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1. Description of deliverable and goal

1.1. Executive summary

The here presented tool is a user interface for the TREES simulation platform
addressing the investigated flexibility business models. The user interface enables the
industry partners to test their own scenarios in the TREES simulation model in an easy

to use way with intuitive output graphs.

1.2. Research question

*  What are attractive business model strategies for decentral flexibility?
* How can the TREES simulation model be made accessible in an intuitive way for
industry partners?

1.3. Novelty of the proposed solutions compared to the state-of-art

For this deliverable we expanded the existing TREES simulation model that originally
focused on simulating the diffusion of self-consumption concepts in energy systems
with three different business models for decentral flexibility. The TREES simulation
model now allows testing variants of business strategies for the business models
“battery swarm”, “district battery” and “multi-energy flexibility”. With its focus on the
long-term business dynamics of the flexibility aggregator business models, the TREES
model also contributes in advancing the state-of-art in the international academic
literature on flexibility aggregator businesses.

The developed user interface makes the platform easy accessible for our industry
partners and enables them to test a broader range of scenarios than discussed in the
project presentation. While simulation cockpits are not new in itself, we are convinced
to provide a unique benefit to our project partners in combination with the advanced
TREES model. The approach is also novel in respect that complex simulation models

are made accessible to project partners and allows them to steer the model themselves.

1.4. Description

The advanced TREES platform and the gained results are presented in detail in the
attached presentation “JA RED_District battery & Multi Energy Flexibility_Business
Cases” for the progress made in the reporting period of 2018-2019.

The user-interface is web based and has the following core elements:



* An introduction page that illustrates the TREES model in a conceptual
manner and at the same time highlights the parameters that can be changed
in the cockpit and where they connect in the model (Fig. 1).

» A decision-setting menu that allows selecting between the three different
business models and defining various aspects of the particular design to be
tested (Fig. 2 & Fig. 3)

» The dashboard of output variables that is again split in multiple sub-
dashboards for the respective sub model parts (e.g. consumers, revenues,
characteristics for each business model). (Fig. 4).

* A run manager that allows selecting the simulation runs of interest. The
cockpit allows testing and comparing variants of business strategies for a

business case, as well as a comparison across different business cases.

The user-interfaces are each customized for the two applications for Romande Energie
and Arbon Energie/Siemens and represent the supply areas of each study and the

investigated business models.
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Welcome to the flexibility cockpit for Romande Energie! Here, you can test different

ies for i
flexibilities. In the case of the Battery swarm, for example, you pool the flexibilities of numerous home batteries (as illustrated in
the figure above)

Figure 1: Introduction page of the user-interface for the TREES model.
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Based on the System Dynamics models of Meria Kubli you can create your own scenarios for the different flexibility business 3

cases. m ' —_— .
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1. Choose a business model (e.g. Battery Swarm) and set the Technology Learning Curves for the Simulation. Note: the ‘ﬁﬁ ’

district battery business model can not be combined with other business models .

2. Go to the according decisions' tab 2a) or 2b) (e.g. tab "2a) Battery Swarm") where you can alter parameters and specify
the specific business case.
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3. In the last tab, "3 Valorization of Flexibility", you make isi garding how you will valorize the flexibility gained
through the chosen business model.

4. Give your simulation a name and press the "Save & Simulate" button (located at the bottom of each tab). You will be

1) Choose your Business Model

a) Battery Swarm (off / on)

b) District Battery (off / on)

c) Multi-Energy Flexibility (off / on)

Please choose either a), b) OR c). Only the following combination is allowed: a) + c)
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Figure 2: Front page for the decision options.

Technology Learning Curve

Photovoltaics (PV) @

PSl realistic v
Batteries @

Tesla -
New f are first deployed in small and ively t-i itive niches

where their performance attributes are valued. The learning effects reduce costs and
enable the technology to succeed in a broader range of applications. Increased
deployment leads to further cost reductions, which lead to further deployment

Reset
Nanwe _

powered by forio epicenter =




kubm  logout

_\6“‘_';“ JA RED Flexibility Business Cases

Introduction Dashboards ~ Run Manager

1Business Model 2a) Battery Swarm 2b) District Battery 2c) MEF

Create your own scenarios and learn how to successfully manage your battery swarm. By playing with the parameters below
you can specify your battery swarm, make tariff decisions and maximize long-term value creation.

— Next step: You then choose between flexibility valorization strategies in the tab "3 Valorization of Flexibility".
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Figure 3: Decision options for the battery swarm business case.
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Figure 4: Dashboard for the particular business case aspects of the battery swarm (selection).

2. Achievement of deliverable:

2.1. Date
July, 2019

2.2. Demonstration of the deliverable

Please see the description under point 1.4 that demonstrates the user-interface. In
addition, the detailed simulation results and analysis are attached as a presentation
(document “JA RED_District battery & Multi Energy Flexibility_Business Cases.pdf”).

Furthermore, a comparative analysis between the two studied regions of Romande



Energie and Arbon Energie was conducted, also highlighting the synergies between the
two partial projects. The results are documented in the presentation “Comparative

analysis Romande Energie vs Arbon.pdf”.

3. Impact

3.1. Relevance to other activities

The advancement of the TREES simulation platform will enable using the same model
structure with adaptation for testing flexibility business models for other regions, as
well as testing new flexibility business models. The user-interface itself is a
communications and user tool and therefore an end product. But the applied structure
and software behind allow replicating this approach for other projects. This is also
demonstrated by applying the same general principle for the user-interface for

Romande Energie as well as for Arbon Energie.

3.2. Replicability

Both the advanced TREES simulation platform as well as the user-interface can be
adapted for applications in other regions. Nevertheless, regional characteristics have
to be taken into account as they influence the decentralization dynamics in a region as
well as the profitability of the business models (as can be seen in the comparative
analysis “Comparative analysis Romande Energie vs Arbon.pdf”). For these reasons

some adaptions have to be made for replicating the conducted work.

3.3. Relevance to the energy transition
The TREES simulation platform along with its user-interface enable testing business
strategies for decentral flexibility by energy actors. With this, a platform is provided to

pre-test investments without facing the potentially wide reaching impacts, of both

positive and negative nature. By doing so, we give the project partners a more solid

basis for investment decisions in new business cases that will contribute to the Swiss

energy strategy.
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« Comparative analysis of the business case of Romande Energie and
Arbon demonstrators

« Hypothesis: Regional characteristics influence the decentralization
dynamics of energy systems and the attractiveness of business models
* Research questions:

— How do the decentralization dynamics of energy systems differ between the
two regions in terms of the diffusion of prosumer concepts?

— Which factors promote or hinder the success of the district battery renting
business model in the two regions?
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1. Characterization of the two regions
— Historical growth of the number of prosumers
2. Comparison of the TREES reference simulation
— Scenario where the utility does not offer a specific model for prosumers
— Simulated market share of different prosumer concepts
— Evolution of grid tariffs and electricity bill
3. District battery renting business model
— Simulated market share of different prosumer concepts
— Breakdown of the factors influencing pricing
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Historical data

* In both regions, the number of
customers with decentral PV
production has grown steadily
since 2009

* The two regions differ greatly in
Size (see Y-axes)

— For the following comparison,
the simulated number of
prosumers are scaled by the
total number of customers in
each segment to enable a
realistic comparison.
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Historical prosumer data
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Comparison with data a

* In both regions, the model reproduces observed dynamics for the period
2009-2018

« Historical data includes all prosumer concepts (with or without storage)

120

400

300 %0 | ™
w200 60 S0
) 30 | 25
g 100
3 0 0 0
o
o
Y
(=]
)
= 3000
S 20000 4000 '
Z 2000

10000 2000 1000
0 seeeve _ | ! 0 eee | _ L0 e _ | _
2010 2015 2020 2025 2030 2035 2010 2015 2020 2025 2030 2035 2010 2015 2020 2025 2030 2035

w?

SCCER CREST c



Reference simulation — Diffusion of Zh sehoo! o

Engineering

prosumer Concepts aw INE Institut fur

Nachhaltige Entwicklung

« Market share of (non-storage) prosumers is higher for Romande Energie
than for Arbon among residential customers

* There are slightly more storage prosumers in Arbon. However, this effect
does not offset the lower number of prosumers.

Single family house Multi-family house Industry
Arbon
Prosumers

. Arbon
Storage prosumers

Romande Energie
Prosumers

. Romande Energie
Storage prosumers

Market share of prosumer concept [%]
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Reference simulation — Grid tariff aZ& Engineeting

Simulated volumetric grid tariff )
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« Contributing factors

— Assumed increase of grid costs:

* no increase for Arbon (assumption by the project partner, due to extensive past
investments into the grid infrastructure)

* 3% per year for Romande Energie (standard assumption by the Swiss Federal
Office of Energy)

— Positive feedback between the number of prosumers and the grid tariff.
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Reference simulation — Electricity bill

Increasing grid tariffs make it increasingly attractive to

become a prosumer in the Romande Energie area. But

also the electricity tariff and PV feed-in tariff incluence
the attractiveness in a positive manner.
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* The district battery offer is...

— ... attractive for all customer segments in the Romande Energie area
— ... only attractive for industrial customers in Arbon

Single-family house Multi-family house Industry
Launch date of ¥ | | — Prosumers
the district ~ §z— | 1 | .
battery renting fewer storage * Storage prosumers
offer: 2020 prosumers than

Arbon
Flexible prosumers
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Market share of prosumer con

Romande Energie
Flexible prosumers
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e Competitive battery rent:

— The price that the utility can charge for renting battery capacity, so that the
offer is more attractive to the customer than the prosumer or home battery
concepts

— Negative values mean that the offer cannot compete with the alternatives

Competitive Battery Rent
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District battery — Customers’ perspective aZh Enginesring

« Comparison of customers’ costs and revenues for the district battery vs.
home battery cases (for the case of a single-family house)

« District battery is attractive if: additional income > additional costs
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prices fall
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Arbon Arbon with certificate Romande Energie
of origin

Battery size Storage 7.44 kWh 7.44 kWh 4 KWh
Prosumer

Electricity price (inkl. 5.82 Rp/kWh 5.82 Rp/kWh 10.65 Rp/kWh
taxes)

Grid tariff (in 2020) 12.06 Rp/kWh 12.07 Rp/kWh 10.85 Rp/kWh
Autarky degree 37% 37% 37%
Prosumers

Autarky degree Storage  65% 65% 48%
Prosumers

PV-feed in price 5.05 Rp/kWh 10.05 Rp/kWh 8.16 Rp/kWh
Supportive for the district battery renting model (high Hindering for the district battery renting model (low
competitive battery rent) competitive battery rent)
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The competitive battery rent....

= ... Is defined, depending on the situation, by the opportunity costs of
prosumers respecitvely the storage prosumers.
= ... reacts very sensitively to external factors (battery size capacity of

storage prosumers (resp. Investment volume), electricity price, grid tariff,
autarky degree and PV feed in tariff).
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» TREES reference simulation

— In the area of Romande Energie, we observe a stronger decentralization trend,
as compared to the area of Arbon Energie.

— One essential factor, among others, is the substantial increase of the grid tariff
In the case of Romande Energie, which incentivizes the adoption of prosumer
concepts.

« District battery renting model

— The district battery renting business model is successful for Romande Energie,
in all customer segments.

— For Romande Energie, the district battery renting offer reduces the number of
prosumers with home batteries.

— In Arbon, joining the district battery is financially less attractive than investing in
a home battery for single-family and multi-family houses. With the industry
consumers the most relevant target customer segment however still shows a
lasting positive customer value.
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