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Objectives and Aims/Goals

The 37th IAEE International Conference will take place in Mew York City

between June 15 and 18, 2014, and will focus on the relationship
bpetween economic growth and energy. This relationship grows ever
maore important as economies around the world strugale to
reinvigorate themselves and to develop energy resources in sensible,
sustainable ways. Can economic growth be stimulated even with
pressure to reduce if not farego certain forms of energy for
environmental or safety reasons?® Alternatively, can energy
development be a major force that stimulates economic growth® What
policy framewark would maximize the contribution of energy to growth
while encouraging efficient substitution of sustainable for less
sustainable sources?

Mew York City is the financial center of the United States, a place
where multi-billion dollar bets are laid on future economic growth and
on energy technologies, and therefore a place where analysis of
subjects like these is constantly in demand. Some of the very best
minds in energy economics in the world will assemble there for what
promises to be one ofthe best and biggest IAEE Conferences ever.
Already, the Administrator of the LS Energy Information Administration
has committed to address the opening session ofthe Conference an
the renaissance in U.S. energy and what it means for the country and
the world. Other high level policy makers will talk about the challenges
they face, while business professionals and academics will offer
practical and analytically-based approaches to meeting such
challenges. The agenda will be filled with topnotch speakers plus a
number of concurrent sessions, places where the results of specific
topical research will be presented and absorbed.

The conference also will offer networking opportunities through
informal receptions, breaks between sessions, and student
recruitment. These provide opportunities for attendees to renew
acquaintances and to forge new ones. There will be special events for
students, including paper, poster and case competitions, and side
trips to interesting energy-related locations. Mew York City offers a
mvriad of cultural atractions from musewmes o musical dramatic and
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Who Should Attend?

Energy Company Executives and Managers
Energy Policy Analysts
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Governmental Employees in Energy Resource Planning

Academics Specializing in Energy Policy and Analysis
Electricity Pricing and Market Analysts

Energy Consultants

Energy Company Planners

Economic Energy Risk and Derivatives Specialists
Oil and Matural Gas Executives

Energy Rate Executives

Electric and Wility Supernvisors

Energy Environmental Analysts

Geologists and Engineers

Envirenmentalists

Energy Journalists
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THE IMPACT OF PV TILT ANGLE AND AZIMUTH ON THE MARKET VALUE OF
PV SYSTEMS AND ELECTRICITY GENERATION COSTS

Michael Hartner, Vienna University of Technology, +43 58801 370379, hartner@eeg.tuwien.ac.at
André Ortner, Vienna University of Technology, +43 58801 370367, ortner@eeg.tuwien.ac.at

Overview

While currently it is common practice to seek for the maximum output of a Photovoltaic (PV) system over the
lifetime of the module this might not be the optimal strategy in a situation with a significant share of PV in the
electricity production of a region. This is true from a system perspective and from an investor” s perspective
assuming that feed-in tariffs might phase out and the produced electricity has to be sold on the spot market. With
decreasing spot prices in times of high solar radiation around noon PV modules pointing towards east or west or
steeper setting angle might be more profitable. (see Rowlands 2010) From a system” s perspective a wider
distribution of module-angles can lead to reduced generation costs as a whole. In this paper we estimate the cost
saving potential of a wider distribution of angles for the electricity system in Austria and Germany under various PV
expansion scenarios.

Methods

In a first step PV-generation profiles are generated using a PV simulation tool which models the position of the sun
to account for the effect of various module angels. (see Eicker 2011) The radiation data, which include direct and
indirect radiation on a horizontal plane, is provided by satellite data with 15min resolution. This is done for 20
regions in Germany and Austria to account for different solar hours and angle effects due to the latitude of the
regions. We generate 200 PV profiles with different combinations of inclination angles and azimuth for each of the
regions. The profiles are then fed into a dispatch optimization model which includes the existing power plants of
Germany and Austria and the corresponding electricity demand in hourly resolution. The model then implements the
optimal mix of installed capacity for each profile in each region. In different scenarios we apply restrictions on the
distribution of the installed capacity over the regions. The model output should theoretically reflect the most cost
effective mix of the installed angels under the assumed conditions and restrictions. Under the assumption of perfect
competition this should also reflect the maximum market value of all PV-systems installed.

Results

Preliminary results show that at present the highest revenue still corresponds with the maximum energetic output if
we assume spot market prices. (see figure 1). Even with a substantial increase of PV capacity of additional 40 GW of
PV capacity installed the energetic optimum does not deviate from the system optimum. Only with a dramatic
increase of +100GW the model output suggest a deviation towards steeper tilt angles and orientation towards east
and west. This is shown in figure 2 for a PV-system located in Vienna (48.3°N 16,1°E) and spot prices derived from
the model. Of course the results also depend on the installed capacity of storage plants as they tend to smoothen out
the price patterns throughout the day. The installed storage capacities also influence the savings in total electricity
production costs compared to a scenario in which the installed PV systems are orientated towards an energetic
maximum. It also has to be mentioned that start-up costs of conventional plants have not been included yet which
could influence the results. This will be studied in further research.

Conclusions

This analyses shows, that at present and probably also in the near future installation angles that are close to the
energetic optimum still correspond with the system optimum if only fuel costs of conventional power plants are
considered. So at the moment there it there should be no need for political action to change the subsidy design from
this point of view. In case of very high PV-penetration levels, where the broader distribution of angles might become
a concern elements of direct marketing for PV systems should provide the right incentives. Spot market prices
provide information of the energy value of PV production and installers could adjust the installation angles to



achieve the highest profits which should also (at least theoretically) correspond to the optimal solution in terms of
minimizing total system cost. Fixed feed-in tariffs of course do not provide such flexibility and will always generate
the incentive to install the PVV-modules at the energetic optimum.
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Figure 1: Energetic and system optimum status quo — location: Vienna

Spot market revenue vs. full load hours for different PV installation angels: model output +100GW
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Figure 2: Energetic and system optimum for +100GW - location: Vienna
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