Moneymaking with process heat from solar energy

Summary

Now is the time for solar generated process heat. Tradi-

tional investments are not as safe as they used to be. In

today's hectic stock market banks often gamble and lose.

Desperate investors are forcing up the price of gold and raw

materials. But they are actually searching for increased

value or at least the stability that gold and precious metals

offer - until the next stock exchange fever. Venture capital-

ists are making hay while the sun shines and forcing up the

price of oil. Other traditional energy prices are following this

trend. But almost everybody knows that the increase in

energy demand worldwide is the most serious problem. On

the one hand we are running out of oil and on the other the

earth is warming up. In fact, nobody knows exactly if the explosion in energy prices is really a curse or
a blessing for the world in the long term. Eventually, something must change.

Today, the message that large-scale solar-thermal installations can not only be realized, but will yield
a good return on investment is more than a pipe dream. The fascinating thing with a solar collector
system is that the breakeven point marks the beginning of free energy consumption for many years to
come. The operating life of an installation is about 20 years but the breakeven point is reached in less
than 10 years. The energy price that can be achieved over a long period of time is € 0.05 per kilowatt
hour or less. The fuel savings are equivalent to an effective interest rate of more than 10 % per annum
on the investment costs. The only reasonable conclusion is to invest today in profitable large-scale
solar collector systems to save money, create stable value and later added value free of charge, pro-
tect the environment and reduce our reliance on oil.

Introduction

The German company PARADIGMA has been building large-scale solar installations for many years.
Since 2006 they are exclusively equipped with CPC vacuum tube collectors and filled with water.
These collectors work like conventional boilers and are also connected in the same way. Many instal-
lations have been built to date. One of them is the world’s largest solar collector system with a cross
collector area of 1330 m?, located in Esslingen near Stuttgart. It supports the cooling of more than
27,000 mz office area in summer and its heating in winter. About 300 further installations, including
much larger ones, are being planned.

First-mover advantage based on technical know-how

Since 2003 PARA-
DIGMA has been
using only water as
heat exchange me-
dium with the so
called AquaSystem.
Frost protection is
ensured by unuti-
lized low-
temperature heat
from the installation.
Because of the low heat losses of the CPC vacuum tube collectors only a small amount of energy
(about 2 to 4 % of the yearly gain in energy) is required for frost protection and this is more than com-
pensated for by the advantages of using water and high operating temperatures. This concept has
proven successful more than 30,000 times so far.
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The advantages of the AquaSystem over conventional solar collector systems are obvious:
The operation with water
- allows easy, direct connection to the in-house heating network,
requires less equipment such as heat exchangers, de-aerators, valves, pumps and controllers,
is the precondition for the use of efficient and small storage tanks,
eliminates the high costs for antifreeze and the associated running costs
considerably reduces the costs and time for commissioning and repairs,
ensures a long operating life with almost constant performance,
removes all risks associated with thermal stagnation and
minimizes running costs (e. g. maintenance).



The use of state of the art CPC vacuum tube collectors ensures the maximum harvesting of solar en-
ergy with a system that has a long operating life and is virtually maintenance free. Customers include
breweries, food producers, large-scale cleaning plants, electro-plating plants, paint shops, cooling
plants, hospitals, barracks, hotels and leisure centers — in general anyone needing a lot of hot water at
temperatures of up to 130 <C.

Some thoughts about economic efficiency

The profitability of a large-scale solar installation depends on several

parameters. Some of them, like the increase of energy prices, return

on capital and the inflation rate can only be estimated. However, cost

effectiveness can be predicted very well today. The customer is able

to substitute annually between 350 and 650 kWh per square meter

cross collector area depending on the demand profile (daily, weekly,

monthly, seasonal etc.), the specific process, the water temperature,

the geographic location and the extent of substitution of conventional

sources of heat. The price of collector installations with a cross collec-

tor area of 1000 m2 or more is about 268 € + VAT per square meter,

including planning, mounting and connecting sets, control equipment and remote monitoring. This
excludes the mounting fixtures (ground or roof), piping, insulation, storage tanks and peripheral
equipment such as pumps and valves. The total price ranges from 450 — 600 € per square meter
cross collector area, depending on the size of the tanks used. For smaller installations (up to 100 m?)
the price can increase up to 800 €/mz2.

Assuming an investment cost of 500 €/m2 and an annual energy harvest of 500 kwWh/mz2 over 20 years,
the energy price would be € 0.05 per kWh. If energy prices remain as they are today the breakeven
point would be reached after 13 years (point 1 in the diagram). In reality, these figures increase be-
cause of the annual running costs (e. g. for maintenance and electric energy), the return on capital
and aging of the collectors. But they decrease much more due to inflation, increase in energy prices,
subsidies and the fact that more than 500 kWwh/m2 of fossil fuel will be saved annually because the
efficiency factor of the collector is higher than that of the replaced fossil energy producer. In the case
of commercial utilization of the installation the breakeven point will be reached even earlier owing to
tax write-off and VAT-refund.

The following realistic example illustrates that the breakeven point would be reached after 7.8 years
(point 2) for private applications and 5.7 years (point 3) for commercial applications. From this time on
the installation will produce virtually free energy, unlike any other heat generators. Over the expected
life-time of the system, the profit significantly exceeds the investment costs. This results in a very good
return on capital, reaching 10.5 % for private applications and 13.8 % for commercial applications. The
return on investment is also very respectable.

Assumptions 1000 3500
annual solar energy harvest 500 kWh/m2a saved energy costs
gross investment costs 500 €/m2 900 | 2000 ‘é"o"sr:s'”;::f;n“; energy
current energy price (2(_)0_8) 6,5 €ct’/kWh ~ 800 saved energy costs
annual average fuel efficiency 70 % Q\E‘J 700 L 2500 without increase in
operating life of system 20 years p o energy costs and aging
subsidies 30 % % 600 1 2000 (% investment costs for
- rivate application
tax write-off rate 30 % g S00 k= P PP
tax write-off period 10 years é 400 r 1500 & investment costs for
value added tax 19 % 3 300 S commercial application,
annual losses due to collector aging 05 % 9 [ 1000 with linear tax write-off
annual operating costs 2 % S 200 profitin Euro for
N T © L 500 commercial application
maintenance required after 15 years 100 4
maintenance costs as a % of investment 6 % o 0 — — profitin Euro for private
annual interest on capital 5% o application
annual inflation rate 3% P
. ) . o operating life in years
annual increase in energy prices 12 %

Operating results (per m2 gross collector area) commercial and privat
installation savings over its operating life 9539 kWh/m?2

energy costs saved in the first year 46,43 €/m2

minus running costs 0,93 €/m2

energy cost savings (in total) 3278 €/m2

CO, - emissions avoided (0,3 kg/kwWh)) 2,9 tons/m2
Economic aspects commercial privat

real investment costs 245 445 €/m2
break even point 57 7,8 years
profit realized after the break even point (ROI*) 2895 2584 €/m2
effective interest rate as a % of profit (ROI*) 13,1 9,8 %
eff. inter. rate as a % of saved energy costs 13,8 10,5 %
current energy price equivalence 0,026 0,047 €

* ROI : return on investment




Since the profit reflects the energy costs saved using the solar collector system, it is not only a value
on paper, but real money. This money could be invested, after reaching the breakeven point, giving,
for example, a yearly return on capital of up to 5 %. Taking this into consideration, the return on in-
vestment can increase by another 2 to 3 %.

At the moment (2008) one kilowatt-hour generated from oil or gas costs about € 0.04 to € 0.06 - but in
20 years it may cost € 0.50 or more. Electrical energy will always be even more expensive and is, in
any case, much too precious to waste on heating. Now is the time to act. The good feeling and image
created by investing in the future of energy now, and being among the ‘ecological pioneers’, cannot be
counted only in Euros and Cents!

The project procedure

Firstly  the
PARA.-
DIGMA pro-

ject team

checks every

aspect of the

construction

project and

ascertains

solar suitabil-

ity. They

then design a draft concept, propose a solar collector system design and provide a rough cost esti-
mate, a yield prediction and profitability estimation. The rough cost estimate includes the main compo-
nents with firm prices for the collector field and estimated prices for peripheral equipment such as
storage tanks, pumps, piping etc. If detailed planning is required, the planning costs will be 5.8 % of
the price of the collector field. The planning costs will be refunded when the order is placed. An order
for a large-scale solar collector installation cannot be placed unless detailed planning has occurred.
PARADIGMA works with the local project planners and assumes responsibility for the collector field, at
a minimum. They also recommend experienced and reliable partner companies for installation.

In conclusion

PARADIGMA has overcome all the major obstacles associated with large-scale solar-thermal collector
systems. With CPC high-performance vacuum tube collectors as the high-temperature engine, water
as the heat exchange medium and the ,SystaSolar Aqua“ solar controller, a surprisingly simple con-
cept is available that is very comfortable for investors, installers and operators.

High interest in and demand for these systems indicate the market is ready for this concept and sup-
porting technology. Because PARADIGMA insists on planning all collector fields, every installation
reflects maximum functionality. Paradigma’s guarantee of up to 10 years and lifelong frost protection
vouches for high quality and leading know-how.
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