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ABSTRACT 

This paper analyses the feasibility of smart microgrids 
for business sites by means of a new developed Business 
Analysis Model. Smart microgrids accommodate the 
local power exchange between local production and 
consumption via smart grid technologies. Without 
regulatory changes smart microgrids are however not 
feasible. The most important conditions to turn it into a 
success are related to the creation of a local loop, where 
production is near consumption and stakeholders are 
willing and incentivized to cooperate energetically. This 
way, also smaller industrial and commercial consumers 
are enabled and encouraged to participate in energy 
management and contribute to the energy transition. 
Distribution Network Operators should be given 
regulatory options to apply dynamic tariffs for energy 
related transport costs and to offer the collective 
settlement of power related transport costs over the point 
of connection for a business site. 

INTRODUCTION 

The traditional electrical infrastructure, based on 
centralized generation and top-down distribution, is 
transforming towards a new digitalized grid, based on 
decentralized generation and new grid architectures. This 
transition is driven by trends such as a paradigm shift 
towards a supply driven energy system, the need to 
evolve towards smart energy systems and a shift from 
centralised towards local solutions [1]. This smart grid is 
able to meet traditional demands such as availability, 
acceptability and affordability with improved and 
additional high-level services [2]. Based on already 
visible trends, a breakdown of regional distribution grids 
into smaller and smarter grids will be enabled by 
implementing innovative ICT technologies. Microgrids 
can play an important role within this new grid 
architecture, because sustainability can be linked to 
solving problems locally in small scale energy 
communities such as business sites [1]. Smart microgrids 
need intelligence including associated costs. This paper 
analyses the financial feasibility of smart microgrids. The 
structure of this paper is as follows. The concept of smart 
microgrids will be explained; the B2B market introduced 
and explained why smart microgrids can be of interest for 
a DNO. A Business Analysis Model for smart microgrids 
within business sites will be described. Results of a 
business analysis for a greenfield pilot project will be 
explained, followed by conclusions and next steps. 

SMART MICROGRIDS IN A B2B MARKET 

A smart microgrid is a system oriented concept based on 
an integral optimisation of a local power system. It must 
accommodate local power exchange between distributed 
generators, consumers and storage capabilities via a smart 
distribution grid on and near a business park. The concept 
of this local power exchange is also referred to as a “local 
loop” [3].  

 
Figure 1 Scope smart microgrid concept (adapted from [4]) 

Industrial & commercial sites (Business-to-Business 
(B2B) market) have several sustainable objectives such 
as energy neutrality (on a yearly basis), energy efficiency, 
reduction of energy costs, increased quality of supply, 
minimization of electric losses, CO2 reduction and 
efficient use of distributed energy resources (DER). The 
deployment of smart microgrids can contribute to these 
objectives. The B2B market is a high potential sector for 
smart microgrids compared to the residential sector. 
There is a larger energy consumption including 
associated costs, so investments in smart grid technology 
can recoup themselves faster. There is also more potential 
in changing load profiles by Demand Side Management 
(DSM), especially if stakeholders are working together. 
B2B consumer requirements are quite straight forward, 
their emphasis is on decreasing electricity costs, maintain 
(or increase) reliable electricity supply and an increasing 
interest in green energy to give their company a leading 
edge in sustainability. They want to monitor consumption 
more closely and are actively engaged in energy 
efficiency and human comfort. Industrial consumers have 
more specific needs and requirements regarding energy 
management then commercial consumers. Their 
requirements are application-specific and to meet them, 
extensive knowledge of their specific industrial processes 
is required.  
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Therefore, energy management at (large) industrial 
premises already features aspects of smart grid 
technology for decades. Energy Management Systems are 
very specific systems, carefully tailored in order to 
decrease energy related costs, without compromising 
production and safety concerning core activities.  
 
A Distribution Network Operator (DNO) is increasingly 
experiencing political and public expectations with 
respect to reliability and affordability of distribution 
grids. Regulating authorities will fine DNO’s with 
penalties for excessive disruptions. Considering the 
challenges of DNO’s regarding the integration of 
renewables and aging assets, reliability will become an 
important issue to improve the cost-effectiveness of their 
future distribution grids. The incurred costs associated 
with a public grid are met by grid tariffs. In practice, 
system users can, on the short term, influence their 
consumption and production by means of flexibility (e.g. 
load shifting, energy savings, peak shaving), which will 
influence power flows on a local/regional scale. The 
power flow is related with the underlying cost structure 
of a DNO, which consist of costs for connections and 
costs for transport. In general, every new connection 
requires an investment in assets and the associated costs 
are met by initial connections charges. Occasionally, a 
new connection causes a bottleneck elsewhere in the grid, 
and a DNO needs deep investments for reinforcement. 
The network tariff structure and the allowed tariff level 
by regulating authorities determines how many of these 
costs will be covered by a customer that is being 
connected, and how much will be socialized. Transport 
costs are divided into transport dependent and 
independent costs. Influencing the power flow will 
influence the transport dependent costs of a DNO. The 
main components of the costs for connections and 
transport, which are influenced by the pattern of 
production and consumption, are CAPEX, technical 
losses and transmission transport costs [3] [5] [6] [7]. 
Capital Expenditures (CAPEX) means that new assets 
might be dimensioned for a lower capacity and an 
upgrade of existing infrastructure could be superfluous or 
postponed [8] [9]. Technical (quadratic) losses have to be 
purchased by a DNO, the amount of transported power 
thus influences the associated costs directly. Another 
important issue influencing grid losses is the distance 
between production and consumption: the shorter the 
distance, the lower the losses. This is an advantage of 
local balancing within smart microgrids. However, grid 
losses are also dependent on the capacity factor, if grid 
assets are used more efficiently (meaning near their 
nominal (dimensioned) load capacity), grid losses 
increase. TNO transport costs (principle of cascades) will 
be lower if a DNO applies capacity management by 
means of local DSM. Concluding, DSM at customer 
premises will create economic value for DNO’s and 
system users should be compensated for offering their 
flexibility.  

 
Figure 2 Economic value of flexibility (adapted from [10]) 

Applying smart grid technology within business sites will 
offer opportunities to accommodate the local power 
exchange between distributed generation and 
consumption for multiple stakeholders. Major questions 
are: “how to create value within smart microgrids and is 
it a feasible concept?”. This paper answers these 
questions by performing a business analysis for smart 
microgrids. The paper will show results of a business 
analysis for a real pilot project in a greenfield situation. 
The project is supported by the Intelligent Networks 
Innovation Program (IPIN) of the Netherlands Enterprise 
Agency and performed by a consortium of a DNO 
(Alliander), a municipality, Eindhoven University of 
Technology and energy service supplier Cofely GDF 
Suez.   

APPROACH 

To perform a business analysis for smart microgrids, a 
novel Business Analysis Model (BAM) is developed. As 
depicted in Figure 3, the BAM consists of four steps. Step 
1 is an inventory of the technical potential within a 
business site. Step 2 defines value propositions within the 
concept of smart microgrids. Step 3 summarizes ICT 
related costs associated with smart microgrids. Finally, 
step 4 calculates several results based on input variables 
as stated in step 1, 2 and 3. Some of these variables are 
however unpredictable or may vary, because of changing 
contextual surroundings. By applying Monte Carlo 
simulation techniques a risk analysis is performed. 
Several probability distribution functions for input 
variables, which have inherent uncertainty, are 
substituted. Results are calculated over and over, each 
time using a different set of random values from the 
probability functions, producing distributions of possible 
probabilistic output values. Results show not only what 
could happen, but how likely each outcome is. Monte 
Carlo simulations also perform a sensitivity analysis, 
which enables to see which input variables impact an 
output variable the most.  
 

 

Figure 3 Business Analysis Model (BAM) for smart microgrids 
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Step 1 : Technical Potential of a Business Site 
Step 1 concern the technological characteristics of B2B 
sites, which are highly dependable on chosen future 
scenarios, load forecasts, spatial strategies, etc. These 
technological characteristics indicate the potential of 
smart microgrids on business sites. Examples of these 
characteristics are depicted in Table 1. 
 

Category Variable Description 
Capacity Grid Capacity Maximum transport capacity 
Consumption Peak Maximum power consumption  

per year 
Energy Total energy consumption per year 
Consumers Number of connected consumers 
% consumptie 
of  DG 

% of consumption which comes 
directly from local production  

Generation Peak Maximum production per year 
Energy Total amount of DG-RES energy 

Flexibility Flex 
providers 

Number of flexibility providers 

 % flex power Estimation of flexible power as a 
percentage of peak consumption 

 % flex energy Estimation of flexible energy as a % 
of energy consumption 

 kW flex Amount of flexible power 
kWh flex Amount of flexible energy 

Table 1 Examples of technological characteristics 

Step 2 : Value Propositions 
EPRI defined 22 benefits which smart grid technologies 
can offer [11], which are split into four categories:  
economical, reliability, environment and security. 
Economic benefits come from a variety of factors, like 
optimized generator operation and investments, reduced 
faults and failures, reduced investments in grid capacity, 
selling of ancillary services, cost saving, etc. Depending 
on the technologies used, reliability can increase as 
outages decrease, power quality increases and restoration 
of outages will cost less time and money because of 
automation. Environmental aspects cover air emissions 
and environmental damages following from those 
pollutions. Security is related to independency of supply, 
decreasing vulnerabilities of supply, maintaining full 
access to cheap energy and a reduction in wide-scale 
black-outs. This paper will focus on economic benefits. 
The following benefits [11] are selected as monetizable 
benefits within smart microgrids: 1) commissioning of 
flexibility, 2) local consumption of locally generated 
electricity, 3) local design benefits and 4) combined 
capacity. Economic benefits can be translated into Value 
Propositions, activities performed by one party, creating 
value for another party. Core activities within electrical 
infrastructures are transport, supply and balancing of 
electrical energy, each of them consisting of several 
services including a cash-flow between stakeholders. 
Traditional services are supplied by actors with a specific 
role. As a result of changes within the entire energy 
sector, traditional roles are put under pressure and can 
change. They gradually will get other or additional 
functions, or will lose their function at all.  

Additionally, also new services due to the introduction of 
smart grid technologies may arise. Two examples of new 
roles are the aggregator and the Energy Service Supplier 
(ESP). The aggregator is a trustee of the, by its customers 
offered, flexibility. This flexibility is aggregated and 
optimized for his own portfolio, offered to various 
parties, both inside and outside the business site, aiming 
to create as much value as possible for this flexibility. 
Within a specific business site there can be a number of 
aggregators actively present. An ESP for smart 
microgrids is acting as a DSO [12] [13] [14] with a 
primary objective to optimize the local power exchange 
within a specific business site. An ESP can contract 
locally present aggregators to dispatch flexibility if 
required [15]. 
 
A bottom-up approach to gain insight in Value 
Propositions is by looking at a breakdown of an 
electricity bill as depicted in Table 2.  
 
Market Service Incurred cost Bill Items 
Transport 
 

connection Initial connection tariff (€) 
Periodical yearly charge for 

connection (€) 
transport transport 

dependent 
transport tariff (€/kwh) 
monthly peak  
tariff (€/kw) 
contracted power 
tariff (€/kw) 

transport 
independent 

Yearly fixed charge for 
transport (€) 

metering Metering yearly charge for 
metering services (€) 

Energy supply supply 
dependent 

supply (€/kwh) 

supply 
independent 

fixed charge for supply 
(€) 

Balancing system Transmission system services tariff 
(€/kwh) 

Table 2 Breakdown of an electricity bill for B2B consumers 

Value Propositions are based on influencing these bill 
items to decrease the incurred costs. Examples of value 
propositions for local power exchange within smart 
microgrids are depicted in Table 3. The market 
“balancing” will not be taken into consideration within 
this paper because the objective is to examine the 
feasibility of local power exchange, system services are 
meant for nationwide balancing. 
 
Market Topic ID Value Proposition 
Transport Aggregated 

peak reduction  
VP1 Peak reduction by 

deploying flexibility 
VP2 Smart company selection 

Transport tariff 
reduction  

VP3a 
VP3b 

Dynamic transport tariffs 

Energy Supply costs VP4a 
VP4b 

Purchase energy from 
DER  

Energy tax VP5a 
VP5b 

Energy Tax 

Table 3 Selection of Value Propositions (a = without using 
flexibility, b= using flexibility) 
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VP 1 and VP 2: Aggregated Peak Reduction 
Consumers in the B2B segment are charged for their 
monthly peak (€/kW) and contracted power (yearly peak 
in €/kW). Aggregated peak reduction comprises activities 
which reduce the peak as a collective at the POC for the 
entire business site. Stakeholders are cooperating 
energetically as much as possible, acting as one large 
consumer. This way, also smaller industrial and 
commercial consumers are enabled and encouraged to be 
more involved in their energy usage and management and 
to contribute to the sustainable transition. This will result 
in decreased power related transport costs for connected 
consumers, which can be settled as a collective by an 
ESP. Aggregated peak reduction can be reached by the 
commissioning of flexibility (VP1) and by a smart 
selection of connected parties (VP2). VP1 requires ICT 
systems to unlock and dispatch flexibility. VP2 is based 
on the inclusion of DG in the local loop and a well-
chosen mix of companies concerning load profiles. The 
latter is mainly applicable for green fields which require 
an integral vision and strategy of municipalities or project 
developers for regional planning of sustainable business 
sites. An advantage of VP2 is that peak reduction at the 
POC can be reached without using DSM at customer 
premises.  
VP 3: Transport Tariff Reduction 
Transport tariff reduction concerns the reduction of 
energy flows through the POC of a business site. 
Individual “B2B” consumers pay a fixed transport tariff 
(€/kWh). By consuming locally generated energy as a 
collective (VP3a), the total amount of energy transport 
through the POC will be reduced. This reduction can be 
increased by using flexibility (VP3b), however, not all 
consumers are able to offer flexibility. Dynamic 
Transport Tariffs mean that the local consumption of 
locally generated energy will be charged with a reduced 
transport tariff for energy related transport costs on an 
aggregated level at the POC. Revenues will be settled by 
an ESP towards individual consumers. For this paper, a 
low transport tariff (€/kWh) is used in the BAM for the 
amount of consumption of DG generated energy, and a 
normal tariff in case there is no consumption of DG 
generated energy. There are various ways to take care of 
dynamic tariffs, this paper shows on a simplified manner 
the effect of dynamic tariffs on the business case for 
smart microgrids, by using an additional low tariff.  
VP 4: Variable Supply Costs 
This VP assumes that locally generated energy by DG-
RES can be supplied and delivered by an energy supplier 
with a special discount because of several reasons. At 
first, in case of bilateral agreements there are less 
intermediaries. Secondly, the local situation allows 
(VP4a), inter alia through DSM (VP4b), that local 
demand is in line with local supply. A supplier will have 
increased certainty in energy sales with a predetermined 
price. Thirdly, committed DSM could secure Balance 
Responsible Parties forecasts and decrease risks 

regarding imbalance costs. Fourth, in case of a feed-in 
subsidy system (Figure 4), subsidy is based on the 
difference between the actual e-price and a predetermined 
reference price for subsidy. There is however also a lower 
limit (red dotted line) for subsidy. If the actual e-price 
falls below this limit, no subsidy is paid, the red bars are 
losses. This situation can occur if a lot of wind is offered 
to the commodity market, resulting in decreased 
electricity prices. In this case there are two risks for DG-
RES operators: a low energy price and no subsidy. Smart 
microgrids can decrease these risks by means of bilateral 
contracts with agreed e-prices which avoid reaching the 
lower limits for DG-RES operators and still be attractive 
for local consumers.  

 
Figure 4 Feed-in subsidy working principle 

VP 5: Energy Tax 
To stimulate energy consumption from DG-RES, the 
government can offer tax benefits for that part of 
consumed energy which is not transported over the POC 
by consuming locally generated energy. This part could 
be made tax free or have a reduced tax tariff.  

Step 3 : Costs 
The costs for smart microgrids are based on costs for the 
ICT systems, which an ESP and aggregator charge to 
consumers. The aggregator charges costs for energy 
management (interface) boxes at customer premises and 
costs for cloud services to host aggregation services to 
manage customers flexibility. The ESP charges 
consumers for cloud services to host “DSO” services to 
optimise the local loop. 

Step 4: Results 
The input variables are entered into the BAM based on 
knowledge from consortium partners. The BAM takes 
effects of regulatory barriers for energy taxes, dynamic 
transport tariffs and the aggregated settlement of 
transport costs by a DNO into consideration to verify its 
influence on feasibility. The BAM performs several Cost 
Benefit Analysis (CBA). For this paper a CBA for “local 
optimisation” and for “flexibility usage” are selected. The 
CBA for the concept as a whole is a summation of the 
two above mentioned CBA’s. The CBA for local 
optimisation concerns an analysis in which all CBA’s 
without using flexibility and costs for ESP services are 
taken into consideration:   
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The CBA for flexibility usage concerns an analysis in 
which flexibility and costs for aggregation services are 
taken into consideration. 
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If energy taxes, dynamic transport tariffs and the 
aggregated settlement of transport costs are implied, the 
biggest impact on results is where consumption of DG-
RES generated energy is stimulated with energy tax 
reductions. Cost savings compared to a “business as 
usual” scenario are 22% in this case. It is however 
questionable if this is a realistic assumption. If taxes are 
excluded, the most promising scenario is where dynamic 
energy related transport costs and the collective 
settlement of power related transport costs are included 
(Figure 5). The cost savings in this case are 4,4%.  
 

 
Figure 5 CBA results for” smart microgrids as-a-whole” in the 

year that the pilot-project’s business site is built completely 

In this scenario, local optimisation generates the most 
value. The most important variables from a revenue 
perspective are low transport tariff incentive (86%),  DG-
RES supply discount (28%), amount of consumed DG-
RES energy (23%) and the collective settlement of 
transport costs (21%). For the CBA flexibility usage 
these are the amount of available flexible power (68%) 
and the number of flexibility providers (48%) which also 
indicate costs for aggregation services. From an expense 
perspective the most important variables are costs related 
with ESP (14%) and aggregation (31%). 

CONCLUSIONS AND NEXT STEPS 

An overall conclusion is that smart microgrids are not 
feasible without regulatory changes. To turn smart 
microgrids into a success there are the following next 
steps. At first there must be a local loop, where 
production is close to consumers. Secondly, local 
stakeholders must be willing to cooperate energetically 
and financially, a huge challenge in a complex sector. 
Thirdly, DNO’s should be given regulatory options to 

apply dynamic transport tariffs and to offer collective 
settlement of power related transport tariffs, in such a 
way that it will do justice to local sustainable solutions.  
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