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Abstract⎯The emergence of the energy self-sufficient 

home presents a new role for government taxation. 
Policymakers now face the challenge of reflecting this 
technological change in their decision-making and must 
assume a greater level of engagement. This paper 
proposes a number of original fiscal concepts for 
policymakers to implement in the support of micro-grid 
development. These are designed to optimise a 
sustainable transition away from the centralised energy 
system whilst creating shared value among stakeholders 
throughout the value chain. Concepts are based on 
residential micro-grid schemata in Switzerland and are 
applicable in other countries.  

  
Index Terms⎯Carbon tax, crowd energy, energy 

harvesting, energy storage, government, micro-grids, 
photovoltaic systems, power generation economics. 

  

1. Introduction 
The technological development in renewable energy 

systems is a key driver behind the recent evolution of crowd 
energy[1]. This concept involves the creation and sharing of 
renewable energy between participants in a defined area 
using a micro-grid—a small energy system capable of 
balancing captive supply and demand resources to maintain 
stable service within a defined boundary[2]. Compared with 
the traditional centralised system, the micro-grid offers 
benefits, such as lower distribution costs and environmental 
impacts, but simultaneously raises the challenge of defining 
a new role for government and taxation policies.  

The traditional relationship between policymakers and 
energy markets has been fairly independent with the two 
parties interfacing only in a limited capacity. The issue 
arising from the new paradigm of crowd energy calls for this 
relationship to be redefined with governments assuming 
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greater responsibility in fostering renewable energy 
development. This can be considered a prerequisite for 
achieving key objectives such as regulating the transition 
from macro- to micro-grid. The change process involves a 
number of different stakeholders and a wide range of 
interests. It is therefore crucial for the policymakers to fully 
engage with the appropriate parties to gain a broad 
understanding of the landscape. The appointment of subject 
matter experts can provide structured thought leadership 
around the government’s new position and enable successful 
taxation policies to be configured for different aspects of this 
rapidly developing market.  

The introduction of new forms of taxation can help to 
build this closer relationship whilst enabling better-informed 
policies. Establishing both a regulated incentive system for 
renewable energy adoption and an increased tax for 
non-renewable energy use could lead to accelerated 
micro-grid development. This would involve the following 
considerations, all of which require a high level of 
government commitment: 

1) Identifying the tax methods that make renewable 
energy sources more affordable for residential energy 
users. 

2) Understanding how a significant demand increase for 
micro-grids can save energy or reduce fossil fuel 
dependence, and thereby improve economic 
sustainability. 

3) Recognising taxation’s enabling influence on 
micro-grid development. 

The line of investigation explores from both a supply and 
a demand perspective how taxation can facilitate the 
transition of the traditional energy consumer into becoming a 
prosumer. A prosumer is a customer who both produces and 
consumes the same energy[3], referred to as “organic energy” 
hereafter. In proposing new tax concepts, a better 
understanding can be attained that how prosumers could be 
encouraged to adopt new technology in their homes and 
communities where favourable incentives exist. The paper 
presents different forms of taxation and predicts their 
impacts around a fictitious residential micro-grid in 
Switzerland. This is approached by analysing taxation’s 
impacts before and after a customer joins the micro-grid 
whilst addressing cost aspects and the resulting effects on a 
wide range of stakeholders. Although not among the largest 
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and most active participants in the field of renewable energy, 
Switzerland offers an innovative economy that can utilise 
developed technology processes, knowledge, and experience 
from leading nations.  

The paper aims to highlight a need to revise the 
policymakers’ long-standing transactional view of taxation. A 
redefined role is proposed and aims to cultivate economic 
growth beyond hardware and installation whilst gaining 
access to advanced knowledge bases across the energy 
industry and beyond. 

2. Current Landscape 
With around 900 companies involved in the production, 

supply, and distribution of electricity, the Swiss energy 
market is highly fragmented[4]. The national energy grid is 
owned and operated by the neutral body Swissgrid who 
ensures non-discriminatory access for market participants 
through the separation of grid operations from the production 
and trading. Each month Swissgrid calculates the amount of 
balance energy per billing unit basis based on fifteen minutes 
usage[5]. The price differential can reach up to 50% 
depending on the canton and location. The electricity bills 
separately itemise the components for grid and energy, so 
customers can identify the costs for grid use, energy, and 
local authority taxes, contributions, and levies[6]. 

In 2007 the Federal Electricity Supply Act marked the 
beginning of a liberalised electricity market in Switzerland. 
Currently, only customers with annual consumption 
exceeding 100,000-kilowatt hours (KWh) can choose their 
suppliers, by 2018 smaller customers and residential users 
are expected to join them[7]. 

 

Fig. 1. Energy sources in Switzerland (adapted from Swiss 
Confederation, “Swiss statistics of renewable energy”, 2014). 

The largest energy power source of Switzerland (see Fig. 
1) is hydropower, covering 56.6% of the total generation. 
This is followed by nuclear at 40.0%, and new renewable 
sources delivering 3.4%—composed of solar 0.82%, biomass 
0.54%, wind 0.14%, and waste 1.70%[8]. Solar power is 
deemed the most promising sector for investment as 
hydropower energy locations are being utilised near to 
potential. Many wind zones are protected or privately owned 
thus offering a limited capacity for scalable wind power 
development. 

The stages of energy generation and distribution are 
currently joined using cables over large distances. This 
configuration however lends itself to a number of problems. 
A claimed loss of 8% is attributed to distribution with further 
challenges including overloads in power lines, temporal 
variability in energy demand, and the difficulty in balancing 
energy generation and demand[9]. The micro-grid concept 
presents solutions to address problems such as these. Located 
in the immediate vicinity of the consumers, traditional losses 
through distribution are eliminated and customers dependent 
on the macro-grid are reduced[9]. The control and 
management systems in the micro-grid make decisions to 
optimise its functionality. On a local level this can forecast 
power production capabilities of renewable sources, conduct 
generation scheduling, load shedding, calculate emissions, 
and demand side management[10].  

3. Attributes of Taxation 
Taxation is an effective driver of innovations in the 

renewable energy industry. From the policymakers’ 
perspective, it is essential to balance both the positive and 
potentially negative results of taxation decisions. The 
potential hazards have been posited as a prosumer backlash 
and accelerated grid defection[10]. In this new technological 
landscape, it is important for governments to achieve 
manageable equilibrium between these two scenarios whilst 
following an ideology of enlightened self-interest. 

Governments play a dynamic role in the micro-grid 
regulation. The current introductions of appropriate tax 
credits and exemptions encourage the use of renewable 
energy sources to reduce carbon emissions. For taxation, a 
one-off payment exists in Switzerland where around 30% of 
investment costs for a reference installation are 
reimbursed[11]. This opens promising investment 
opportunities for utility companies to invest in the micro-grid 
infrastructure. Stimulating this new sector of the economy 
can promote the employment opportunities in hardware 
design, installation, and maintenance. By encouraging new 
customers to purchase the equipment, the micro-grid’s 
profile could be raised with positive effects dispersing across 
the value chain. Maintaining consumer confidence is also an 
important concern for governments who must successfully 
manage the expectations in this niche market. If tax 
incentives existing today are likely to disappear in six 
months without sufficient warnings, then consumers are 
unlikely to commit to invest in the required assets and their 
confidence deteriorates.  

Taxation currently paid by energy consumers in 
Switzerland’s partially liberalised markets varies greatly 
between cantons. This ranges from below 0.77 to above 1.04 
rappen per kWh and amounts to around 3% of the total 
electricity costs paid for by the consumers[12]. The remainder 
is composed of (see Fig. 2): 44% distribution, 7% 
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transmission, 40% energy procurement, and 6% CRF—the 
state feed-in tariff for renewable sources[12]. The paradigm 
shift away from the centralised energy supply towards the 
customer driven market introduces a need to re-configure the 
current price breakdown and presents a new dynamic role for 
taxation. 

 

Fig. 2. Current electricity prices in Switzerland (adapted from 
Swissgrid, Electricity costs, 2015). 

4. Future Landscape 
The shift towards a model of self-harvesting renewable 

energy calls for a new taxation system for supply and 
demand. The micro-grid configuration (see Fig. 3) is used to 
illustrate these new concepts. The configuration comprises 
eight detached smart-homes in Montana, a remote 
municipality located at 1,500 metres altitude. With around 
2,300 inhabitants, this is one of the sunniest places of 
Switzerland experiencing a yearly average of 2,143 sun 
hours[13]. 

 
Fig. 3. Micro-grid scenario for a new taxation system. 

Each property has twelve 160 watt-peak (Wp) 
photovoltaics paired with an inverter, both together are 
capable of yielding around 2020 kWh annually under local 
conditions. There are various home energy storage solutions 
available, in this example each home is equipped with an 
individual rechargeable lithium-ion battery of around 7 kWh. 
Solar energy harvested during the day is stored in the home 

battery with a capacity of approximately 63 kWh. The eight 
homes are inter-connected using underground cables. When a 
home battery approaches full, the surplus energy can be 
shared with the other homes.  

On the level of crowd energy, a communal flow battery is 
shared between the properties. This large-scale energy 
storage platform has the capability of delivering around 30 

kW to 50 kW and offers higher discharge duration than 
conventional batteries[14]. The flow battery can operate in 
both “island mode” where it contains and distributes energy 
harvested by the homes, and in “connected mode” where it 
sources additional energy through a macro-grid interface.  

The flow battery has a limited volume and a storage time 
limit. When these limits are reached, energy is fed into the        
macro-grid and distributed to homes outside of the 
micro-grid. Consumers maintain the visibility of their power 
consumptions using a smart meter installed in the home. This 
shows how much energy is fed-in and taken out of the flow 
battery whilst advising how to improve the domestic energy 
efficiency. 

Transactions in the micro-grid are monitored by a smart 
metering system using predictive analytics. The two involved 
components are the home controller in the property and the 
central controller in the flow battery. Integrated within the 
home controller, the energy-sensing plane observes the 
property’s real-time energy data and executes a prediction. 
These data are sent to the central controller and include 
current and future energy consumption data, current and 
predicted energy harvesting data—by interfacing with the 
national weather service, and the current battery energy 
volume[15]. In this case example the central controller uses 
these data for energy allocation and pricing decisions for the 
eight homes. 

5. Taxation’s Impact on Demand  
The new prosumer is faced with high start-up costs to 

cover photovoltaic (PV) purchase, installation, maintenance, 
and energy storage. Currently, photovoltaic plants with an 
output not exceeding 30 kWp can be supported with a 
non-recurring payment that covers approximately one-third 
of the construction costs[16]. This is funded by a levy on 
every kilowatt-hour of electricity consumptions across the 
country and remains unchanged in the scenarios that follow. 

Three concepts are proposed to observe how taxation can 

Table 1: Expected results of taxation on micro-grid 
development from a demand perspective 

Proposed taxation 
for demand 

Expected results 

Exchange pairing 
tax Greater crowd-energy driven behavioural change

Net battery usage 
tax 

Increased self-sufficiency of prosumers 

Feed-in credit Greater energy savings 
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influence the demand to join a micro-grid (see Table 1): An 
exchange pairing tax between the community members, a 
prosumer net battery usage tax, and a tax rebate on the 
volume of surplus energy fed back into the grid. 

5.1 Exchange Pairing Tax  
The introduction of an exchange pairing tax between 

prosumers may transform the patterns of household energy 
use. In a July afternoon in Montana, it was 23 °C with 
one-eighth cloud cover. The occupants of house number two 
(Home 2) were away on a holiday, their home battery had 
reached the full capacity. Conversely, house number seven 
(Home 7) were entertaining guests and using an air 
conditioning system, their home battery was approaching 
empty (see Fig. 4).  

 
Fig. 4. Concept of the exchange pairing tax. 

In this scenario, the controller in Home 7 identifies and 
pairs with the controller in Home 2 and begins to receive the 
surplus energy feed. The exchange taxation for Home 7 is 
then calculated on each kWh of energy received from Home 
2. If at the end of the billing period, Home 7 has an organic 
energy deficit, it would be subject to a tax based on the 
volume of extra renewable kilowatts used from each of the 
other connected smart homes. During the same billing period, 
Home 2 were overseas for a three-week holiday resulting in a 
consumption surplus. Whilst unoccupied, the home 
controller automatically re-directs all energy to other 
households or the flow battery. In return, Home 2 earns the 
tax credits for future redemption when their demand may 
exceed the organic production. 

5.2 Net Battery Usage Tax  
In the second user case scenario, a different 

configuration is adopted and omits the direct exchange 
between properties to identify how the smart home interacts 
with the central flow battery. In this situation, each home 
battery provides organic energy to its property until 

becoming empty or full. When approaching full, all surplus 
energy is redirected to the central flow battery. Conversely, 
when additional power is required it automatically connects 
with the central flow battery to access a new source. In these 
instances, the homes and central controllers interact to 
monitor bi-directional energy flow and allocate either a tax 
credit or debit for each kWh fed into or out of the flow 
battery. This energy can then be redistributed within the 
micro-grid or, after a defined time limit, fed back to the 
macro-grid and sold by utility companies to other customers. 

5.3 Feed-in Credit  
Contributing prosumers are to be allocated credits when 

their harvested energy is fed into the macro-grid. For 
example (see Fig. 5), Homes 4–8 fed all of their daily harvest 
into the flow battery whilst Homes 1–3 are self-sufficient. 
On receiving the energy feed from Homes 4–8, the central 
flow battery reaches its storage time limit and as there is no 
demand from any of the eight smart homes, the energy is fed 
into the macro-grid. In this scenario, a taxation credit is 
allocated to Homes 4–8 as a form of remuneration. 

 
Fig. 5. Feed-in credit. 

Alongside the taxation concepts discussed, the 
introduction of a time-of-use tariff on all non-organic energy 
usage is to be implemented. Currently existing in France, this 
is aimed at peak-shaving seasonal demand. A higher tariff is 
charged during the certain days of the year and customers are 
notified of the schedule in advance[17]. This can help to drive 
behavioural changes in the micro-grid by encouraging 
consumers to use energy intensive appliances during 
off-peak times and to be more conscious about the general 
energy use. 

6. Taxation’s Impact on Supply 
The supply side of the micro-grid includes infrastructure 

projects or services that imply regulatory incentives. For 
developers and investors, solar raises similar problems to 
other energy projects including development, financing, and 
market growth. Compared with other renewable projects, 
solar requires higher investment due to the lack of 
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standardisation and high technology fixed costs. Long-term 
contracts for this sector are however becoming increasingly 
attractive for investment. The current feed-in-tariff system 
and low funding are a constraint as it can take between two 
and three years to cover the costs. Forthcoming government 
incentives may not be sufficient to bridge this gap, mainly 
due to the concerns of the low demand that could lead to 
over-production and market distortion similar to other 
European countries.  

Local utility companies are important suppliers to the 
micro-grid. Several studies however highlight the risks 
between these companies and prosumers, claiming they are 
considered as competitors rather than partners. There are 
technical and financial doubts on how micro-grids are 
expected to influence the local power companies’ business 
models and the functioning of the macro-grid[18]. Whilst the 
rise in prosumers threatens utility company energy sales, 
significant opportunities exist for collaboration. According to 
Wilson Rickerson, utility companies supporting the 
micro-grid expansion may create new industrial clusters that 
would profit from greater connectivity while also lobbing 
jointly on behalf of electricity industry transition[17]. 
Policymakers currently offer tax windows for companies to 
encourage private solar adoption. On a cantonal level there 
are alternative compliance fees whereby if local utility 
companies fail to purchase the prosumer harvested energy 
they are subjected to fine. Utility companies across the 
country currently offer prosumers special incentive 
programmes on the solar PV installation. 

Table 2: Expected results of taxation on micro-grid 
development from a supply perspective 

Proposed taxation 
for supply 

Expected results 

Employment tax 
credit 

Lower unemployment and development of a 
micro-grid cluster  

Property tax credit Promotion of local small and medium sized 
enterprises supplier networks 

Penalty tax Aggregation of community energy supply 
Import tax Promotion of Swiss renewable energy 

technology 
 

Four additional concepts are now presented. These are 
designed to influence supply (see Table 2) and engage a 
broad cross-section of the value chain. It is through this 
collaboration that the most lucrative benefits could be 
achieved through a process of learning and adaptation. 

6.1 Employment Tax Credit 
The introduction of job creation tax credits for 

companies producing complimentary technologies or 
investing in research and development would help create 
employment. The unemployment rate of 4.0% in Switzerland 
is comparatively lower than the neighbouring European 
Union countries[19]. This can be reduced further by 
promoting opportunities for both skilled and unskilled 
workers in the energy sector. If companies create a minimum 

of ten new full-time jobs over a 3-year period they could be 
eligible for tax credits. This should provide incentives for 
smaller businesses to expand their operations and develop 
apprenticeship programmes. 

6.2 Property Tax Credit 
To empower regional development and economic 

stimulus, a property tax credit could be introduced. Some 
isolated residential areas in Switzerland lack a proper energy 
infrastructure and therefore present high distribution costs. 
For customers in these locations, the micro-grid can facilitate 
complementary distributed generation but cannot completely 
replace the traditional transmission. It is important to note 
here the importance of integrating micro-grids with local 
power companies through synergy-geared policies. On a 
cantonal level, utility companies would receive tax credits on 
either properties or corporate incomes upon successfully 
attracting renewable energy suppliers to the region. 

6.3 Integration of Utility Companies in the Micro-Grid 
The cost of solar installation is an important 

consideration for the prosumers. For a building constructed 
in 2014, future prosumers must currently pay a basic 
contribution of 1400 Swiss francs (CHF) and a surcharge of 
850 CHF per kilowatt peak (kWp)[20]. In this concept (see Fig. 
6), an installation is offered free of charge and funded using 
carbon taxes collected from the non-renewable energy 
consumption. 

 
Fig. 6. Integration of utility companies in the micro-grid (free 
installation of PV panels). 

This government income would be assigned to financing 
tertiary education courses specialising in micro-grid 
configuration and design. The objective is to promote 
domestic innovation and provide a skilled workforce to 
conduct the installation of micro-grid hardwares on a macro 
level. Utility companies would also invest in this scheme and 
benefit from the future maintenance revenue through 
long-term prosumer contracts. 

The high purchase cost and payback period of 
photovoltaic panels makes the investment unfeasible for 
many consumers. The equipment leasing (see Fig. 7) is a 
viable alternative to expensive loans, and utility companies 

Advantages for Micro-grid: 
• More affordable 
• Extended guarantee and maintenance

Advantages for Utility company: 
• Benefit from maintenance revenue 
• Skilled workforce 
• Profit stability 

UTILITY COMPANY

FREE INSTALLATION
OF PHOTOVOLTAIC
PANELS 
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could provide this purchase option for customers. This would 
enable greater market penetration and cross-selling 
opportunities for maintenance and installation. Problems 
with this idea do exist however with several experts in the 
United States expressing their concerns about the feverish 
demand for PV leasing and comparing it to the recent 
mortgage crisis where payments terms were not met. To 
avoid this scenario, policymakers must enforce strict 
regulations and limit the number of panels available per year. 

 
Fig. 7. Integration of utility companies in the micro-grid (leasing of 
PV panels). 

6.4 Penalty Tax  
The introduction of a prosumer penalty tax has both 

monetary and behavioural objectives. In this concept, utility 
companies provide the communal flow batteries for the 
micro-grid (see Fig. 8). Companies can recover these costs 
by selling the energy prosumers fed into the central flow 
battery to other customers on the macro-grid. In this situation, 
prosumers are obliged to meet a monthly battery feed-in 
target. This idea aims to deepen the prosumers’ commitment 
to the crowd energy ethos by not over-consuming whilst 
ensuring utility companies receive sufficient remuneration 
for battery provision. The success of this initiative would be 
supported by a penalty tax enforced upon customers who fail 
to meet the feed-in target. 

 
Fig. 8. Integration of utility companies in the micro-grid (penalty 
tax). 

6.5 Import Tax Exemptions  
The availability of communal flow batteries can be 

widened using temporary import tax exemptions. This aims 
to enable a greater number of micro-grid programmes to be 
launched whilst driving domestic innovation of similar 
products in Switzerland’s already robust innovation 
ecosystem. An increase in Swiss patents and intellectual 
properties in this market space can also enhance the 
country’s credibility and attraction of foreign talent and 
investment.  

6.6 Home Energy Audit Service  
Consumers are often ignorant of how much energy they 

waste. This issue can be addressed by establishing a 
private-public partnership to offer the prospective micro-grid 
customers a home energy audit service. The service would 
see the measurement of energy consumption and advices 
given on how to reduce the costs. Trainee technicians 
following the carbon-tax funded tertiary education 
programmes would deliver the service. Properties would be 
inspected in the areas such as insulation and historical billing 
examined. This can help to manage expectations of cost 
savings and better educate the customers as a means of 
driving behavioural changes. The home service would be 
offered free of charge to households with the costs indirectly 
covered by the carbon tax revenue.  

7. Discussion and Results 

Taxation in the micro-grid is shaped by a number of 
influencers. This includes consumer demand and 
development in parallel technologies such as synthetic fuels. 
Whilst the role of taxation is important, the residential 
micro-grid’s emergence is underpinned by a number of other 
demand drivers. These span economic, behavioural, 
technological, and national conditions. Government policies 
surrounding these include the legal definitions of prosumers, 
procedures for connecting to the grid, rules governing the 
treatment of excess electricity, and efforts to reduce soft 
costs[16]. Climate also plays a fundamental role. In 
Switzerland the topography and rainfall help to explain the 
dominance of hydropower, but in developing a PV 
micro-grid, the annual average sun hours is most 
important[21]. The canton of Glarus for example experiences 
1274 sun hours whilst Montana’s average is 2143 hours[22]. 
The disparity here indicates the significance of climate when 
determining the validity of a micro-grid’s business case in a 
particular location. 

Through various push and pull factors, the micro-grid 
can be considered a driver behind the future growth of solar 
energy. An accurate growth forecast is difficult to provide 
giving the number of variables and dependencies discussed. 
On a macro level, the energy supply from fossil fuels is 
expected to continue to prevail for many years. The 
accelerated deployment of green technologies however puts 
greater pressure on governments to reduce carbon emissions 
through increasing taxes.  

Advantages for Micro-grid: 
• Wider adoption 
• No loan burden 

Advantages for Utility company: 
• Increase the demand 
• Experience and knowledge 

UTILITY COMPANY 
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FLOW BATTERY 
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exchange for the harvested energy 
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As an additional clean energy source, biofuel offers a 
number of alternative benefits. Introduced to the Swiss 
market in 2008, biofuel was met with limited success as 
consumers appeared more sensitive to price than 
environmental protection[23]. In April 2015, a German car 
manufacturer announced their state-of-the-art fuel 
“e-diesel”—a synthetic, clean-burning, and petroleum-free 
fuel made from water, carbon dioxide, and renewable energy 
sources. Although this clean technology has a net carbon 
footprint of zero, its commercialisation remains a long way 
off. Synthetic fuels such as this offer an attractive 
proposition for utility companies. With its extensive 
hydropower capabilities, Switzerland could produce 
synthetic fuel on a macro level as an additional source of 
energy. With an expected cost of between 1 CHF and 1.5 

CHF per litre, these types of fuels are thought to be a strong 
competitor to the traditional diesel[24]. Considering the 
characteristics and price of synthetic fuel, the taxation 
currently applied to sales of unleaded petrol and diesel can 
be replicated. This would present the opportunity for utility 
companies to use environmentally friendly synthetic fuels in 
parallel with macro-electricity generation.  

The policymakers must deliver incentives that foster 
micro-grid expansion whilst subsequently ensuring 
autonomy remains to make adjustments to the demand. 
Customer application processes and waiting lists both assist 
in regulating the transition from macro- to micro-grid. 
Without this control mechanism, the level of exposure is 
heightened for the traditional energy value chain and wider 
stakeholders. The current application system to receive a 
‘one-off remuneration’ for photovoltaic installation serves as 
a good example of this.  

Reducing carbon emissions is also a major concern for 
governments. Instead of supporting the development of 
alternative fuels, the issue is often tackled by reducing the 
demand for polluting fuels through increasing taxes. On 
becoming a prosumer, it is reasonable to assume that 
individuals become more frugal in their energy usage. A 
greater transparency of the consumption and a better 
understanding of the cost implications can promote domestic 
smart appliances. This impact could then cross-pollinate 
across different areas of innovations that are geared towards 
the efficient delivery of services. 

Traditional utility companies have high levels of 
structural inertia typically associated with high sunk costs. 
Whilst innovative in nature, this internal environment does 
not offer the agility required to quickly change the strategic 
directions. National economies have a high dependency on 
energy providers, it is therefore imperative to fully integrate 
them into the new micro-grid concept. This can avoid 
weakened sales performance through residential customer 
attrition whilst their expertises can be used to support 
domestic innovations.  

Although the electricity market in Switzerland is not 

liberalised for residential customers, utility companies 
supplying power to homes within a certain region must be 
fully engaged as stakeholders in micro-grid adoption. The 
conceptualised investment model of utility companies 
funding energy storage platforms serves as a good example. 
This measure is aligned with creating greater assimilation 
between prosumers, consumers, and energy providers who in 
pursuing similar objectives can benefit from creating shared 
value. Greater engagement could also enable utility 
companies to access remote residential areas at lower costs 
and complexity. Economies of scale could arise when flow 
battery investment reaches a certain level and utility 
companies can benefit from the lower distribution costs to 
surrounding non-micro-grid properties. 

Limitations exist with implementing a micro-grid in 
Switzerland, these originate from the market environment 
and the technical challenges of renewable energy products. 
The integration of PV solar panels, for example, can cause 
problems such as power overloading and blackouts[25]. 

Switzerland’s limited market potential reduces its 
desirability to investors. Large funds, asset managers, and 
venture capital firms consider investments in European 
countries, United States, and China to be more attractive. 
According to Nicolas Geinoz from the Association of Swiss 
Electricity producers (VSE), 80% of Swiss-based company 
investments go to renewable energy projects of which few 
are in Switzerland[26]. 

The high number of old residential buildings raises a 
further issue, as solar panel installation is more costly for 
older properties. Some modern homes however present 
similar problems with contemporary designs favouring 
flat-roofs, which are not conducive to the angled PV 
installation. According to the Eurostat Statistics, the rented 
accommodation accounts for 51.8% of the overall property 
market[27]. Owners show little interest in the solar panel 
investment, as they do not pay for the electricity consumed 
by their tenants. This limitation can be addressed by making 
property owners more accountable for the energy consumed 
in their properties. A further socioeconomic limitation 
derives from the individual’s resistance to change. 
Inhabitants of remote villages tend to oppose new 
innovations designed to help them. This mind-set presents a 
significant challenge for utility companies as they seek to 
integrate the micro-grid into a target market of small 
communities. Methods such as the home energy audit seek to 
educate customers of the benefits and reduce this constraint. 

A further limitation is the solar PV market remuneration. 
In Switzerland, as in other European countries, feed-in-tariffs 
were introduced to facilitate the use of renewable energy by 
offering prosumers the opportunity to sell the harvested 
electricity to utility companies in exchange for fees above 
the market price. In Switzerland, policymakers oblige small 
prosumers to sell generated energy for market price whilst 
large energy producers have the possibility to trade energy 
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through the feed-in-tariff system. This reduces the attraction 
for small prosumers to invest in the renewable resources. 
 

8. Conclusions 
In a global context, the disruptive technology introduced 

by the micro-grid presents both threats and opportunities for 
utility companies. The traditional supply chain of centralised 
generation and long distance transmission is somewhat 
abolished. On a global scale, according to the International 
Energy Agency, micro-grids hold significant potential to 
eliminate the energy poverty that affects over one billion 
people[28]. Utility companies and their suppliers must ensure 
they focus on creating shared value in the new paradigm of 
micro-grids. Unless they integrate themselves as a key 
component in the value chain, they risk losing their long 
enjoyed market domination and control. 

The taxation concepts discussed in this paper span 
imports, credits, windows, carbon emissions, exchange, and 
penalties. The objective behind each of these is defined with 
the expected results and effects on different stakeholders. 
Taxation plays an important role in shaping micro-grid 
development and renewable energy distribution throughout 
the world. Governments have an important function in 
facilitating this change through a diligent process of thought 
leadership. A balanced input of technical skill and knowledge 
across a broad spectrum is required to ensure accurate 
forecasting and delivery of successful taxation policies. This 
comprehensive understanding of key drivers can optimise the 
transition from consumers to prosumers and form the critical 
foundation from which policymakers can operate. 
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