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Abstract

An evaluation is presented of the economical feasibility of seasonal heat storage of solar heat with
sorption materials. The seasonal sorption heat storage is shown to pay itself back over its lifetime, under
the assumptions presented. Attention is given to the verification of the assumptions, since these have a
large effect on the conclusions.

Introduction

Heat is traditionally stored in water (e.g. boileflithough water has many advantages as a storage
medium, it also has some disadvantages such akatavely low storage density and heat loss to the
ambient. An alternative option is to store heatngans of a sorption material by making use of the
reversible reaction: A + B- C + heat. By storing heat using sorption materisignificantly higher
energy density can be achieved. Additionally, alffosome energy losses are associated with charging
and discharging the material, once the materieh&ged, the heat can be stored for a long timieowtt
losses. Potentially interesting materials shoul@teap, non-toxic, non-corrosive, have sufficiamrgy
storage density and have reaction temperaturdseipitoper range (roughly 50-150°C). An example is
magnesium chloride hexahydrate (Mg6H,0O) that can be used to store heat by means obtlwsving
reaction:

MgCl,.6H,O(s) + heat= MgCl,.2H,O(s) + 4HO(qg)

An important issue is the techno-economical felisikf the application of such sorption materiéds
seasonal heat storage; under what conditions isigbeof such a system cost-effective? This question
concerns not only the cost of the material itdmit, also the additional system costs requiredHferuse of
these materials, such as heat exchangers anddssisn{ing market maturity), as well as running costs
such as maintenance costs. These costs shouldipaed to the predicted cost for fossil energy tver
lifetime of the sorption system. Finally, the séimity of the result to the interest rates and itheeasing
energy prices should be taken into account.

Seasonal storage system value

To get some basic insight into the perspective axdt effectiveness of seasonal heat storage, it is
necessary to start with calculating the annualihga&bst.
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Figure 1. Annual energy cost for heating (space heating and tap water heating). For tap water heating, a fixed
demand of 9 GJ/year is assumed.

Assume now a renewable energy system for a resédgmoviding the domestic heating demand for tap
water and space heating with a 100% solar fradioh having a lifetime of 30 years. Ignoring for the
present a rise in energy price or interest rates value of such a system would be the forgoneggner
costs over the system lifetime. Household energgtscoary widely over Europe. In the EU statistical
pocketbook (2007), electricity prices including @axare indicated for 2007, ranging from 0.069
euro/kWh in Latvia to 0.245 euro/kWh for DenmarkefNerlands 0.223 euro/kwWh) and for gas ranging
from 7.4 euro/GJ in Hungary to 30.8 euro/GJ in Darim(Netherlands 22.6 euro/GJ). In the
Netherlands, the current 2010 household price darig 0,58 euro/m3 and for electricity 0.22 eurdkW
(NUON, 2010), including taxes. For an energy eéfiti Dutch house (passive house standard) with a 6
GJ/yr space heating demand and a 9 GJ/yr tap wateand, this amounts to about 9000 euro if a gas
heating system is replaced, or 17000 euro if actrtal heating system is replaced, as shown inreid.

The figure clearly shows the large impact of thet @j the fossil energy replaced.

This value has to be compared to the costs of yeem. Since all costs of such a system have to be
financed upfront, the effective interest (being thterest rate minus the inflation rate) increates
effective system cost and therefore affects thesalts in a negative way. The total accumulated cos
including interest i over a period of N years carchlculated from the equation

Fiotat = Finitiat(1 + DV (i=interest, N=number of years)

As can be seen in Figure 2, the effective systest oger the 30 year lifetime increases tenfoldnf a
effective interest of 8% has to be paid; this implthat the investment cost of the system shoukixoe
times lower to arrive at the same overall costc@frse, this is an extreme example. For a moréstieal
effective interest of 4% the effect is roughly atéa two.

Interest increases the effective system cost, Isottae effective running costs, which mostly atffethe
conventional fossil fuel option. If the owner hasply a certain sum for the running cost (e.gefwrgy
or maintenance costs), he will forfeit the inteestwould have obtained over this sum if he wouwdeh
put it in his savings account. Therefore, if oneesaon fossil energy, the effective value of theméngs
over 30 years is larger than just the annually ddwssil energy costs times 30. The formula is igiae:
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Frotat = 2N=8 Fannuate=0 (1 + D (i=interest, N=number of years)

The curve for this ratio is similar to the curve foe effective system cost, but substantially Eegp, as
also shown in Figure 2.

Typical interest rates may vary strongly in tinfevé may assume that this renewable energy systay m
be financed as part of the mortgage, it is intérgsto compare historical mortgage interest ratdh w
inflation rates, as shown in Figure 3. Typicalljieteffective interest, being the difference between
inflation rate and mortgage rate, averages 4.6% the last 20 years for 10 years fixed interest If
variable interest would have been chosen, therdiffee would have been about 3.9%.
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Figure 2: Effectiveincreasein system cost over lifetime dueto effective interest rate.
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Figure 3: Inflation rate and mortage interest rate in the Netherlands. Data from CBS and Vereniging Eigen
Huis.




The last assumption that has to be taken into atdsuhe rise in energy prices. This effect isikinto
the effect of interest on running costs, making dbaventional system more expensive. Again Figure 2

can be used; for a 4% annual rise in energy ptleesystem investment costs may be roughly twice as
high.

It is far from easy to give a typical value for thenual energy price increase. The historical poice
crude oil is shown in Figure 4 showing the oil prigp to 2009. Since mid-2009, the oil price has
stabilized at a level between 70 and 80 US dokarbarrel. It can be seen that the change in eneigy
over a short time period may be about anything. él@x, over the last 10 years, the energy price has
increased about fourfold, which would amount taaarage annual price increase of almost 14%. On the
other hand, over the last 40 years, the energe fvés increased about fivefold, amounting to amaaes
annual increase of 4%. For the remainder of thiepaan average annual increase of 7% is assuroed. F
comparison, Eurostat gives an average rise in Denchuser gas prices over the period 1999-200%of 7

annually, while the roadmap by Holland Solar (206§i®ws an average annual increase in the Dutch gas
price of 8% over the period 1972-2004.
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In summary, we have made the following assumpti¢lisa passive house with 6 GJ/yr heating demand
and 9 GJ/yr tap water demand, (2) Dutch gas pri&@san effective mortgage interest rate of 4%,a@)
effective savings account interest of 2%, and (%chnical system lifetime of 30 years, in whicl th
system should pay itself back. Under these assongtive would arrive at a total maximum system cost
of 300 euro/yr x 30 years x effective running cto (=1.4) x energy increase ratio (=3.1) / upfro
interest ratio (=3.2), which is about 12200 euroté\that we have ignored here the interaction betwe
the rise in energy price and the interest forfedieer the paid energy costs (one forfeits mostésteover

the payments made longest ago when the energywestslowest). Therefore, it is more accurate oot t
calculate the effects of interest on running cost the energy price rise independently, but toutate

their combined effect according to the equation
N-1

Frota = Z Fannual,t=0 (1 + r)n(]- + p)N—n
n=0

(i=interest, p= energy price rise, N=number of ggar



When this interaction is taken into account, wévarat a 12% lower maximum system cost of 10700
euro.

Of course, this calculated maximum system cost npestrongly on the assumptions. If we would
require a much shorter payback time, the systerrwvemsld have to be much lower (see e.g. Hauer, 2010
requiring a system payback time of 5 years). Howeifave assume that the reduction of fossil energy
use is the main goal, and not primarily the ecormom@iurn, it seems sensible to install a systernphgs
itself back within its lifetime. In this calculatip we have assumed that the maintenance for tisesaa
sorption storage system is similar to the mainteedar a conventional system; if the maintenancal#vo
be more expensive, the maximum investment costchas lower to compensate for this. At preseris it
not yet clear what realistic maintenance coststhi@ system would be, but it is not expected that t
sorption storage itself will require significant imi@nance. In addition, we have assumed no foregone
costs for the installation of the conventional ggesystem, which means that we have the full
conventional system installed next to the sorptarage system as backup. It may be argued thsat thi
backup is not necessary, or has a longer lifetina® ta conventional backup heater in normal use; in
either case the net investment costs of the sorgiistem would be reduced.

Seasonal storage system investment costs

In the previous paragraph the value of the systeam walculated, and in the present paragraph the
investment costs will be estimated to see how castk value compare. The investment costs depend
strongly on the maturity of the market. One-of-aeksystems will be very expensive, while large escal
mass production substantially lowers the costs. Séme holds for the installation; if only one systis
installed, all overhead (travelling time, craneehir..) will be on the budget of this single projeghile

for large scale installation of many systems, sookts will be shared. It is important to make these
assumptions clear and give an overview of the Gasbrs taken into account. Since the aim of the
present study is to evaluate the economical patieotia fully developed system, one should asdess t
costs of the system components on the basis ofiyadeveloped market for these systems, assuming
large scale production of sorption storage systidmatscan be integrated plug-and-play into the lingjd
Such a system consists of a solar collector agagasonal heat storage and possibly a borehal¢hiBo
case, estimated costs are presented in Table 1.

These costs have been estimated for the situatievhich a large number of houses can be fitted with
such a system, reducing installation costs foragfer collectors and boreholes. Other important
assumptions are the use of a low-cost sorptionriabtnd low-cost solar collectors. It can be stet

for the present system, the sorption material castgoughly 25% of the total system cost. Thisetels
critically on the cost of the sorption materiaktin this case is only 0,40 euro/kg. Although tost may
seem low, it is already higher than the materiat tis presently under research at ECN (which is
magnesium chloride hexahydrate with a bulk priceDdf5 euro/kg combined with a low-cost carrier
material of also about 0,15 euro/kg). Of course hore expensive material would have been used of
about 3 euro/kg (such as zeolite), the total systests would have been increased to about 280@0 eu
leading to a payback time significantly longer tt8hyears. Hence, for the economical feasibilityaof
seasonal sorption heat storage, it is essentiavéng low-cost materials are used.

With respect to low-cost solar collectors, it waswamed that mass produced all-glass vacuum tuloéds co
be used. Such tubes have the potential of a highl l&f automation and substantially reduced costs.
Although 100 euro/fseems very low for solar collectors, such priaqesadready close to prices offered
by Chinese vacuum tube collector manufacturersttborehole, a price of 750 euro is assumedgdbase
on the estimated extra cost of using foundatioaspiVith integrated heat exchanger. For the insi@tiait
was assumed that the system, including solar ¢olgcsorption storage and piping, would be install
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within 20 hours, due to an increased efficiency vaérk when multiple systems are installed
simultaneously, and a high level of standardizatind plug-and-play contacting. It was assumedttieat
vacuum tube installation would be installed asaad#rdized prefabricated roofing element placetimwit
the building process. Also, it was assumed thastbeage space would be a standardized deepered cel
created in the building process. Finally, it wasuased that all connections would be integratechn t
standardized building design as much as possible.

amount unit unit cost total cost
TC material 7000 kg 0,4 2800
Storage casing 1] 2000 2000
Vacuum Tube collector area 20 m2 100 2000
Collector system components 1[-] 500 500
Heat exchangers 3 250 750
Borehole 1 750 750
Installation 20 hours 70 1400
TOTAL 10200

Table 1: Cost indication for seasonal sorption heat storage system

Comparing the total system cost of 10200 euro ¢ontfaximum system cost, that was estimated in the
first paragraph as 10700 euro, it appears thaptesent system can pay itself back within its el
lifetime of 30 years. This becomes more difficilthe assumed lifetime is taken shorter, but mudiez

if the fossil energy costs are higher, e.g. whemmgaring with Danish instead of Dutch gas pricese Th
largest cost factor is the materials cost, for Wipdce reduction may be possible, given the prafabe
material presently under study at ECN.

Conclusions

It is concluded that seasonal sorption heat stoimgéle to pay itself back within its lifetime wrdthe
given assumptions. An important assumption is tie of the sorption material. It is shown that tlst

of the sorption material has a strong effect ondberall systems cost and should be kept very low i
order to reach this target. The evaluation metloo#t into account the investment costs (based amdut
large-scale plug-and-play application of standadizystems and standardized dedicated building
concepts) and the system lifetime, as well aséstefa low level for interest received and a higtel for
interest paid) and energy price scenario.

A large uncertainty exists in the results of thadcalation, due to the fact that interest and ®itenergy
prices, as well as system lifetime and system invest costs (especially for future large scale
application) are only rough estimates, but havieang effect on the economics.
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