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Pre-feasibility study of a solar thermal ESCO

application for a hospital

This study has been accomplished in the ambit of the EIE ST-ESCOs

Scope of this study — Summary

The following text consists of a pre-design study in technical, energy and economic
terms. Its scope is to examine the feasibility of a solar thermal installation that will
provide sanitary hot water under an ESCO (Energy Service Company) contract.

This means that the End User (in this case a hospital) will not invest (except from a
small amount) for the construction of the solar plant, but will buy the heat from it at a
convenient price. Moreover, the whole responsibility for the correct operation and the
maintenance of the solar plant will be carried out by the ESCO, i.e. the Company that
will undertake the construction and the management of the plant.

In this way, the hospital has direct economic benefits buying heat at an advantageous
price without facing any technical risk.

Although this is not a detailed study, all main parameters from the technical side
(plant components and energy yield) as well as from the economic one (terms of
contract and benefits) are presented.

This study has been prepared and offered to the stakeholders in the ambit of the
European project “ST-ESCOs” (Solar Thermal Energy Service Companies) that aims
at the promotion of ESCO agreements for solar thermal plants in Europe. More
information about the project, its partners (from Greece, Italy, Spain and Austria) and
the material offered (market assessments, successful applications, feasibility studies,
Policy Paper, software tool for ESCOs developers etc.) can be found in the web site

WWW.Stesc0os.0rg.

The system proposed by this study is a solar thermal system for the production of
sanitary water; this system will save part of the conventional fuels consumption of the
End User. The term “End User” in this study is used for the final consumer (i.e. the
hospital in our case).

The results of the present study are summarized in the following table:

Solar collectors total surface proposed 1220 m”

Total (roof) surface needed for the 3050 m”
collectors field

Total storage volume of solar plant 70 m’



http://www.stescos.org/

Annual solar yield delivered to the user 685 MWh
Overall benefit (NPV) of the User 91342 €
Duration of contract 20 years

Date of study’s preparation December 2006

End User description

The following table presents the basic information of the current End-User situation.

Name and category

Hospital

Indication of End-
User’s dimension (e.g.
number of beds for
hotels and hospitals)

800 beds

Mean Occupancy
percentage in summer
months

80%

Mean daily sanitary
water consumption on
summer days

91800 litres

Available surface for
the installation of solar
collectors

7250 m°

Conventional fuel used

Natural Gas

Price of conventional
fuel for the End-User

0,0363 €/ kWh

Available storage tanks
for connection with the
solar plant

No

Other important aspects
or comments

The End-User has high sanitary water consumption and a
large roof area available. Therefore, it is appropriate for the
application of a large solar thermal plant. The current
study has shown that an ESCO agreement is feasible and
highly recommended (assuming a 40% of National
financing).

More details about the hospital can be found in the questionnaire that has been

prepared for the purposes of this study and filled in by the end user. The questionnaire

has been included in Annex 4.

Solar plant description

The proposed technology is a central large scale solar heating system for sanitary

water preparation.

The data used in order to accomplish the study have been obtained from the

questionnaire filled in by the consumer and from the simulations of the specific




software program “STESCO” (prepared by Aiguasol in the ambit of “ST-ESCOs”
project). This program can perform both energy calculations (i.e. simulations of the
solar thermal plant) by the sub-program En-MO and economic evaluations by the sub-
program Ec-MO.

The nearest meteorological data available have been used for the simulation.

It is important to note that the actual plant solar output can be slightly different from
the software calculations. This is due to two reasons: firstly, the meteorological
conditions may vary significantly from year to year and, secondly, the real plant’s
operation can never be perfectly simulated.

However, the above uncertainty has been taken in consideration and security margins
have been adopted so that the important parameters for the end user (e.g. the NPV of
its overall benefit) are guaranteed.

The most important components of the solar plant (as seen in its basic drawing
scheme included in Annex 1) are the following:

1. Solar collectors of total area equal to 1220 m?. The dimensioning criterion for
the solar plant is to maximize the energy need for sanitary water during
summer (avoiding excess solar heat production). Selective flat plate collectors
facing south with a slope of about 35degrees have been considered. The total
field needed for the collectors installation should be about 2,5 times the
collectors area (in order to avoid shading between the collectors’ rows),
therefore equal to 1220 m> * 2.5 = 3050m>. Conclusively, a roof or other
available place of total free and non-shaded area of 3050 m” should be
reserved by the End User.

2. The total storage volume should be equal to 60 m’. This may consist of one
single large tank or several smaller connected in parallel, depending on the
available space and/or the possibilities for outside installation. The final
decision is subject of a detailed study

3. The hydraulic circuit with the following parts:

e Pumps
e Heat exchangers
e Pipes, valves and connection with the auxiliary heating source
4. The tele-monitoring and tele-control system with the possibility of fault alarms

to the ESCO’s responsible for maintenance.



The detailed dimensioning of all components is subject of a detailed study that could

follow if a positive decision for the ST-ESCO agreement arises.

Energy, economy terms and others benefits

As it is obvious, the proposed agreement with a Solar Thermal ESCO for the
construction of a solar plant will ensure clean and cheaper thermal energy to the
hospital. It has to be clear that the unique essential obligation for the End-User is to
buy a certain amount of energy per year from the ESCO (this is called “Energy under
guarantee” in the study). On the other hand, the ESCO Company is obliged to
maintain the price of the thermal energy that provides equal to the amount agreed (the
one that appears on the table) independently of the solar system performance (i.e.
even if, due to a special reason, the solar system is not working).

Different scenarios can be adopted concerning the exact dimensioning of the plant and
the contract terms e.g. the contract duration. The terms presented refer just to one
option that could be further elaborated in the ambit of a detailed study in order to
better suit the End-User needs. Selected parameters and results are presented in the
following table. The complete energy and economy analysis’ results have been

included in Annex 2 and 3 respectively.

Quantity Value Explanation/ comments

Solar yield 685 MWh Is the annual thermal energy delivered from the solar
plant to the End Users’ consumption; it should be
divided by the overall efficiency of the conventional
thermal system (e.g. 85%) in order to obtain the total
thermal energy saved by the solar plant.

Energy under 488 MWh It is the minimum annual amount of energy that the End-
guarantee User is obliged to buy from the ST-ESCO (i.e. the
Company that sells the solar energy).

Total End-User’s | 1360 MWh It is the total annual consumption of the End user for

load sanitary hot water only.

Solar fraction 50,4 % This is the annual fraction of the thermal needs for the
sanitary hot water that are covered by the solar plant.

Contract period 20 years The contract period could be shorter. The annexed

economic analysis shows terms as the NPV year by year.
Obviously, a 20 years contract offers higher benefit than
a shorter one.

Contribution of the | 15250 € This is a (minor) contribution of the End-User to the
End-User to the | (5%) initial investment. The ST-ESCO contract is feasible also
investment without this initial contribution. However, this reflects a

minimum of interest from the End-User’s side since it is
a kind of guarantee for the ST-ESCO. Obviously, for the
calculation of the NPV mentioned above, the repayment
of this amount has firstly been considered.




Net Present Value
(NPV) of the total
economic  benefit
for the End-User

91342 €

The NPV of the benefit is the NET amount of End
User’s today’s money that is equivalent to the total
cumulated economic benefit of the End-User until the
end of the ST-ESCO contract. (A simple example
clarifying NPV: an End User pays 50 € in the first year
and will have a benefit of 1100€ in one year. If his
interest rate is 10%, the NPV of this investment will be
equal to 950€. (Receiving 1100€ in a year is equivalent
with receiving 1000€ today minus the 50€ of today’s
expenses equals to 950€)

Payback time = 4,3 years This is the real payback time for the End-User (taking
into account the interest rates) and it can be clearly seen
in the economic report of Annex 3

Cost of 0,0459 This calculated amount is the estimation of the real

conventional €/kWh thermal kWh cost for the End-User (at present)
according to the conventional fuel prices and to the

gle(lin’ll?l k\szh)for conventignal heating system efﬁciencyr.)

na-user

Price of ESCO’s| 0,04 This is the price of the kWh (at present) applied by the

thermal kWh for | € kWh ESCO for the energy that will be delivered to the end

End-User (B) user (as agreed in the contract).

Cost reduction 13 % =(A-B)/A %

Annual increase in | 5 % This is a conservative hypothesis for the annual increase

conventional fuel in conventional fuel prices based on last years’ trend.

prices

Annual increase in | 3,5% This value is subject of negotiations. It could also be

the price of energy Variable. and equal tg a fraction of the annual increase in

delivered by the conventional fuel prices.

ST-ESCO

Interest rate of End- | 5% (called “Standard discount” in the economic report)

User Shows the variation of money’s value with time for the
End-User. For example, if the End-User is a private
owner and can only put his money in a bank with 4%
interest rate, then his interest rate is 4%.

Inflation 39, Called “increase of consumer price index” in the report

Lifetime of the solar
plant

more than 25
years

This is the expected lifetime of a modern reliable solar
plant. It has to be underlined that since the optimized
operation of the solar plant brings economic benefits to
the ST-ESCO (as well as to the End-User), the ST-ESCO
will seek for the best possible management of the plant,
therefore maximizing the solar plant’s lifetime.

Property of the plant
after contract period

End- User

The End-User will have the plant for free after the end of
the contract period. In the option of a shorter contract,
either the End-User buys the plant at a conventional
price or it remains ESCO’s property.

There exist also other benefits for the end-user that could not be easily quantified.

With an efficient solar plant the End-User will have advantages in fulfilling existing

and new Energy and Environmental EC and national obligations (e.g. EPBD-

European directive on the energy performance of buildings). Moreover, having a solar

plant, the End-User shows a modern and environmental friendly profile. Other

indirect benefits are:




e More autonomy from the conventional energy sources: weaker dependence on
the availability and the price variations of the conventional fuel.
e Economic benefits due to the increase of service life for the conventional
energy supply system and also to the reduction of its ongoing operation costs.
Finally, it has to be mentioned that the ST-ESCO could undertake the service for the
whole thermal needs of the End-User and combine the solar plant with other energy
service measures offering an overall energy management with higher economic

benefits for the user.

Additional data (regarding only the ST-ESCO)

The ESCO developer will have a substantial economic benefit as it can be seen from
the subsequent table where the major economic terms are presented. The ESCO has to
guarantee the price of the thermal energy provided to the user, independently from the
solar energy production. This means that the solar plant should work well and provide
at least the “guaranteed kWh” in order for the ESCO to have benefits. Experience has
shown that this is not a limitation but a challenge for further benefits for the ESCO,

since the optimized solar plant will produce much more energy than predicted.

Total cost of the | 305000 € (250 €/m°)

plant

Subsidies 122000 € (40%)

Contribution of the
ST-ESCO to the
initial investment

76250 € (25%)

Net Present Value
of the total
economic benefit
for the ESCO

190990 € (20y)

IRR of ESCO

28,1 %

Payback time

= 5,5 years

Bank loan

91500 €

Bank loan interest
rate

6 %




ANNEX 1 Basic solar plant drawing
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ANNEX 2 Energy results from EnMo



STESCO_Enmo SIMULATION REPORT

V1.2
Code HOSFITAL
© TRANSCL for Windows Is property of: Name
Sistemes Azangats o Erergla Sclar Témeica, S.C.CL Eystem Thesgsaloniki
© TRNSYS W16 for Windows: sourre code | property of
The Unkersity of Winsconsin-fiadison, Sotar Energy Laboratory A:jdress g
. City g
s - e Region a
N gt NGUASOL e g

ERLINYZE A PhonelFax aQ

I— E M‘}-. madangdiils ke SR~ E-mail g

1 System

Solar direct system

2 Demand

N° substations

N® users

Daily consumption
Daily profile
Maonthly profile

3 Location

Meteorolegical data
Latitude | Longitude
Cold water temperature

4 Solar field

Area

Slope

Azimuth

Number in series
Field flow rate
Primary flow rate

- 1,0

- 2400

I F1800,0

- DPFrofile. TET

% LA FEFAFEFEAFEFEFEVEFSFE

- Thessaloniki, daf

= 40,3 -23,0

= 82/79/92/128/168/202/ 21,5/ 228/ 221/ 19471577511

5 Collector

m? 1220,00

= 350 ay -

= 00 =1 Wim* K

L) 3.0 a WemiK?

kghm® 400 1AM -

kg 45500,0 Test flow rate kgth.m*

& Solar and auxiliary storage

Volume
Height
Thickness

7 Auxiliary heater

Power
Efficiency

SOLAR AUXILIARY

m? 7,000 12,000
m 12,830 4,000
m a,400 0,050
kW 100000

% 0,85

0,794
3,880
0,040
0,09

130,0

Tded



ANNEX 3 Economy calculations from EcMo



ST-ESCo ECONOMICAL MODULE (EcMao)

Bank report
1 PROJECT DATA

General data

Energy production analysis :l Transol (Simulated)
Project name

:l Annual Mean (Estimated)

EcMo project name ANOnymous
EsCo CRESCC
User Hospiia
Site Trnessalnlkl
Variant IFCA Miode
Comments

2 SYSTEM DATA

Basic sy .
Plant zize (m?) 1220,00
Plant net specific output (KWhim=*yaar) 561,46
Hot water consumption (Hday) 0,00
Hot water temperaturs (*C) 0.00
Cold water tamperatura (°C) 0,00
Service [Ife of solar plant |year) 0,00
Dacreass of solar plant energy output (%) 1,080
Hat anergy demand (kWhiyaar) 1336783 10
Nat solar output (KWhiyear) G54584,09
: . ) -

Fusl of conventlonal aystam Natural Gas
Syatam efflclancy (%) 80,00
conventional energy price §/kWh) [CER) 0,036
Circulatlon losses (%) 2,00
Dacragss In convantional boller afficlency |%) 1,080
Economic data

Total Invesimaent cost &) 305000,00
ESCo contributlon to Investment ) TE250,00
Ugar contribuilon to Inveatment £) 15250,00
Subsidles E) 122000,00
Total financing amount §) 9130000
Credlt account perlod [ysars) 20,00
Interast (%) ]
Spacific Investment coat Eme) 240,00

¥i.g



ANNEX 4 : Questionnaire filled in by the End-User



I|H-

Hé KENTPO ANANEQZIMON NMHrQN ENEPTEIAZ .
l

2005

RES 19 °xAW. Aew®. Mapadwvog, MiKEpuI ATTIKNA
TnA: 210 6603300, Fax: 210 6603301-2 ' EMGSa

e-mail: cres@cres.gr, http://www.cres.gr f"o‘.';"m?uv""“o"“ﬁ

YDQVEIEIQ ANAITYZHE

EPQTHMATOAOI'TO

2KOTOGS: EKTTOVNON TPOUEAETHS Bepuikod nAlaKoD cVOTHUOTOS OE
voookoueio yio. v wapoywyn ZEXTOY NEPOY XPHXHY.

MEPOX A (I'ENIKO)

1.

2.
3.

4.

Ovopa kot dtevBvvon Tov vocokopeiov:

Noagokopueio
Ytorgelo vrevBvvoL emkowmviog (ovopatendvopo, TMAEPmvo, Email):

[Towa giva n uvoAkn Tov dvvapkotnta (apBpdc kKivav); S00.

[Towog elvar o pésog 6pog g mAnpoTTag (%) TOVG KOAOKOUPLVOUG UTNVEG;
80,33%.

(Ze mepintwon mov givat yvootd tepiocdtepa otoryeia Yoo v TANpOTTA — OTMG
Y. N TANPOTNTA OVE UNVA Yol £VOL XOPOKTNPIOTIKO £T0C — TOPOUKAAOVUE VO LLOG
ta ObéceTe og EgpPloTh CEAIDQ).

MEPOX B (TEXNIKO )

1.

Extiuiote v péon nuepriowr  kotavoimorn Tov (eoTod  vePoD  TOLG
KaAokaipvovg unves. Towa eivon n Beppokpacio dtavoung tov {eotol vepov,
w.y. o Oeppootdng tov umdkep oe T Bgpuokpacio €xel  pvOuotet,
(Mapdoerypa: katavédimon 2500 Atpa ™ pépa oe 50 Babuovg Kedsiov)
Méom nuepnoia Kotavaioon (eotod vepol (To kakokaipt, o€ Aitpa): 97.800.

Oeppokpooio dravoung Leotov vepoo (og Babuovg Kedoiov): 48,5°C.

T eldovg otéyn €xel 10 voookopeio; (efvor emimedn KekMpévn N KTN;)
Erimeon.

. Av 1 otéyn eivon enimedn, mdon elevbepn emedveln VIApPyEL (GE TETPAYOVIKA

LETPOL ) YLoL TV EYKOTAGTAOT MMAKGOY GLOTHUGTOV; = 7.250 m’.

Yteihte pog €va TPOYEPO OKITGO KATOYNG TNG OTEYNG OTOL VO PaivovTol Ot
KOpleg O100TACELS TNG Kol T TOAVE «EUTOIO» OTMG OATOANEELS KATVOSOY MV,
POTOYOYDOV, KAUATIOTIKE KA. XNUEUOOTE TOV TPOCAVOTOMOUO (TnV
katevBouvon tov Poppd). Av n otéyn elvar kekhpévn (my. xepoapidw),
ONUEDMOTE TNV KAoN TNG.

[Teprypayte 10 ocvotuo mapaymyns Ceotod vepod mov dwbétel 10
VOGOKOUETLO:



IS

Yrdpyet Eexoprotoc AéPnrtag yo o {eotd vepd yprong (va, oyt) Oy
T ypovoroyiog eivan (1 TOTE eyKataoTdOnKe;) ------
To Leotd vepd mapdyston péow atporéPnta 1 Kowvol AP Ta;

Kowoi Jéfnteg kou evailaxteg TANK-IN-TANK.
Trioy0 €xet o kavotpag (m.y. 100.000 kcal/h); 3 X 2.800.000 Kcal/h.

T kavowo ypnowonoteital; Poaixko Aépio.

[Towo givon To KOGTOG TOL KAVGIOV Y10 TO VOGOKOUEID; (ODOTE Lo
péon TN K66Toug ayopds kotd to teAevtaio £1og m.y. S0 Aemtd to
Altpo meTperaiov)

0,0332663 € + ®@IIA (9%) / KWh.

Yrdpyer umotkep (doyeio) vy to (eotd vepd ypnong Av voi, T
yopnTikdtTTa £)XEl (08 MTpat);

10 Evaildxreg Nepov tank-in-tank ovvolikng ywpntikotnras 4.000 It
TEPITO.

ZOUTANPOCTE  TOV  TOPOKAT® TIVOKO HE TG UNVIOHES  TUUES
KOTOVAA®ONG Kavaipov (my. Mtpa metperaiov) yio Eva Tumikd £10C.
e mePInTOON OV GOG ival AdVVATO VO EKTIUAGETE TV KATOVAA®GN
KOLGIHoV Tov apopd povo to (eotd vepd ypnong, TOTE KOTAYPAYTE
TNV GUVOAMKN KOTOVAA®MOTN KOLGIHOL Kol TEPLYPAYTE TOEG GAAES
xPNoelg apopd (m.y. Bépuavon yopwv). Eivar onuovtikd va ddoete
0G0 TO JLVATOV O EVKPIVEIG KOl OVOAVTIKEG TTATPOPOPIES.

lavovdpilog

DePpovdprog

MdpTtiog

Ampiliog

Mduog

lovviog

2.786.000
KWh

2.820.000
KWh

2.490.000
KWh

1.670.000
KWh

1.034.000
KWh

804.000
KWh

TovMog

Alyovctog

YentéuPprog

OktOPprog

Noéupptog

Aekéupprog

643.000
KWh

645.000
KWh

658.000
KWh

1.502.000
KWh

2.595.000
KWh

3.111.000
KWh

6. ZyOAd - TOPATNPNGELS GOG:

H karaviiwon kavoinov apopa v Oépuaven (oamxo Oxtafplo éwg kai
Amnpitio), v atuomapoywyn (2.000 kg/h X 8 wpes nuepnoiovg X 365
nuépes / €tog) kou v Oépuavon vepov ypnong.
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