiency crop is alfalfa; 80% self-sufficiency crops are alfalfa, wheat, and maize with 

dotted lines; 100% self-sufficiency crops are alfalfa, wheat, maize, and concentrate with dash lines. 
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The 80% self-sufficiency scenario (in Figure 5 with dotted lines) represents the 
self-production of alfalfa, maize, and wheat for cows, excluding concentrated 
feed. Self-sufficiency of 100% was where the farm produces all crops and feeds 
needed for dairy cow feeding processes, including concentrate feed (dashed lines 
in Figure 5). The comparisons between 20%, 80%, and 100% self-sufficiency 
simulations helped to figure out the most economically feasible scenario in 
producing dairy milk integrated with the PVWP system. The overall capacities 
for the PVWP systems to serve the worst and best cases among the 11 farms 
were carried out through a monthly energy balance assessment between 
electricity production from solar PV and electricity from water pumping to fulfill 
all the crops water requirements, as referred to in Paper III. 

 

3.6 In-depth interviews and discrete choice model for 
crowdfunding the sustainable milk with PVWP 
systems 

 
With analyses of different financing mechanisms of integrated PVWP system 
products, the study investigated the purchase intention and the attitude towards 
willingness to pay through online crowdfunding with 48 in-depth interviews and 
357 online surveys. Discrete choice model was employed to systematically 
estimate the determinants of overall milk purchase behaviours. Individual 
attributes, preference for sustainable milk product, and the socio-demographic 
factors were tested as potential explanatory variables. 
 
Descriptive statistical analyses of 357 survey results were performed to reveal 
the main trends in participants’ preference to “sustainable milk” produced by 
PVWP integration application. Then, binary probit regression was adopted for 
analyzing of 357 participants' purchase intentions on the online crowdfunding of 
“sustainable milk”. The ordered probit regression analysis was used to test the 
willingness to pay for sustainable milk as functions of individual attributes and 
satisfaction with various aspects of “sustainable milk” consumption. The binary 
and ordered probit regressions were performed in R®. 
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The binary and ordered probit regression models can be expressed as  

!!∗ = ! + !!!!,! !"#$"% + !!!!,! !"# + !!!!,! !"#$%& + !!!!,! !"# +
!!!!,! !ℎ!"# + !!!!,! !"#$%&'() + !!!!,! !"#$%& + !!!!,! !"#$%!&" +
!!!!,! !"#$%&'()"$(*+ + !!"!!",! !"#$%&'()!*+"&' + !!                    (9) 

Where, yk* denotes latent dependent variable of individual k; xi,k denotes the 
explanatory variable i for individual k;!! demotes the intercept. In the binary 
probit model, the intercept is equivalent as the threshold parameter ! described 
in Eq. (10); in the ordered probit regression, ! is fixed at 0 for the identification 
reason and only threshold parameters !!  to !!  are estimated; !!  equals 
corresponding parameters to be estimated; and εk = error term, which is assumed 
as an identically distributed error term following a normal distribution.  

!! =
1!!!!!!!!!!!!!!"!!!∗ < !!
2!!!"!!! < !!∗ < !!

……
!!!!!!!!!"!!! < !!∗

                              (10) 

!∗ = !"#max! !(!! = !ℎ!"#$)!
!!!            (11) 

!(!! = !ℎ!"#$) denotes the probability of the chosen alternative for individual 
k.!!∗ denotes the estimated parameters. Then probability function of ordered 
probit model is  

! !! = ! = Φ !!!! − !Β − Φ !! − !Β   (12) 

Where Φ() denotes the cumulative normal density function. !!represents the set 
of independent variables. Β!represents the set of parameters as referred to in 
Paper IV. 

 
To explore the role of sustainable and environmentally friendly consumption in 
dairy products, we used qualitative in-depth interviews as a proper exploratory 
approach [84]. The target of this study was to explore how possible factors may 
influence sustainable and environmentally friendly milk consumption. Aforesaid 
studies used similar methods to examine consumer behaviours relevant to 
corporate social responsibility activities [85].  
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The majority of the in-depth interviews were conducted via Skype®. Before the 
interview, we informed the interviewees to express their true opinions without 
public influences or other considerations [86]. The semi-structured interview was 
guided, as described in Appendix 2, exploring participants’ decision making in 
dairy consumption and attitudes towards renewable energy supply during 
producing processes. The initial set of questions in the interview was based on 
interviewees’ background and general consumption behaviour. Next, participants 
were asked about their awareness of sustainable and nutritious milk products, 
followed by exploring the role of ecological and environmental responsibility in 
their consumption of dairy products. Finally, with a brief introduction about milk 
production supplied by the integrated PVWP system, the interviewees were 
asked about their preference on crowdfunding this more “ecological and 
sustainable” milk produced with the supply of PVWP system and their 
willingness-to-pay for the “sustainable” milk compared to regular milk. The 48 
interviews were recorded over an average of 41 minutes and transcribed 
verbatim. The interview data were sufficient to ensure saturation [87]. We 
collected transcripts and interpreted them in discussion and confirmation of each 
individual interviewee following the iterative process suggested by Spiggle [88]. 

 
The participants were recruited from multiple cities across China, including 
Beijing, Shanghai, Nanjing, Hefei, Fuyang, and Hairpin. Concerning the 
selection process, the participants were recruited using two well-established 
approaches [88]: (1) Most interviewees were selected by convenience. (2) Some 
interviewees were recommended by other participants (snowballing). These 
sampling approaches are frequently used methods in qualitative studies [89]. The 
purpose of these sampling approaches was not disseminated to interviewees, in 
order to focus on in-depth exploration. The participants were chosen with diverse 
demographic criteria, including age, gender, level of education, occupation, and 
marital status (referred to in Paper IV).  !
!
!
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4 Results and discussion

!
This chapter presents the results of the logistic regression and correlations 
between technology transfer and economical indicators in CDM with emission 
reduction targets. The results of the field measurements carried out at a pilot 
PVWP system in Inner Mongolia were illustrated. The thesis also discussed the 
effect of business model innovation on the integrated PVWP system design, and 
the technical and economic feasibility of PVWP systems in comparison to 
traditional PV systems. The assessment of suitability and optimal self-
sufficiency for PVWP systems with dairy farm production processes were 
analyzed. With in-depth interviews and surveys by using a discrete choice model 
approach, the crowdfunding financing mechanism of PVWP was evaluated with 
potential stakeholders’ attitudes in the China.  

 

4.1 Renewable energy system development demanding 
advanced technology transfer and economic 
incentives in China 

!
The distribution of project numbers and emission reduction volumes in China 
issued CDM projects among different types of projects is shown in Figure 6. 
Almost 80% of projects focused on renewable energy, which only contained 38% 
of total emission reduction volume. With the analyses of relevant policies and 
subsidies on different projects, we found that the number of renewable energy 
CDM projects increased with the implementation of the CDM levy as a market 
mechanism. This is due to the renewable energy projects being only subject to 
the lowest levy of 2% for its highest sustainable development benefits, while 
HFC-23 projects were subject to the highest levy of 65% [90]. The result 
indicated that compared with other types of CDM projects, the renewable energy 
projects were rather smaller in size, which had less CERs revenue than chemical 
projects with larger sizes, such as hydro fluorocarbons (HFCs). 

!
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!

Figure 6. Distribution of numbers and emission volumes in China issued CDM projects. 

 

By collecting data and information from each PDD file and calculating the total 
estimated annual emission reductions on each CDM category, the distribution of 
technology innovation and transfers was performed in 754 issued CER projects, 
as displayed in Table 1. Only 18% of all 602 renewable energy projects involved 
technology transfers by number, which was significantly lower for all 754 
projects claimed technological innovations and transfers in their PDDs, which 
was 28%. It is important to note that 14 of the overall 16 intermediate technology 
transfers (TT II) occurred in renewable energy projects. The results revealed how 
demanding it was to import more advanced technology with know-what and 
know-why levels rather than importing machines for renewable energy projects.  
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Table 1: Technology transfer by project types in China (2012)  

CDM Category 
Number 

of 
Projects 

Average 
Project Size      
(ktCO2e/yr) 

TT 
TT  
I 

TT 
II 

TT 
III 

TT 
Percent of 
Number of 

Projects 

TT Percent 
of Annual 

CERs 

Renewable Energy 602 137 110 
 

14 96 18% 26% 

Energy Efficiency 61 228 30 1 1 28 49% 78% 

Methane Recovery 33 600 19 
  

19 58% 55% 

Fuels Substitute 17 1281 17 
  

17 100% 100% 

N2O Decomposition 17 352 12 
  

12 71% 71% 

Landfill Burning 12 187 10 
 

1 9 83% 90% 

HFC-23 Reduction 8 5743 8 
  

8 100% 100% 

Fossil fuel 1 275 1 
  

1 100% 100% 

Others 4 154 0 
  

0 0% 0% 
Total 754 249 207 1 16 190 28% 60% 

From the statistical analysis, 28% of the projects described that technological 
transfer accounted for about 60% of the estimated CERs of all projects. It is also 
evident that the basic technologies transferred as know-how levels (TT III) in 
HFC-23 reduction and fuel substitute projects (100%) were more frequent than 
renewable energy projects (16%), and the government provided 10% investment 
subsidy on purchasing equipment to simulate energy conservation or emission 
reduction. The host party was found to have a more economic incentive to only 
import equipment for basic technological transfer (190 TT III projects) than 
making technological innovations with transfers (17 TT I&II projects) with 
lower marginal costs. The price of CER and size of the CDM project decided the 
project income with issued CERs. The results revealed that CDM projects were 
subsidy driven and income driven. We also found that only limited progress 
towards the technological innovation and sustainability-driven goals were made 
with those subsidy driven and income driven projects of the emission reduction 
mechanisms.  

The results in Table 2 from the multi-variable logistic regression coded in Stata 
showed that the size of the project and GDP per capita (Log_GDPperCapita) had 
high impacts on the likeliness of technology transfer, while technology capability, 
energy consumption and GDP growth rate had negative correlations with 
technological transfer. 
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 Table 2: Logistic regression results on technology transfer 

Logistic regression   Number of obs   = 754 
  LR chi2(11)     = 187.69 
Log likelihood=-349.2962 Pseudo R2       = 0.2118 

P        Coef. Std. Err. P>z      

Buyer    
2 -0.7503 0.2552 0.003** 
3 -0.7517 0.6625 0.256  
Log_size     1.8565 0.2525 0.000*** 

Subsidiary    0.6034 0.2451 0.014* 
Log_Population    2.9495 1.1169 0.008** 
Log_GDPperCapita     4.2333 0.7832 0.000*** 
GDP_GrowthRate   -0.4384 0.1133 0.000*** 
TECH_Capability   -0.0901 0.0365 0.014* 
Log_Energy_consumption -1.0685 0.4488 0.017* 

FDI   -0.0001 0.0008 0.925  
XI    0.0005 0.0004 0.151  

_cons   -36.6419 5.0691 0.000  
Statistical significance: * p<0.05; ** p<0.01; *** p<0.001 

P is the conditional possibility when there exists the technology transfer; Coef is the regression 
coefficients, represent the change in the logistic for each unit change in the predictor; Std. Err. is the 
standard error. 
 
Over 90 % of all technology transfers occurred in Chinese CDM projects were at 
the basic level, where only import machine and operation knowledge was needed. 
Merely 7.7% of technology transfers were involved in intermediate technology 
transfer involving minor innovations or implementation during the transfers. 
High technology capability, high GDP growth rate or high-energy consumption 
decreased the marginal utility of importing the basic technology, but increased 
the local availability of technologies, or domestic technology transfers. A crucial 
aspect that should be considered is that based on the local technology capacity of 
renewable energy projects, the CDM host entities in China may have already 
acquired the basic level of technology domestically (no need to transfer the basic 
technology from aboard). These findings suggested that more incentives of tax 
reduction or subsidy should be focused towards triggering a higher level of 
technology transfer in CDM projects. Business model innovation should also be 
taken into consideration for further renewable energy improvement with better 
economic payback. 
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4.2 Evaluation of PVWP systems with different 
business models and incentives 

4.2.1 Economic feasibility of integrated PVWP systems with alfalfa  
As illustrated in Figure 7, the influence of the incentives in the LCC of the three 
PVWP scenarios was evaluated with discounted average value of each ha. The 
subsidies were considered as uncertain market incentives, which may have the 
risk of realization or payout problems. In the LCC analysis, the pilot PVWP 
(scenario 1) had the largest amount of incentive (20,000 RMB/suit), as the 
household agricultural equipment investment subsidy, provided by the Inner 
Mongolia local government for photovoltaic spraying irrigation equipment [91]. 
The scale-up PVWP (scenario 2) and PVWP Interface (scenario 3) had the same 
amount of incentives (11,200 RMB per ha)1, including alfalfa seed [92] and 
grassland revitalization subsidies [93]. When calculating the total LCC of each 
ha area in the three scenarios, the incentives were found less influential in 
scenario 2 and 3 compared with the situation in scenario 1. Since the scale-up 
effect of PVWP systems over 200ha area sharply decreased the marginal costs of 
the irrigation systems and the PV panels with wholesale prices. The total net 
profit increased with the decreasing LCC in scenario 2. 

 
Figure 7. Incentives influence in LCC of the three PVWP scenarios. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1!Note: The exchange rate between RMB and USD is 6.5:1 according to bank of China in this thesis. 

 

-40000 

-20000 

0 

20000 

40000 

60000 

80000 

100000 

Pilot PVWP+Incentives PVWP Scale-up
+Incentives 

PVWP Socialnetwork
+Incentives 

L
C

C
  (

R
M

B
) 

PVWP Scenarios 1, 2,3  

PVWP system  
IT investment 
Alfalfa subsidy 
Grassland subsidy 
Land rent 
Equipment subsidy 
Seed  
Pipe 
Well drilling 



! !

!Results!and!discussionQ!32!

For common PV-roof systems, the main cash inflow came from feed-in tariffs of 
0.42 RMB/kWh with tax or the distributed PV on-grid power with a benchmark 
price of 0.3 RMB/kWh with tax [94], for self-generated and self-consumed solar 
PV electricity. In this thesis, besides solar power, the PVWP system introduced 
new value added products with the improved business model. As shown in 
Figure 8, the PVWP pilot (Scenario 1) had three types of cash inflows, the feed-
in tariff (953RMB/ha/yr), the saved cost of self-used electricity (536RMB/ha/yr), 
and the sale of alfalfa (12,000RMB/ha/yr). All the prices were spot prices 
adjusted by the inflation rate. In the scaled-up PVWP systems of scenario 2 and 
3, the cash inflows also included market incentives of surplus on-grid revenue 
(346RMB/ha/yr) [95] and CO2 reduction compensation (400RMB/ha/yr) [96]. 
The 7.4-ton/ha/yr CO2 emission reduction credits of the PVWP scale-up system 
was realized as the measurable externality of carbon compensation in emission 
trading exchange of China with the average annual price of 54 RMB/ton [77]. As 
mentioned in Appendix 1, when considering the influence of feed-in tariff, only 
the reference scenario 0 mainly depended on the feed-in tariff but had the longest 
discounted payback period (16.5 yr) and lowest IRR (7%) as compared with 
other scenarios. Under the PVWP pilot scenario, the feed-in tariff (953 
RMB/ha/yr) had a very limited contribution in increasing the economic 
performance, since the main revenue came from the sale of alfalfa (12,000 
RMB/ha/yr). Same results were found in scale-up PVWP systems and integrated 
PVWP systems with interface. It was the new added values, such as sale of 
alfalfa and increasing milk value with social network (10,000RMB/ha/yr) that 
brought the considerable net profit and IRR. For detailed evaluations refer to in 
Paper II. 
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Figure 8. Cash flows of three PVWP scenarios. 

With the analyses of the incentives in the three scenarios, the costs were 
deducted by subsidies from distributed PV systems, equipment, and seed in 
agriculture with different perspectives; the revenue was increased by the feed-in 
tariff and compensation in generated solar power revenue. Figure 9 showed the 
IRR and discounted payback periods (PBP) of the scenarios. The IRR increased 
from 7% from the PV roof (scenario 0), to 23% from the PVWP pilot with 
incentives, then 31% from the PVWP scale-up, to 38% from the PVWP interface 
and milk with incentives. The bar represented the PBP of scenarios in the year of 
the break-even point when NPVs equalled 0. It was evident that the PBP kept 
shortening from the PV-Roof system (16.5 yr) to PVWP pilot (7.8 yr) with the 
traditional PV business model, then to scale-up systems with the 1st generation 
business model (5.5 yr). The PBP was reduced to 3.8 years, since the integrated 
PVWP system involved multi-stakeholders and the added value of milk product 
as the 2nd generation business model was needed. However, when comparing the 
contribution of incentives on payback periods in each scenario, the impacts of 
incentives on the PVWP system were found continuously deducted from 
scenarios 1 to 3, as shown in Appendix 1 and Figure 9. The PBP shortened 35.9% 
in the PVWP pilot by taking the incentive (from 7,8 to 5 yr); improved 32.7% in 
the PVWP scale-up by taking the incentives (from 5.5 to 3.7 yr), and improved 
21% in the PVWP interface by taking the incentives (from 3.8 to 3 yr). It can be 
concluded that the impacts of market incentives for PV systems were not as 
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attractive to investors as the cost decreasing impacts and revenue increasing 
impacts with PV business model improvements.!!

!
Figure 9. Net present value and discounted payback periods of the different PV scenarios.  

4.2.2 Business model innovation with added value in the PVWP 
system  

The economic performance was also evaluated with ROI values of the seven PV 
systems (with incentives or not) with three types of PV business models as 
shown in Table 3, as the ratio of cumulative net value to initial capital cost. The 
common PV roof system had a ROI value at 2% with the self-owned system. 
This zero PV business model was a 16-year project period, thus a rather long 
investment payback period that was not attractive to investors. By introducing 
the irrigation system for alfalfa, the household PVWP pilot system had a ROI 
value at 90% with the zero PV business model. Being the system owner and end 
user at the same time, the investor of the PVWP pilot made extra profit with 
extending production of alfalfa through PV power supply irrigation. The ROI 
value largely increased to 2.54 in the PVWP scale up system in the first 
generation of PV business model. This may be owing to the scale-up effect of 
reduced fixed costs of the systems, and with third-party customer ownership of 
the systems, more financial and market incentives were accessed. In the second 
generation of the PV business model, the ROI reached the highest value of 3.42 
using an integrated PVWP system with extended milk production, which meant 
more than 3 times the cost of investment was earned by the end of the 20 year 
period. It was because of the merge of ownership, operation, and control 
segments with various stakeholders in the integrated PVWP system, which also 
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created added value in milk production under more technologies and regulatory 
initiatives. The part of value mainly came from the increased value from the 
alfalfa to the dairy product, which was measured in detail in Paper II. 

Table 3. Cumulative cash flow in 20 years with discounted payback period, IRR and ROI. 

Year Scenario 0 Scenario 1 Scenario 2 Scenario 3 

 

PV roof 
PVWP 
Pilot 

PVWP Pilot 
incentive 

PVWP 
Scale-up 

PVWP Scale-up 
incentive 

PVWP 
interface 

PVWP interface 
incentive 

 (RMB) (RMB) (RMB) (RMB) (RMB) (RMB) (RMB) 

0 -15,000 -75,821 -56,821 -56,500 -45,300 -73,450 -62,250 

1 -13,625 -63,995 -44,096 -44,902 -32,099 -52,418 -39,615 

2 -12,328 -52,838 -32,090 -33,960 -19,645 -32,576 -18,261 

3 -11,105 -42,312 -20,765 -23,638 -7,897 -13,858 1,884 

4 -9,951 -32,382 -10,080 -13,900 3,187 3,801 20,888 

5 -8,862 -23,015 0 -4,713 13,644 20,460 38,817 

6 -7,835 -14,177 9,509 3,954 23,508 36,177 55,731 

7 -6,866 -5,840 18,480 12,130 32,814 51,004 71,688 

8 -5,952 2,025 26,943 19,843 41,594 64,991 86,742 

9 -5,089 9,445 34,927 27,120 49,876 78,187 100,943 

10 -4,276 16,445 42,459 33,985 57,690 90,636 114,341 

11 -3,508 23,049 49,565 40,461 65,061 102,380 126,980 

12 -2,784 29,279 56,269 46,571 72,015 113,459 138,904 

13 -2,101 35,156 62,593 52,335 78,576 123,912 150,152 

14 -1,457 40,701 68,559 57,773 84,765 133,772 160,765 

15 -849 45,932 74,188 62,902 90,604 143,075 170,776 

16 -275 50,867 79,497 67,742 96,112 151,851 180,221 

17 265 55,522 84,507 72,307 101,308 160,130 189,131 

18 775 59,914 89,233 76,615 106,211 167,941 197,537 

19 1,257 64,057 93,691 80,678 110,836 175,309 205,467 

20 1,711 67,966 97,897 84,511 115,199 182,260 212,948 

PBP yr  16.5 7.8 5.0 5.5 3.7 3.8 3.0 

IRR 7% 16% 23% 21% 31% 30% 38% 

ROI 0.02 0.9 1.72 1.5 2.54 2.48 3.42 
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It is important to note that the business model innovation simulated in the 
integrated PVWP system with milk production (scenario 3) not merely scaled up 
the system with multi-stakeholders ownership, but extended the production line 
to pastureland and dairy industry. While combining the implementation of the 
PV power generation system with new products, multi-stakeholders may benefit 
from pasture grass alfalfa, emission reduction credits of CO2, and environmental 
compensation products realized by the crowdfunding financing mechanism. 

 

4.3 Economic profitability and energy saving of 
integrated PVWP systems in milk production 

!
The best and worst cases of 11 dairy farms were selected out by calculating and 
comparing the indicators in each farm, including milk productivity of each cow, 
electricity consumption, and feed productivity per kg of milk. Farm 10 was 
found as the best case that had highest milk productivity for each cow of 7.3 tons 
per year and the least consumption of feed needed to produce a kg of milk, as 
shown in Figure 10. Farm 2 was found as the worst case, which cost 4.6 kg feed 
to produce 1 kg milk. The detailed analysis is illustrated in Paper III.  

!

 

Figure 10. Indicators for the production of milk from 11 dairy farms. 
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The results concerning the sizing of the PVWP system for the specific irrigation 
of the studied crops are summarized in Table 4. All the results have been 
obtained using the climatic data from the Meteonorm database, specific to the 
sites of Xian and Heilongjiang. 

Table 4. PVWP system design results of studied crops. 

Crop 
PVWP 

capacity 
(kWp/ha) 

Specific 
electricity 

consumption 
(kWh/kg 

DM) 

Specific 
water 

consumption 
(m3/kg DM) 

CO2 emissions 
avoided per kg DM 
crop (compared to 

electricity from grid) 

Electricity 
production 

(kWh) 

Electricity 
for water 
pumping 
(kWh/ha) 

Surplus of 
electricity 

(kWh) 

Alfalfa 1.8  0.072 0.306 0.067 2577 1102 1475.6 

Maize grain 1.8 0.038 0.164 0.036 2577 641 1936.6 

Soybean 1.4 0.071 0.29 0.066 2004 279 1725.8 

Maize silage 1.8 0.042 0.178 0.039 2577 847 1730.6 

Winter heat 1.8 0.095 0.409 0.088 2577 762 1815.6 

By evaluating the average PVWP capacity for each crop per ha, the total PVWP 
system capacities for farms 2 (worst case) and 10 (best case) were simulated with 
the ratio between monthly electricity requirements for irrigation with specific PV 
electricity production. The cumulative gross water demands for farms 2 (worst 
case) and 10 (best case) were estimated in 20%, 80%, and 100% self-sufficiency 
scenarios depending on different crop quantities, as shown in Figure 11. The 
corresponding electricity for water pumping was calculated with the assumptions 
of a 60-meter water head and an overall pumping system efficiency of 70%.  

 
Figure 11. Gross water demand for farm 2 and 10 for 20%, 80%, and 100% self-sufficiency 

scenarios. 
The PV electricity production was affected by the orientation of the tilt and 
azimuth angles. The results using an azimuth angle equal to 0°, describing the tilt 
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angle sensitivity on the monthly solar specific PV electricity production, are 
presented in Paper III. The monthly results are obtained through hourly 
dynamic simulations of the PV power output that depend on the variation of the 
hourly global solar tilted radiation according to the equation described in 
Campana et al.  and derived from Duffie and Beckman [82]. A tilt angle of 20° 
represents the best trade-off between annual and July PV electricity production. 
As shown in Figure 12, the highest electricity demand for irrigation appeared in 
July, in the 100% self-sufficiency scenarios for both farms 2 and 10. The rising 
electricity demand started in April, which is the planting season for maize and 
alfalfa.    !

 
Figure 12. Electricity demand for irrigation for farm 2 and 10, and related scenarios. 

Taking farm 10 as the best case and farm 2 as the worst case of the conducted 
survey, we designed and simulated PVWP systems for the irrigation of different 
crops and for the electricity production required to cover the dairy farm 
electricity demand.  

As noticed in Table 5, farm 2 in the 100% self-sufficiency scenario had less 
profit than in the 80% self-sufficiency scenario. The difference in the 80% and 
100% self-sufficiency scenarios is owing to whether to self-produce concentrate 
feeds, which leads to a reduction of the annual profit of farm 2 from 3.78 million 
to 3.72 million RMB. 
 
For dairy farm 2, it is less economic to produce the concentrate feed with the 
PVWP system by itself. From one side it enlarges the annual cost, since it needs 
more land to plant maize, wheat, and soybean, which are the main components 
of concentrate feed. From another side, the price of concentrate feed is not 
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profitable enough to cover the cost and operations and maintenance (O&M) 
investment. Thus the marginal profit of self-producing concentrated feed turned 
negative.  !
Table 5. Cost and revenue analyses of best and worst farms with PVWP systems in 20%, 80%, and 

100% self-sufficiency scenarios.  

 
Farm 10 

(20%) 
Farm 2 
(20%) 

Farm 10 
(80%) 

Farm 2 
(80%) 

Farm 10 
(100%) 

Farm 2 
(100%) 

Cows (head) 55 135 55 135 55 135 
Milk production (ton) 400 617 400 617 400 617 
Farm electricity demand (kWh) 51,200 20,000 51,200 20,000 51,200 20,000 
Land size (ha) 48 1.2 54 128 68 162.4 
Installed PV capacity (kW) 246 74 272 1,024 344 1,209 
PV electricity production (kWh) 274,761 82,225 304,141 1,144,897 384,157 1,350,809 
PVWP system cost (RMB) 122,917  54,861  136,303  362,233  147,202  376,907  
Solar energy revenue (RMB) 193,614  73,439  214,045  469,134  231,137  489,273  
Solar energy profit (RMB) 70,698  18,577  77,742  106,901  83,935  112,366  
Total profit (RMB) 1,418,287  51,806  1,613,047 3,778,343  1,651,854  3,721,952  
CO2 emission reduction (ton) 560 64 677 1,938 878 2,915 
Cost saving per kg milk (RMB/kg) 3.55 0.08 4.03 6.12 4.13 6.03 
Energy saving per kg milk (kWh/kg) 0.22 0.09 0.23 0.34 0.25 0.37 
CO2 reduction per kg milk (kg/kg) 1.05 0.1 1.05 1.62 1.31 2.03 
ROI 3.12 0.82 3 2.02 2.29 1.62 

 
Annual ROI values are calculated as the ratio of total utility savings of farm 2 
and 10 to annual capital cost in different scenarios. ROI values for both farm 10 
and farm 2 with 20%, 80%, and 100% self-sufficiency scenarios are shown in 
Table 5. Farm 2 with 100% self-sufficiency had the lowest ROI value of 1.62, 
which had a considerable lower payoff after achieving economic breakeven. 
Farm 10 in the 20% self-sufficiency scenario had a ROI value of 3.12. A ROI 
over 3 indicates that the system gains more than 3 times the cost of annual 
investment by the end of the year. ROI of farm 10 reaches best ROI in 20% self-
sufficiency scenarios. The result represents a scenario where only planting alfalfa 
is prioritized, which has the highest return and is the best strategy. While 
investing more money to plant rest feeds for farms 10 and 2, the profits showed a 
lack of scale effect and made the ROIs decrease. Planting maize, wheat, and 
soybean needed more investment and O&M as the initial costs, when comparing 
to planting alfalfa, whose marginal profits were lower than the marginal profit of 
planting alfalfa. The decreasing marginal profit resulted in the decreasing of 
ROIs in 80% and 100% self-sufficiency scenarios. 
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However, in Farm 2, the highest ROI was shown in 80% self-sufficiency 
scenario as 2.02, while in 20% self-sufficiency scenario, ROI was lowest at 0.82, 
and ROI decreased to 1.62 in the 100% self-sufficiency scenario. The reason that 
farm 2 had much lower ROI than farm 10 in the 20% self-sufficiency scenario 
was that farm 2 only produced 18 tons of alfalfa in the 20% self-sufficiency 
scenario. Farm 2 demanded 51,200 kWh each year for dairy farm operation, and 
merely 2,892 kWh for irrigation. As shown in Table 4, the costs for farm 2 were 
mostly for the PVWP system in the 20% self-sufficiency scenario (51,086 
RMB/yr). The cost of planting alfalfa was only 3,871 RMB/yr, and the revenue 
of alfalfa was 21,600 RMB/yr. The rest of the revenue was from selling of 
electricity and FIT. Even the marginal profit of producing alfalfa was high. The 
limited production quantity restrained the payback in the 20% self-sufficiency 
scenario of farm 2. 
!

4.4 Crowdfunding intention and willingness-to-pay for 
a sustainable milk with PVWP systems  

With an explorative study of integrated PVWP systems, we found that PVWPs 
can stimulate the increase of revenue on ecological-friendly products and 
activate the multi-stakeholders’ participation in investments. The added value of 
integrated PVWP systems was measurable, and was profitable with milk 
production and alfalfa sale in crowdfunding.  

In addition, our study allows for a qualitative and quantitative examination of the 
potential investors/customers’ behaviours of milk consumption, online 
crowdfunding intention, and attitudes towards ecological and environmental 
compensation milk. The 48 semi-structured interviews and 357 surveys indicated 
that the potential customers (especially who have children) of dairy milk product 
through an integrated PVWP system, can tolerate the high price, have open-
minded attitudes towards crowdfunding pre-pay mechanism, and constant 
demands for nutritious and secure cow milk.   

Individual milk purchase intention and environmental consciousness 

When discussing a sustainable milk consumption at the individual level, many 
in-depth interviewees mentioned that purchasing ecological or green 
compensation milk made them feel like they were supporting a milk industry 
with cleaner food production and environmental protection. As shown in Table 6, 
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the binary probit regression illustrated that the survey respondents who had the 
knowledge about alfalfa’s forage function in improving the quality and quantity 
of dairy milk, showed higher possibility to purchase/crowdfunding the 
sustainable milk. It might because that the exposure to environmental knowledge 
and sustainable information raised the customers’ environmental consciousness, 
which enhanced the customers’ purchase intentions of the milk with “sustainable” 
character.     

           Table 6: Binary probit regression results on crowdfunding intention. 

 Coefficients: Estimate                        Std.Error z value Pr (>|z|)

(Intercept) -0.58183 0.3461 -1.681 0.092745 
Milk consumption100ml-500ml -0.16564 0.19217 -0.862 0.388725 
Milk consumption 500-1000ml -0.08857 0.28991 -0.305 0.759989 
Milk consumption 1000-2000ml 0.11996 0.51246 0.234 0.814916 
Forage_yes 0.63613 0.18321 3.472 0.000516*** 
Resource_yes 0.80266 0.45556 1.762 0.07808 
Pasteurization_yes 0.01753 0.18392 0.095 0.924086 
Education High school  -0.36826 0.35263 -1.044 0.296329 
Education Graduate -0.37812 0.26302 -1.438 0.15055 
Child 1 0.87495 0.38316 2.284 0.022401* 
Child 2 0.25989 0.43649 0.595 0.551571 
Child 3 -0.84239 0.90861 -0.927 0.353866 
Child_future 1.02846 0.30269 3.398 0.00068*** 
Income less than 2000 -0.10301 0.30631 -0.336 0.736662 
Income 2000-5000 0.07119 0.28596 0.249 0.803408 
Income 10000-20000 0.07715 0.30636 0.252 0.008111* 
Income 20000-40000 0.33296 0.39126 0.851 0.006947* 
Income 40000+ 0.2122 0.55507 0.382 0.702247 
Gender Female 0.4748 0.18129 2.619 0.008818** 
Age 16-20 0.01176 0.25532 0.046 0.963276 
Age 30-39 0.47436 0.37028 1.281 0.002169** 
Age 40-49 0.08788 0.42895 0.205 0.837662 
Age 50-59 0.2939 0.47775 0.615 0.538446 
Age 60+ 0.41595 0.51051 0.815 0.415204 
Job Freelancers 0.45036 0.50692 0.888 0.374309 
Job teacher/lawyer/doctor/artist  0.4657 0.33626 1.385 0.16607 
Job Government/Ngo staff 0.60845 0.39518 1.54 0.123636 
Job Company employee 0.07088 0.34485 0.206 0.837146 
Job Manager 0.56399 0.50544 1.116 0.264494 
Job Executives/Owner -0.02935 0.59213 -0.05 0.960469 
Statistical significance: * p<0.05; ** p<0.01; *** p<0.001  



! !

!Results!and!discussionQ!42!

Price sensitivity of potential customers with ecological and environmental 
compensation milk purchase 

Price sensitivity is the degree to which the price of a product affects consumers' 
purchasing behaviours. For example, if a customer is price sensitive, he/she will 
not pay extra for a box of milk, especially if lower-price milk is nearby. We 
found that single interviewees were more price sensitive, than many married 
interviewees, who had children. 
 

“Milk is not a necessary food for me. I can get the protein and 
calcium from other food. I am young and single with short budget; I do 
not need to feed kids, either. I am not even capable to support myself. I 
wish I could spend more money on environmental protection but maybe 
not now.” (Male, 23)!

“I would like to drink good milk, but I won’t pay for a higher price. 
It isn’t relevant with my salary level, but I think the government may 
give subsidy for environmental mitigation. It is not my problem, I am a 
citizen who already paid my tax so that the issue can be dealt with. But 
as a daddy in the future, I will consider it for my kids at that time then.” 
(Male, 35) 
 

The respondents from middle-class in the in-depth interviews showed a high-
level concern about food security. In the ordered probit regression with 357 
surveys, parents’ respondents and those planning to have children showed a very 
high tolerance towards high prices rather than respondents without children, as 
shown in Table 7. Participants with lower income showed a more negative 
impact on the willingness-to-pay for sustainable milk than those with high 
income. The female respondents care more about milk quality and willing to pay 
higher price to ensure the source, production, and taste of milk rather than male 
respondents. 
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Table 7: Ordered probit regression results on willingness to pay for sustainable milk. 

� Coefficients: Value                        Std.Error t value 

Milk consumption 100ml-500ml -0.170263 0.328 -0.51902 

Milk consumption <100ml -0.069069 0.3408 -0.20266 

Milk consumption 500-1000ml -0.171624 0.3672 -0.4674 

Forage_yes -0.011695 0.1392 -0.08405 

Resource_yes 0.208417 0.2296 0.90762 

Pasteurization_yes 0.002641 0.1352 0.01954 

Child 3  -5.033035 16.4588 -0.3058 

Child 2 0.380601 0.3728 1.02087 

Child 1  0.833569 0.3081 2.70537*** 

Child 0+ 0.438761 0.2424 1.81004* 

Income 2000-5000 -0.402973 0.2312 -1.7429* 

Income 20000-40000 -0.084214 0.2417 -0.34845 

Income less 2000 -0.605377 0.2687 -2.25316** 

Income 40000+ 0.741319 0.3845 1.9278* 

Income 5000-10000 -0.300823 0.209 -1.43936 

Age 16-20 -0.081108 0.2288 -0.35457 

Age 30-39 -0.226162 0.2639 -0.8571 

Age 40-49 -0.576291 0.3246 -1.7756* 

Age 50-59 -0.616742 0.3495 -1.76455* 

Age 60+ -0.746307 0.3763 -1.98325** 

Education Bachelor 0.098782 0.1694 0.58302 

Education High school  0.682222 0.3228 2.11328** 

Gender Female 0.260785 0.1314 1.98407** 

Job (Housewife/retired/student) 0.087683 0.2224 0.39417 

Job Executives/Owner -0.34329 0.5087 -0.67483 

Job Company employee -0.260232 0.2446 -1.0638 

Job Manager -0.349751 0.2744 -1.27443 

Job Government/Ngo staff 0.522244 0.2388 2.18662* 
Job Freelancers 
Threshold 0-1.5 

0.005327 
0.1439 

0.3559 
0.2919 

0.01497 
0.4931 

Threshold 1.6-2 -1.1497 0.2806 -4.0969 

Threshold 2.1-2.5 -0.3479 0.2784 -1.2495 
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Threshold 2.6-3 0.3337 0.2794 1.1942 

Threshold 3.1-4 1.0102 0.2805 3.602 

Threshold 4.1+ 1.7125 0.2867 5.9729 
     Significant at 90% confidence level* 95%** 98***. 

 

Online purchasing attitude through crowdfunding!towards sustainable milk 
produced by PVWP systems 

By introducing the PVWP system with the dairy milk production process, the 
interviewees had a basic knowledge of the system, and the! energy saving and 
emission reduction as referred to in Paper III. The addition of alfalfa results in 
the high production of dairy cow milk has been proven by aforesaid researches. 
The increasing of crude protein and dry matter intake caused by additional 
alfalfa, led to the growing milk yields. Many respondents showed interests in 
supporting the integrated PVWP system with crowdfunding mechanism. One of 
the reasons was the familiarity and popularity with online shopping and pre-sale 
purchase in China. 

“I would like to buy this milk, if there are researchers who have proven 
alfalfa’s function on cow milk. And the PV system can make sure a cleaner 
environment for the whole milk producing process. The nutrition and food 
security are most important for my family. Online purchasing with 
crowdfounding mechanism is not a problem; I would like to have a longer 
contract with one producer to save my time. Not to mention, the online 
ordering is so convenient and familiar in my daily life.” (Female, 56) 

Participants of in-depth interviews frequently refer to a ‘food security and 
nutrient availability’ in which milk production should ensure ‘an ecological and 
renewable energy supply as environmental compensation’ discourse. Most of 
participants showed the acceptances to online crowdfunding to find good quality 
milk and to support environmental mitigation.   
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!

5 Conclusions  
!
As an alternative solution to fossil fuel, renewable energy projects are largely 
increased with the total project numbers with emission trading mechanisms 
under emission reduction targets. The integrated PVWP system is a renewable 
energy based solution to support the sustainable development of the pastoral and 
agricultural sectors in remote areas of China with better economic performance 
and technological improvement. The PVWP system has the capability of 
reducing CO2 emission, while also generating profit with a business model 
innovation, producing process improvement, and building financial mechanism 
design with target customers. 

The main conclusions of this doctoral thesis are the following:  

              The CDM host entities from regions with high technology capability, 
high GDP growth rate, or high-energy consumption levels in China 
already adapt the basic renewable technology, which require importing 
or transferring more advanced levels of technology. Moreover, 
analyzing the effects of economic performance of renewable energy 
CDM projects and its market incentives is essential for verifying the 
value of a business model innovation. ! 

              An accurate assessment of the business model is crucial for the design 
of integrated PVWP systems with better economic payback. Introducing 
third party and multi-stakeholders ownership and combining the 
implementation of the PV power generation systems with new products 
(forage, CO2 emission reduction savings) to pastureland and dairy 
industry are the main determining factors for the increasing profits and 
emission reduction credits. ! 

  The profitability analyses of PVWP systems with different producing 
processes showed that PVWP systems could have high ROI value as 
positive payback of the investment. However, the profitability of an 
integrated PVWP system with varied forages is sensitive to several 
factors such as forage prices, proportion of feeds, and the ICC. ! 
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  The suitable financing mechanisms for implementing PVWP systems 
are sensitive to potential customers or investors’ purchasing behaviours, 
environmental consciousness, and economic parameters. Some 
examples of parameters are knowledge and preference for sustainable 
eco-compensation products, purchasing will of crowdfunding products, 
price sensitivity, and regular expense of milk products. Therefore, these 
indicators need to be carefully considered along with the selection of 
the most suitable target groups. ! 

In a detailed economic performance analysis of different scenarios for 
PVWP systems, considering variant market incentives, a new business 
model approach is provided for implementing PVWP systems with 
dairy farm production in the Chinese grassland. Special consideration is 
also made to matching between water and energy supply of a PVWP 
system for pasture fostering and dairy farm operation. The sustainable 
attitude of potential stakeholders makes it possible to acquire the 
technology. 
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6 Limitations 
!
This doctoral thesis represents a first attempt at studying the suitability of 
business model innovation in the integrated PVWP technology for curbing the 
progress of renewable energy systems with emission reduction targets in China. 
This study thus provides an overview on how to design, evaluate, and assess the 
technical and economic feasibility of PVWP systems with business model 
innovation. This section discusses some of the limitations of this study and the 
issues that require further investigation.  

The PVWP systems were analyzed and compared in this study under different 
scenarios with varied business models and market incentives. However, the 
possibility of using hybrid PV-wind-storage systems for irrigation and with 
different scales based on cost and reliability cannot be evaluated in this thesis. 
More efforts are also required to study the possibility of harnessing the PVWP 
system for optimal geographical locations.  

The environmental externality of PVWP systems can be further analyzed. In 
particular, the positive effects of mitigating soil degradation and salinization with 
the operation of the PVWP system design, can be investigated in more detail 
with quantitative evaluation. Moreover, the analysis conducted to identify the 
suitable financing mechanism for implementing PVWP systems can be further 
improved by adding other influential factors, such as the fluctuation of interest 
rates, financing costs, and market risks, which were not taken into account in the 
current work. In addition, the products of PVWP systems were limited to the 
forage category in China, but it could be extended to other crops or products over 
the world in the future discussion.  
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8 Appendix
                              Appendix 1. Input data in different PVWP scenarios 

 Scenario 1 Scenario 2 Scenario 3 

 PVWP 
Pilot 

PVWP 
Pilot 
incentive 

PVWP 
Scale-up 

PVWP 
Scale-up 
incentive 

PVWP 
interface 

PVWP 
interface 
incentive 

Cost (RMB/ha)       
PVWP system  34,321 34,321 20,000 20,000 20,000 20,000 

Drill well  30,000 30,000 15,000 15,000 15,000 30,000 

Pipe  7,500 7,500 7,500 7,500 7,500 7,500 

Seed  4,000 4,000 4,000 4,000 4,000 4,000 

Land rent 
  

10,000 10,000 10,000 10,000 

Equipment subsidy* 
 

-20,000 
 

 
  Grassland subsidy* 

   
-1,200 

 
-1,200 

Alfalfa subsidy* 
   

-10,000 
 

-10,000 

IT Investment 
    

16,950 16,950 

Total LCC 75,821 55,821 56,500 45,300 74,350 62,250 

Cash flow (RMB/ha/yr)       
Alfalfa 12,000 12,000 12,000 12,000 12,000 12,000 

Feed-in tariff*  953  953  953 

On-gird revenue*    346  346 

CO2 reduction*    400  400 

Water consumption   -242 -242 -242 -242 

Add-value of dairy product     10,000 10,000 

Self-used electricity saving 536 536 536 536 536 536 

Annual revenue 12,536 13,489 12,294 13,993 22,294 23,993 
Note: The exchange rate between RMB and USD is 6.5:1 according to bank of China. (Access Date 
2016/10) 
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Appendix 2—Interview Guide  

• Could you please give a brief introduction about your background: age, gender, 
marital, and child status, education and profession backgrounds? 

• If you think of a few recent purchases what were the main factors that 
influenced your purchase of milk? 

• What were the main reasons/motivations behind you daily milk purchase? 

• What kinds of cow milk products do you like to drink? 

• How often do you buy milk? 

• How many ml do your household usually consume milk everyday? 

• How much do you usually spend on milk every month? 

• What is the price range you may pay for common milk? 

• Where do you usually go for buying milk? (supermarket, online…) 

• What are your opinions on the current milk industry as a whole? 

• Do you consider ecological milk? 

• How do you weigh the socially responsibility in your dairy milk consumption? 

• Have you considered to buy an environmental compensation milk? 

• If you are willing to pay for a new milk product, what are your priorities? 

• Have you noticed the grass feed’s function in milk production? 

• Are you aware of the fossil fuel consumption and CO2 emission in milk 
production?  
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• Are you aware that by using solar energy to supply the electricity for crops 
irrigation and milk producing process may reducing energy cost and CO2 
emission while the extra alfalfa feed may increase the nutritious of milk products?    

• Have you considered online crowdfunding for ecological or environmental 
compensation milk production?  

• Have you considered to pay more for ecological or environmental 
compensation milk production?  

• What is the price range you may pay for ecological or environmental 
compensation milk?  

• What is your expectation for the best cow milk production?  

 

!
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