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Summary

1
Summary

Current public and political discussion surrounding the »Energiewende« — that is,
Germany'’s broad-based political effort to create an energy economy dominated by
renewables — is preoccupied with concerns about costs. But these worries are mis-
placed. In reality the Energiewende is a low-risk investment with a high likelihood of
positive returns. As a response to naysayers, Fraunhofer IWES has worked out a
concrete proposal for funding the Energiewende as part of its Hercules project.

Investements in new capital-intensive technologies must be weighed against gradually
avoided fossil fuel costs for old technologies with high variable operating costs. In the
new energy system envisioned by the Energiewende, wind and solar energy will
provide power for the electricity, transportation, and heating sectors. Careful calcula-
tions have shown that the Energiewende is financially feasible in its totality, even under
very conservative assumptions, in which fuel prices remain constant and environmental
damage from CO, emissions are ignored. Even ambitious climate targets, such as
100% reliance on renewable energy (let alone the current plan for an 80% reduction
in greenhouse gasses) are economically realistic. Hence, as politicians make decisions
about climate policy, they must factor in the total savings and benefits along with the
costs.

Assuming 2011 prices for primary energy, total investments for the Energiewende are
likely to yield an inflation-adjusted rate of return of 2.3% by 2050 (see Fig. 1 and
section 4). As we extend the timeframe beyond 2050, expected returns increase
progressively — a result of expenditures for repowering renewable energy plants being
only a fraction of fuel cost savings.

Assuming that prices for oil and natural gas increase through 2050, returns on invest-
ing in the Energiewende will be even greater. If we take into account real price in-
creases in the linear cost projection of Germany’s 2014 Grid Development Plan (BNetzA
2013) or the 2050 Climate Protection Scenario developed by the Federal Ministry for
the Environment, Nature Conservation, Building and Nuclear Safety (Oko-Institut, ISI,
2013), total returns will be 4.0% to 6.7 %, adjusted for inflation.

This estimate does not include the positive repercussions on the total economy
(economic growth, jobs) caused by strong, long-term infrastructure investment. Nor
does it factor in subsidies for conventional power stations and fuels still in effect today.

The Energiewende must be approached as a large-scale industrial and political under-
taking, and it should be guided by modern project management principles. The
objectives, the scope of infrastructure expansion, and the financial blueprint need to be
clearly defined in advance. Once the basic economic viability of a specific plan has been
established, the next step is to carry out financing. The key is to utilize the fuel savings
in the transportation and heating sectors for funding the expansion of renewable
energy. For this, Germany’s Renewable Energy Act — which passes on annual expansion
costs in the electricity sector to consumers — is not the right strategy in the long term.
Policy discussion today must consider the long-term distribution of costs and savings
beyond the confines of the electricity sector.
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Fig. 1:

Cost and returns analysis for
the Energiewende,

based on various assumptions
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Defining the Project

Fig. 2:

Engineering the Energiewende
as a large-scale industrial
project

2
Defining the Project

Investing in the Energiewende

Cost concerns currently dominate public and political discussion surrounding the
Energiewende. One of the central questions is whether subsidies are justified for the
climate’s sake or whether consumers should to be protected from bearing additional
electricity costs. The pro and contra positions both overlook a basic point, however.
The Energiewende is an attractive investment opportunity with an enormous profit
potential.

POLITICAL
IMPLEMENTATION

FINANCING
PLAN

The positive returns of the Energiewende

It is paramount that expenditures related to the Energiewende are seen as investments
in a new energy infrastructure; thinking about the Energiewende solely in terms of
costs is shortsighted. The Energiewende replaces old, OPEX-intensive technologies’
with new CAPEX-intensive technologies?. When calculating expenditures, therefore,
investment costs must be offset by savings from reduced primary energy costs and
imports. In the long run, the returns on investment are positive. Furthermore, the
overall undertaking is backed by the strength and reputation of the German economy,
providing a reliable investment for many national and international investors.

The objective of the Energiewende

The objective of the Energiewende is to cover demand in three energy sectors —
electricity, heating, and transportation — through renewable energy and greater energy
efficiency. Demand in these sectors is almost entirely responsible for CO, emissions in
Germany and makes up the main share of primary energy use. The remainder of
primary energy, mineral oil in particular, is for non-energy use in material applications.
The aim is to guarantee consumers a constant price relative to levels in 2011, the year
that, owing in large part to the Fukushima disaster, the expansion of renewable energy
and the phase-out of nuclear power achieved broad consensus in German society.

The Energiewende and Climate Policy

A successful Energiewende in Germany would change the course of future climate
conferences. The example of a CO_-free energy system in an industrial nation with a
population of eighty million would provide a welcome alternative to the repeated
failures that the international conferences in Copenhagen, Cancun, Durban, Doha, and
Warsaw have left in their wake. In this way, Germany's energy policies would have a
normative effect, lending new force to the fight against climate change.

1 OPEX, or operational expenditures, represent investment costs for operations.

2 CAPEX, or capital expenditures, represent investment costs for long-term capital goods such as new equipment, machines,
and real estate.
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3 Project Scope

Project Scope

Is there a master plan?

The word »master plan« has fallen into disfavor in political discussions because it
implies a centrally planned economy. But the planning of large-scale national projects
need not contradict the principles of market economics. The moon landing would not
have been conceivable without the Apollo space program’s careful planning and
execution. The Herculean task of the Energiewende is incomparably more important
than manned spaceflight. It too must be carefully planned to avoid bad investments
that fall short of their objectives. German politicians agree that they cannot determine
every detail in advance in a project spanning thirty to forty years. Rather, such a project
must allow for dynamic adjustments to specific conditions while offering sufficient
stability for large investments.

In this section, we present the details of planning for the Energiewende so far. It is
organized as follows:

1. Analysis of future energy-use sectors

2. Calculating a 100% renewable energy supply scenario for 2050
3. Determining the renewable power generation mix

4. Energy system infrastructures

5. Calculating total investment volume

On the basis of the 2050 target scenario a financial blueprint can be developed for the
Energiewende’s transformation of the power supply system. The financing plan is
presented in section 4.

3.1
Analysis of future energy-use sectors

Our forecast of future energy use is based on current use structures and those that will
arise in the course of the renewable energy revolution. In 2011, total primary energy in
Germany (fig. 3) amounted to 3772 TWh. (Adjusted for temperature [+93 TWh] and
for international shipping traffic [+31 TWh] the total is 3896 TWh.) The share of
non-energy demand came to 285 TWh. This demand consisted mainly of mineral oil for
material applications (AGEB 2013; AGEE-Stat 2013).

Direct CO, emissions from fuels in the energy sector are the primary source of green-
house gases. Primary fossil fuels for non-energy use make up a small share of green-
house gases and come from farming, industry, changes in land use, waste, and
sewage. Given the slow rate of climate protection measures worldwide, nations must
make significantly greater efforts to reach the goal of limiting global warming to 2 °C
(UNFCCC, 2009) above pre-industrial levels. According to the Fraunhofer Institute for
Wind Energy and Energy System Technology (IWES), this requires complete coverage of
the needs of the electricity, heat, and transportation sectors by renewable energy as
well as increased energy efficiency. The minimum target of Germany’s National Action
Plan (BMWi, BMU 2011) — an 80% reduction of CO, emissions — will not suffice. What
seems needed is its maximum target: a 95% reduction of CO, emissions (Fig. 4).

The total primary energy use for 2011 is shown in Figure 5. Within Germany, only
lignite, low shares of bituminous coal, natural gas, and mineral oil were extracted.
Costs for primary energy imports totaled €87 billion. Including extraction nationally,
costs for primary energy totaled €96 billion (Fig. 5).

Fraunhofer IWES A Business Model for the Energiewende
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Project Scope

Fig. 3:
Primary energy consumption
in 2009, 2010, 2011

Fig. 4:
Evolution of greenhouse
gas emissions
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PRIMARY ENERGY CONSUMPTION, 2011 Project Scope
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If we limit the scope to primary energy use in the sectors of electricity, heat, and
transportation (€83 billion), we get the following distribution of primary energy by
energy source (Fig. 6).

PRIMARY ENERGY CONSUMPTION PRIMARY ENERGY EXPENDITURES

Nuclear energy’
/ Lignite'

. N H 1
Mineral oil? Nuclear energy’ Bituminous coal
% -

Mineral oil>_£

Lignite'

Natural gas?

Natural gas?
Bituminous coal’

Fig. 6:
! Primarily in the electricity sector Primary energy consumption &
2 Primarily in the heating and transportation sectors primary energy expenditures

Although the share of primary energy for electricity generation is similar to that for
heat and transportation, the acquisitions costs are relatively low. Oil and gas, by
contrast, are expensive and difficult to substitute (Fig. 7). These energy sources are used
primarily in the transportation and heat sectors, as illustrated in Figure 7, which shows
the distribution of primary energy by sector.
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Project Scope

Fig. 7:

Primary energy demand and
expenditures: share by sector
(adjusted for average tempera-
tures, not including non-ener-
getic consumption)

PRIMARY ENERGY DEMAND PRIMARY ENERGY EXPENDITURES
3610 TWh TOTAL €83 BILLION TOTAL

26 % Transportation 39 % Electricity 14 % Electricity

35% Heating 46 % Transportation 40 % Heating

The current cost-benefit discussion when it comes to the Energiewende continues to be
overly focused on the electricity sector. In the electricity sector itself, however, the
expansion of renewable energy generates slight cost saving, since it mostly replaces
coal and nuclear power. This results in high differential costs (to be covered, for
instance, by the EEG surcharge). But this argument doesn’t go far enough.

The reduction of CO, emissions in the energy sector rests on two pillars: energy
efficiency and the deployment of CO,-free energy sources (Sterner, Schmid, Wickert
2008). Energy efficiency means minimizing the use of energy for achieving a desired
product or service. Today, these efforts are focused on the gradual reduction of energy
use in production as well as in heat and transportation. In the case of heat supply, two
measures are especially expedient: a) improved insulation of all process components
and b) the use of heat pumps. Used for low temperatures, heat pumps typically
generate 3.5 times more usable energy than it takes to run them.

Wind and photovoltaics represent the primary energy sources for transforming the
energy system. Together, they provide a double CO, cost-savings effect. The energy-con-
version process in a wind turbine and in a PV cell is fundamentally CO, free. What is
more, to produce the same amount of energy by burning fossil fuels (power plants,
internal combustion engines, heating), the combustion process requires additional
primary energy due to the laws of thermodynamics. The average ratio between primary
energy and final energy in combustion processes in the current energy systemis 2 to 1.

In combination, energy efficiency and renewable sources will ensure that future energy
demand will only consume a third of today’s primary energy use. At the same time,
future electricity demand will be significantly higher due to the ever growing number of
heating and transportation services that run on electricity. In its optimal »final state,
the energy system should run at the lowest possible costs. This cost minimum requires
an increasing electrification through new electricity applications while activating the
efficiency potential of electric applications (Fig. 8).

The energy market across sectors

To achieve these economic advantages, the expansion of wind and solar energy must
be accompanied by efficient electric applications in transportation and heat that replace
high-cost primary energy sources and reduce differential costs. If electricity demand is
to be covered for all sectors, dynamic expansion must begin in the electricity sector.
Moreover, all potentials for reducing oil consumption must be activated (replacing old
heating units, insulation, natural gas vehicles, etc.). All these aspects must be
considered before a comprehensive, cross-sector cost-benefit analysis can be carried out.
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3.2
Calculating a 100% renewable energy scenario for 2050

J

2050

For the sake of simplicity, we begin by assuming an independent national supply in
Germany. Using information from the IWES energy database and factoring in all areas of
application and fuel-use, we can calculate energy demand in a future, electricity-based
energy supply system. Figure 9 represents primary energy in 2011 (without non-energy
use but including international shipping traffic and adjusted for temperature.). It also
shows the resulting electricity demand for a scenario with 100% renewable energy supply.

We can see that the future electricity demand amounts to 1000 TWh/a. The transporta-
tion sector will require 120 TWh/a in electricity and 210 TWh/a in non-electricity based
fuels, for a total of 330 TWh/a. Another 330 TWh/a of electricity is used in the heat
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Usage efficiency,
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conversion losses
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Project Scope

Environmental

Fig. 8:

Creating a new energy system:
a major element is increased
electrification through new
applications in the heating and
transportation sectors

Fig. 9:
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Project Scope

Fig. 10:

Standard deviation in residual
load for possible variation in
share of energy provided by
fluctuating renewables

(wind and PV)

sector. Heat pumps will extract another 220 TWh/a of heating energy from the environ-
ment. If we also include non-electricity-based heat energy sources, total future heating

use will amount to 850 TWh. Section 3.4 discusses the framework for this scenario and
the infrastructure it requires.

3.3
Determining the renewable power generation mix

Next, an optimized power system from renewable energy must be determined for the
total electricity demand calculated in the previous section. The criterion for optimization
is the minimization of the standard deviation of residual demand. Residual demand is the
difference between existing demand and the electricity from wind and solar power,
hence demand minus generation, as a time-dependent function over a sufficiently long
period (of at least one year). The minimization of the standard deviation is tantamount
to minimizing system costs (grid expansion, reservoir power stations, storage). The examined
residual loads result from the hourly consumption (time series in 2011) and the simulated
renewable energy generation time series, using 2011 weather (as shown in Fig. 10).

It turns out that an annual electricity volume of 1000 TWh from wind and solar energy
sources in Germany approaches the limits of the country’s available surface area. This
fact restricts decision-making significantly more than current political discussions would
suggest. The offshore wind energy potential is assumed to be around 50 GW, and the
onshore wind energy potential is assumed to be around 230 GW?3. Solar power has a
potential of around 310 GW, including 155 GW from open spaces along highways and
railways and 154 GW from rooftops (Fig. 11).

STANDARD DEVIATION IN RESIDUAL LOAD
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The full, unrestricted scenario with optimal residual demand requires more offshore
wind energy than can be produced by existing useable surface in the Baltic and North

3 IWES 2013a: Potenzial der Windenergie an Land, ed. UBA. This is a conservative assumption based on a doubling of the
distance; reduction of the maximum potential of 940 GW to 25%.

4 Unpublished calculations by Fraunhofer IWES.

1227

Fraunhofer IWES A Business Model for the Energiewende



Seas. Under these conditions, therefore, the optimal scenario is a renewable energy mix
with the highest possible offshore share within the assumed limits. On a whole,
fluctuating renewable energy sources come from solar at 22% (200 GW), from
offshore wind at 26% (50 GW), and from onshore wind at 52% (180 GW) (Fig. 11).

As can be seen in Figure 10, the optimization minimum is relatively flat so that the
indicated ratios with an error range of a 10% energy share can still lie within an
acceptable scenario. For the funding considerations discussed here, the accuracy of

this generation-mix forecast suffices.
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Hydropower delivers only a small amount of energy because of its small — and mostly
utilized — potential in Germany. The share of biomass use is already at high level in the
area of renewable raw materials. In total, it is assumed that the use of these potentials
in the electricity, heat, and transportation sectors remains the same. In the electricity
sector, biomass is the fuel that will serve as backup power station (primarily cogenera-
tion on the basis of bio-methane). Other energy sources taken into account are
waste-fueled power stations, sewage gas, and electricity generation from coke oven
gas and blast furnace gas (Fig. 12).

3.4
Energy system infrastructures

The scenario considered here contains the following assumptions for energy system
infrastructures:

a) Expansion of renewables best suited for the grid: A high share of energy from
PV and wind farms is assumed (50%), which are easier to integrate into the distribu-
tion grids. The scenario also assumes a high rotor generator ratio for wind energy
and a high share of wind in southern Germany. A more even distribution of genera-
tion facilities leads will create a more balanced system and more even feed-in (IWES
2013Db).

b) 100% use of electric vehicles in the automobile sector and the expansion of main
highway arteries for trolleytrucks powered by overhead electric cables [SRU 2012].

Project Scope

Fig. 11:

Selection of the optimal
scenario under consideration
of available space for
deploying fluctuating
renewables (wind and PV)
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Project Scope ENERGY PER YEAR

190 TWh PV

240 TWh Offshore wind

50 TWh Biomass
24 TWh Hydroelectric
17 TWh Other

486 TWh Onshore wind

INSTALLED CAPACITY

% I Onshore wind
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200 | PV
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150 Il Other

Fig. 12:

Selected energy mix under
a 100% renewables
scenario (taking necessary
generation curtailment for
each source into account)

100 |

50 F

¢) Heat pumps in low temperature zones for space heat and warm water with a
coverage of 75% and the use of power-to-heat in high temperature zones.

d) Smart grids: utilizing the flexibility of decentralized consumers.

e) District battery storage: Economic operation with additional synergies through
cost savings in the distribution grid.

f) Power-to-Gas to cover remaining cross-sector demand for chemical energy sources.
g) Biomass: The scenario assumes a constant demand (or energy use) at today’s level.
Because biomass is primarily used for material applications and as food for a gro-
wing global population, raw materials may have reached their limits for energy use.
As with power-to-gas, the scenario assumes that biomass will be used to cover the
"positive residual demand” in all energy sectors (electricity, heating, transportation),

in the form of gas (bio methane, biogas), liquid (bio fuels), and solid (wood in
bivalent heating systems).

h) Efficiency measures include the reduction of conventional electricity consumption
— by 25% according to Germany’s National Action Plan (BMWi, BMU 2011) — buil-
ding insulation, efficiency increases with industrial process heat and in the transpor-
tation sector, more efficient heat technology and waste heat use (borrowing from
the German environmental ministry’s pilot study 2011 [DRL, IWES, IfnE 2012]).

The scenario is still open with regard to the ratio of small and large thermal power plants in
the form of gas turbines and combined cycle stations, block heat and power, and cogenera-
tion power plants for supplying the industry and the public.

14|27 Fraunhofer IWES A Business Model for the Energiewende



3.5

Calculating total investment volume

The following cost assumptions were made for the scenario on the basis of previous
studies and our own experience in the sectors (Table 1). Costs that would accumulate
in the reference scenario (continuation of business as usual; see section 4.3) are

intentionally excluded from the cost analysis. Relevant are the differential costs relative

to the reference scenario — the additional costs that accrue through the expansion of
renewables over 2011 levels. Examples are the extra costs for electric vehicles versus
hybrid vehicles or the extra costs of heat pumps and area heating relative to condens-
ing boiler technology. The scenario assumes relative low costs for energy-efficient
building retrofitting in view of the high level of savings expected from new heating
technologies, the moderate warming expected from climate change, and the ratio of
demolition to new construction.

Given the development of power stations and the repowering needed over a 40-year
period, the costs follow the distribution shown in Figure 13. The total investment
volume without capital costs amounts to 1.5 trillion euros.

Capacity Costs Costs | Source
2050 2011 2050
Specific Costs €/kwW €/kwW
Onshore wind 180 GW Authors’ calculations
Minus existing
plants
- Strong wind 50% 1,160 1,010 | Learning rate 3% / 5%
- Weak wind 50% 2,000 1,600
Offshore wind 50 GW 4,240 2,500 | Authors' calculations
[Fichtner, Prognos 2013]
Photovoltaic 200 GW [ISE 2013]
Minus existing
fleet
- Freestanding 50% 1,075 485
- Rooftop (small) 50% 1,390 625
Differential costs 2,210 1,475 | Authors’ calculations
Electric heat pumps [ISE et al. 2013]
(incl. heating technology)
Differential costs 13,000 €/ 1,000 €/ | [EWI 2010]
Electric vehicles vehicle vehicle
(per vehicle)
Expansion of charging 2,000 €/ 725 €/ | [ZEV et al. 2011]
stations vehicle vehicle
Electric vehicles
(per vehicle)
Stationary batteries 10 GW 1,934 435 | Authors' calculations
(8 h capacity) [ISEA 2012], inter alia
Power-to-Gas 78 GW 2,000 750 | Authors’ calculations
Power-to-Heat 23 GW 100 100 | Authors’ calculations
Aggregate Costs Billion €
Distribution grid expansion 27 [Enervis, BET 2013]
Transmission grid expansion 15 [Enervis, BET 2013]
Smart grids 7 [Kema 2012 ]
Trolleytruck overhead wire 14 [SRU 2012]
grid deployment
Building insulation 237 [Prognos 2013]

Project Scope

Tab. 1:
Cost components for a
100% renewables scenario
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A Financial Plan for the

Energiewende Onshore wind

Offshore wind

PV

Building insulation

Infrastructure costs

Electric vehicles

Power-to-gas and other storage technologies
Heat pumps

Euro Billions

350

Fig. 13:

Breakdown of required
investment volumes,
2011-2050
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4
A Financial Plan for the Energiewende

4.1
The basic financing model

So far we have estimated the future demand, the ideal generation mix, and the
concomitant costs. In the following we develop a basic financing plan. The key param-
eters of funding the Energiewende are total costs, the period of investment, possible
fossil fuel savings, and the interest rate. A variety of possibilities for financing are
conceivable. One possibility is presented in Figure 14. Here we have a linearized
consideration of 30 years with costs totaling €1200 billion, instead of the 40 years and
€1500 billion calculated in section 3.5. The annual investment in this case is €40 billion
(green line). The scenario is simplified: only the capital investments are considered; the
maintenance costs of existing infrastructures, operational costs, sales margins, etc. are
omitted. All curves in Figure 14 must be thought of in terms of this cost base.

We assume that the infrastructure investment in renewable energy generation, grids,
storage capacity, new technologies in transportation and heating, etc. can be managed
in such a way so that the current acquisitions costs for fossil primary energy of €96
billion annually (€83 billion without the non-energy sector for chemical applications)
can be reduced over this period in a linear fashion (red line). As a result, the break-even
point — where the sum of the investments plus the costs for acquiring the primary
energy become less than today's primary energy costs — is projected to be reached in
about 15 years. In addition, only around €300 billion of the €600 billion to be invested
in the following 15 years (at €40 billion annually) must actually be paid thanks to the
linear cost drop-off until the break-even point (thick blue dotted triangle in Fig. 14 below).

— Upfront investments : € 300 billion Maximum debt service burden at 2% interest: € 6 billion

Euro Billions

Primary energy costs

2013 energy cost level
+ investment costs

100

50
Investments

|
0 10 20 30

Q

Another possibility is to finance the €300 billion in advance and pay off the debt over
the following decades as fossil fuel costs are saved. The figure shows that energy costs
sink continuously after the break-even point is reached, lending leeway to the repay-
ment plan (narrow blue dotted triangle in Fig. 14). Assuming an inflation adjusted
interest rate of 2%, the debt service increases to €6 billion annually in the first 15
years. This results in an increase of energy costs (electricity, heating, fuel) relative to the
€83 billion annually of 7.2%. If we relate this increase solely to the electricity kilowatt-
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Fig. 14:
Financing model
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hour price for households, the initial price level of €0.25/kWh increases by 1.8 cents. If
the state provides a credit guarantee, of course, the repayment will be delayed during
the first 15 years. In this case, a rise in electricity prices does not take place. In 30 years,
at the end of the Energiewende, investment drops to a level needed for maintaining
the new infrastructure. We have not yet quantified this noticeably lowered target level
for energy costs.

In sum, the key point in financing the Energiewende is to use financial mechanisms to
boost the real effect of future savings in operative fuel costs. This can minimize price
increases and reduce them for consumer in the long term. In other words: those today
who postulate significant price increases for the Energiewende are making a mistake.
Keeping prices to a minimum is the standard by which Energiewende proposals must
measure themselves.

The general sketch of the aforementioned financing plan is detailed in sections
4.2 and 4.3:

= Stabilizing the new energy infrastructure and industrial sector of the future
= Optimizing the order of investments

= Cost-benefit analysis relative to the reference scenario

= Considering the residual values of investment

= Return on investment

» Influence of increasing costs for primary energy

4.2
Fine-tuning the growth of the energy infrastructure sector:
Energy infrastructure

Stabilizing the new industrial sector for energy infrastructure

To keep global warming to within 2 °C, a 100% renewable energy system must be
reached by 2050. For this, we need what amounts to a new industrial sector that will
produce and maintain a renewable energy infrastructure. The development of this new
industrial sector must be for the most part complete by 2040; if construction begins
too late, a hasty schedule may lead to overcapacities in production.

If we take the past rates of adding wind and PV energy in Germany as a basis and
assume a stable infrastructure (manufacturers, suppliers, installers, cranes, ships, etc.)
for repowering the plants after 2050, it becomes clear how little leeway there is for
further expansion. For onshore wind energy, new capacity construction must be
ramped up from 3 GW/a to around 9 GWY/a in order to achieve a permanent wind farm
fleet of 180 GW in 2050 (the lifespan of a wind turbine is approx 20 years; see Fig. 15).
In the area of PV, the expansion must be accelerated from 3.5 GW/a to 6.7 GW/a in order
to reach a sustainable 200 GW (the lifespan of PV systems is 30 years; see Fig. 16). In the
area of offshore wind energy, an increase from today’s low level up to 2.5 GW/a is
needed to achieve 50 GW (the lifespan of offshore wind turbines is 20 years; see Fig. 17).

4.3
Optimizing the order of investment and financing statistics

We have developed an optimized financial plan using the above assumptions on final
energy for electricity generation in 2050. For the period from 2011 to 2050, in addition
to energy use and costs, the calculations consider €1500 billion in new infrastructure
investment costs (section 3.5).
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Fig. 18:

Evolution of primary energy

consumption in the

electricity, heating, and
transportation sectors (not
including non-energetic

consumption)

Energy use, 2011 to 2050

The dynamic expansion of renewable energy — primarily of wind energy and PV — must
begin in the electricity sector. But replacing nuclear power and coal with renewables is
not economically cost-efficient at this time, at least not directly. To achieve the eco-
nomic benefits of renewable energy expansion, efficient electric applications must be
introduced in the transportation and heat sectors that replace primary energy sources
and reduce differential costs. In addition to expanding renewables in these sectors,
reduction potentials need to be activated in oil consumption because the phasing out
of oil is crucial if the Energiewende is to yield economic benefits. These measures can
shorten the initial funding period for renewable energy expansion and reduce the
interest burden.

Some medium-term measures for reducing oil and gas consumption:

» Replacing oil heating units with electric heat pumps and replacing natural gas
infrastructure with gas connection and condensing boilers.

» Improved building insulation

= General scrapping bonus for old heating units

= Expanding infrastructure for electric trolleytrucks

= Promoting the use of natural gas vehicles

= Use of biofuels

These measures were included in the renewable expansion described in section 4.2
when calculating the 2050 scenario. Other limiting conditions — the phase-out of
nuclear power, the build-up of automobile and heating unit inventories, the feasibility
of efficiency measures, and other factors — were used to create quantity estimates for
energy use through 2050 (Fig. 18).
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Cost savings relative to the reference scenario

The reference scenario assumes that the rate of renewable expansion in 2011 remains
constant. Here too, however, plants are replaced by new facilities at their end of their
lifespan. There are also efficiency measures such as the reduction of conventional
electricity use, savings in the automobile sector through hybridization, and savings in
the heating sector through new heating units, climate change, and the demolition/new
construction ratio. By contrast, increased use in the reference scenario — e.g. in air
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traffic — is very low. These effects will lead to reduced expenditures for coal, natural
gas, and mineral oil through 2050 (Fig. 19). Non-energy use is a part of both the
reference scenario and the 100% renewable energy scenario and, accordingly, does
not accumulate as a positive benefit in the latter. The €83 billion/a paid today for
primary energy in the energy sector is the main source of savings for funding infrastruc-
ture investments. The cost-benefit calculation is conservative: fossil fuels prices are not
assumed to increase and CO, costs are not taken into account. Relative to the reference
scenario, the differential costs for the Energiewende are only offset by additional
savings from primary expenditures.

w
[=
2
= Mineral oil
[+4]
o Natural gas
u’:: I Bituminous coal
Il Lignite
L Nuclear
80 |
60
40 | i
Fig. 19:
50 B Annual primary energy costs
B in the business as usual
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0 . .
2015 2020 2025 2030 2035 2040 2045 non-energetic consumption)

This means that our financing plan considers only fuel cost savings and additional
investment costs. The costs in the reference scenario may be higher, as in the case of
fossil and thermal power stations (which have comparable output but more expensive
base and average demands), but these costs are not counted against the total.

The residual investments in 2050 must be considered for assessing the economic
viability of the entire project. Here, too, we make a conservative assumption: we only
consider the residual values of wind and PV, and not additional investments in heat and
transportation.

Cost-benefit analysis

In the cost-benefit analysis the above fuel cost savings are set off against investments.
The contribution margin — the difference between fuel cost savings and investment
costs — provides an important indicator for the economic viability of the project

(Fig. 20 to 23).

The analysis of the 100% renewable energy supply scenario over a 40-year period
projects positive contribution margins — fuel cost savings outweighing investment costs
—starting in 2030 (or after 20 years), provided that interest and capital costs are not
taken into account and assuming an initial funding of €383 billion. By 2050, a signifi-
cant surplus is projected, with fuel cost savings totaling many times ongoing invest-
ments for repowering older power stations (Fig. 20).

If the interest rate for borrowed capital is considered, it takes longer for the contribu-
tion margin to turn positive. With an interest rate of 2%, and an initial investment of
€501 billion, positive contribution margins are forecasted to begin in 2035 (or after 25
years) (Fig. 21). The economic viability of the entire project becomes more apparent if
we assume increasing costs for primary energy (without CO, costs). If we assume prices
based on the 2014 Grid Development Plan for Electricity (BnetzA 2013) and a linear
progression through 2050, a positive inflow of funds occurs more quickly (Fig. 22). The
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Fig. 20:

Cost and return analysis,
Scenario A:

2.3% ROI on all investments,
break-even in 2030,

€383 billion in upfront
investments, 0% interest on
borrowed capital, constant
primary energy prices

initial financing then amounts to €380 billion without interest and €485 billion with
interest. Here prices are assumed to remain almost constant for natural gas and slightly
increase for oil. Another valid scenario for fuel cost prices is the German environmental
ministry’s current climate protection calculation (Oko-Institut, ISI 2013). The ministry
projects even more significant positive inflows (Fig. 23), with positive contribution
margins occurring after 15 years without interest and no longer than 19 years with
interest. This scenario forecasts an initial financing of €295 billion without interest and
€356 billion with interest.
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Results

Our calculations indicate that even very ambitious climate targets like a 100% renew-
able energy system are economically feasible. Concerns about the costs of the Ener-
giewende, therefore, should not play a decisive role in climate policy decisions. Our
preliminary assessment shows that the Energiewende as a whole can be financed even
under very conservative assumptions (e.g. omitting fuel price increases and the costs of
CO, damage). Assuming that primary energy prices from 2011 remain constant and
using 2050 residual values, the return on total investment is 2.3% after being adjusted
for inflation. If the observation period is extended beyond 2050, the projected return
increases as expenditures for repowering become a fraction of the fuel cost savings.

If price increases for oil and natural gas are factored in, the rate of return increases.
Taking into account either the real increases of NEP 2014 (linear progression) or the
projected prices of the environmental ministry’s 2050 climate protection scenario, the
return on investment — given 2050 residual values — is expected to be between 4.0%
and 6.7% (adjusted for inflation). If the observation period is lengthened beyond 2050,
the returns increase considerably. This forecast considers neither the positive effects of
investments in productive infrastructure (economic growth, jobs, etc.) nor the savings
from the subsidiaries still paid for conventional power stations and fuels.
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Political Implementation

100
M Fuel savings
Photovoltaics
80 - M Wind onshore
B Wind offshore
B Routine costs of infrastructure
60 - E-Mobility
Power2Gas and other storage
[
g M Heat pumps
© I Building insulation
3 40 - M costof capital Fig. 21:
§ — Gross margin (incl. cost of capital) 9. :
S 0l Cost and return analysis,
A
- | Scenario B:
s 1] I 9 i
£ 0 TEEEEEEER 2.3% ROl on all investments,
, o= break-even in 2035,
v 201 Bl === €501 billion in upfront
£ = .
g investments,
2 —40 - F
g 2% interest on borrowed
_60 | | | | | | | | | capital, constant primary
2010 2015 2020 2025 2030 2035 2040 2045 2050 energy prices
100 - M Fuel savings
Photovoltaics
B Wind onshore
80 L B Wind offshore
B Routine costs of infrastructure
E-Mobility
Power2Gas and other storage
60 - M Heat pumps
g I Building insulation
s W Cost of capital
= 40 - = Gross margin (incl. cost of capital) .
o g P Fig. 22:
-l
S ol Cost and return analysis,
A
_ | Scenario C:
B o o :
g 0 I ] ] ---|-|-|r-z----------------- 4% ROI on all investments,
, | | | | | | I break-even in 2033,
Y 20} mimliml I--========= €485 billion in upfront
c 1 | | .
E | investments,
g 2% interest on borrowed
60 ! ! ! ! ! ‘ ! ! ! capital, rising primary energy
2010 2015 2020 2025 2030 2035 2040 2045 2050 prices as per NEP 2014
140 —
M Fuel savings
120 - Photovoltaics
M Wind onshore
B Wind offshore
100 - M Routine costs of infrastructure
E-Mobility
Power2Gas and other storage
g0 | M Heat pumps
W Building insulation
B Cost of capital
0L — Gross margin (incl. cost of capital)
I
& Fig. 23:
= 40 - .
= Cost and return analysis,
® .
9 Scenario D:
A 0
_ | 6.7% ROI on all investments,
g 1 :
3 0 ] I 9 break-even in 2029,
v €356 billion in upfront
Yy or investments,
[=4 .
g 2% interest on borrowed
B -40 - . _ .
: capital, rising primary energy
60 ! ! ! ! ! ! ! ! ! prices as per Climate Protec-

2010 2015 2020 2025 2030 2035 2040 2045 2050 tion Scenario 2050

Fraunhofer IWES A Business Model for the Energiewende 23127



Political Implementation

5
Political Implementation

The preliminary calculations we have presented in this report demonstrate that the
Energiewende can be funded in principle. Parts of the blueprint described here are
already being tried out by local actors. Calculations from smaller municipal energy
providers show that energy price guarantees for 100% renewable energy supply can
be made. This scenario laid out in this assessment presupposes top-down policies
(legislation, regulation, loan guarantees) that create the conditions needed to provide
investment certainty. It is crucial to understand that this model includes all energy-use
sectors. On account of primary energy costs (Fig. 6 and 7) the largest savings occur
with oil and gas, which accumulate almost entirely in the transportation and heat
sectors. In determining the precise details of Energiewende financing, policymakers
must duplicate these effects in the electricity sector, which will dwarf other energy-use
sectors in the future. This means offering private and industrial customers products in
combined heat and power, combined transportation and power, and combined heat,
power, and transportation. These products guarantee stable energy costs while
permitting the needed investments.

Various economic studies have shown that infrastructure investment — especially
productive infrastructure — has a decidedly positive effect on economic development
(Lehr, Lutz, Pehnt 2013; DLR, ZSW, GWS, Prognos 2013). It creates jobs, increases
demands for goods and services, boosts growth and domestic consumption, and, as a
result, augments tax revenues.

The capital for funding the Energiewende is there, and there are multiple ways for
putting it to use. One good option is to mobilize reserves from investment funds;
another is to establish citizens’ funds — both provide incentives for long-term infra-
structure investment. The Energiewende can play a very important role in surmounting
the challenges caused by the recent financial crisis. This is especially true for the
current devaluation of private savings due to inflation and the falling interest rates for
government bonds, with the concomitant economic pressure on insurance providers
(life insurance, pension insurance, and reinsurance). These areas contain large sums of
money for which low-risk investment is best — and which offer the potential for
financing renewable energy infrastructure from private equity. Investment in renew-
able energy can be guaranteed through revenue generated by productive infrastruc-
ture. Other interesting effects from private equity financing that need to be discussed
are the creation of real value through infrastructure investment and its stabilizing
effect on monetary policy. Discussions must also focus on possible regulatory frame-
works, such as state-guaranteed infrastructure funds that assume liability for risks and
fulfill reqgulatory requirements for insurance companies.

Another example that needs to be considered in the area of financing is the scrapping
bonus included in Germany’s 2009 stimulus package (which was later copied in the
US, where it was known as the »cash-for-clunkers« program). Such a model, where
the state itself acts as investor, could be used to replace old heating units. Another
example that bears mentioning is the fund to pay for liabilities arising from old
renewable energy subsidy guarantees (Topfer, Bachmann 2013). The financing for
these liabilities can be stretched out over an extended period. Another form would be
a fund for old debts that can be passed onto electricity users to guarantee a constant
electricity price. Other questions under discussion are whether the EEG surcharge can
be passed on via an energy tax or whether a fundamental reform of the European
emissions trading system and an expansion from the electricity sector into the heat
and transportation sectors can balance costs and savings effects.
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The options for political implementation must be further sounded out. Playing a role Conclusion

here are issues such as fair distribution (within the population and between genera-
tions) and long-term risks (such as energy price fluctuations). The calculations in this
study are meant to provide quantitative data for future discussions and decision-making.

The positive news is that the Energiewende is not only affordable; it is also a major
global business opportunity and an economic stimulus for Europe as it weathers the
eurozone crisis. Indeed, its greatest potential for development lies in the region that
was hardest hit: Southern Europe.

6
Conclusion

»A Business Model for the Energiewende« shows that investment in renewable energy
infrastructure can be managed so that the current annual costs for primary fossil fuels
— €83 billion per year — drop to virtually zero over 40 years.

Based on current forecasts, it will take 15 to 20 years until expansion costs for renew-
able energies and acquisition costs for fossil energies drop below today's primary
energy costs. Around €350 to 500 billion must be invested in advance and later paid
off. In around 30 years, most of the costs will only be for maintaining the infrastruc-
ture, as with repowering. Even if price levels for fossil energy sources remain constant,
the investment is projected to earn an inflation-adjusted return of 2.3% by 2050. This
may reach as high as 4% to 6.7% if prices for oil and natural gas increase. And this
figure ignores the cost of damage caused by greenhouse gas emissions.

All'in all, then, the Energiewende represents an attractive capital investment that is
guaranteed by the strength and reputation of the German economy. Investors both
domestically and abroad can profit from long-term stability, low risk, and a high
likelihood of return. Long-term stability is assured because the infrastructure to be built
is technologically advanced. The associated economic energy depends on local factors:
industrial organization, sound legal protection, and high educational quality. Further-
more, the investment is low risk because it is not subject to hard-to-control fluctuations
in the fossil fuel market. Finally, the expectation of positive returns is tied to global
market growth in renewables — a growth that Germany is spearheading
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