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Abstract — From case study to realization, Chateaubrianfept is one of the success story of the
SDHPIus project. In 2013 was studied the opponyuigitconnect a large scale solar plant to the iexjst
district heating of the city of Chateaubriant. Tkaro the results of the feasibility study, andhatihe
great help of a tour in Denmark, the City was coned. After 2 years of discussions, a business mode
emerged and permitted to go further. The desigdietuand preparation of the call for tenders wenged
at end of 2015, and now the works are at the ptansiage and should begin in December 2016.

An ambitious project is ongoing: about 2200 m2 olas collectors will be connected to the northern
branch of the DH. The system is designed and wvelicbntrolled to perfectly fit both load curve and
biomass heat production.

Moreover, the designer and planner TECSOL, theallest the collector provider and the operation
manager ENGIE COFELY have accepted to engage timewmniEnergy Performance Contract: 900
MWh/year has to be provided to the DH or they wily penalties.

' |g 0 — Aerial potogrphy moelllng (oce rchlctus)



INTRODUCTION 2. DESIGN ISSUES

The project consist in a large scale solar plardkafut 2.1 Solar collector field

2200 m? which will be embedded on the ground and The plant design is made in order to reach a swat

connected to the main Northern branch of the edsti production (injected in the DH) of 900 MWh/year.€Th

DH of the city of Chateaubriant. The project issgmted  pjant will be connected to the DH in return-retumone

in the SDHplus case study “Chateaubriant” availaile f the two main DH branch, the Northern.

the website: http:/solar-district-heating.e@nd in [Le  The DH return temperature is now about 75 to 83¢€C.

Denn, 2014] will be limited to 75°C maximum thanks to upgrading
action on the substations and negotiations withntlagn
users like with the hospital and a clinic. The rnegmns

1. TIMELINE OF THE SDH PROJECT should lead to modification of the DH subscription

) . . ~ policy.
End of 2012 — mid 2013a national call for interest is

launched by the French partners of IEE SDHplusgetoj <
The city of Chateaubriant is selected and a felitgibi
study is made. It concludes in the interest ofgrdaéing a
1900 m? solar collector plant to provide 885 MW!afye
for an investment of 1,140 M€ (excl. VAT). The
levelized heat cost is evaluated at 98,40 €/ MW lihgvit
grants).

June 2014 the project is presented at the SDH | :
Conference in Hamburg [Le Denn, 2014]. The City of S
Chateaubriant meet the German and Danish experts o *,
SDH: the decision makers are convinced. A firstkagar
analysis is done to look after possible provider of Figure 1 - DH temperature (measure in the boileomg

At the same time, the City of Chateaubriant and ENG : : :
COFELY are under dISCUSSIOI’] '[0 f|nd a SUItab|e m Production de chaleur sortie chaufferie en 2014 (kWh/hr)

model. Chéteaubriant requires funds from the ADEME |
through a new and dedicated call for project folarso
thermal large scale operations. The project iscsade ‘ |
January 2015the City of Chateaubriant launches a call il
for tender for the preliminary design studies. 8ignth "
later a solution is found for the business modwt: City
will invest, ENGIE COFELY will operate and the
average price of heat will be decrease of about Bdé.

final location is selected: a ground which belotgghe
City, near the river. o
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Figure 2 — DH heat production in 2014

2000|

November 2015the City of Chateaubriant launches the
call for tender for the design and planning studies T
Architectural aspects are treated, final design anga
planning aspect also. The call for tender for tleks is
set-up by the engineers. Control and design issues
discussed with the DH operator because the bioma
boiler required continuous operation at a minimufm 05 5 Buffer tank
1IMW.

o fulfil this objective, about 2200 m2 of doublazed
rge flat plate collector will be set up on theognd,
oriented face South and tilted 35° (see Figurethetnd
gsf the paper).

The other components are sized by is made by taking

March 2016:The City of Chateaubriant launches theinto account the following constraints: reducedilcate
call for tender for the works: technical premiselas N the Northern DH branch in summer and no stoage
collectors, hydraulics, storage, etc... The buildiegmit  the biomass heater but a 10 km long DH piping.
requires long and many administrative operatiorise T _1N€ Objective is to make the solar plant adaptabtbe

validation is expected for September 2016 and waiks 10&d profile by using a daily storage of 1503.|amd
begin in October 2016. variable flow rate injection in the DH. The arcloitgral

constraints require the use of 3 buffer tanks ofns0



each. To limit the visual impact they will be pldceear regarding the loads (minimum biomass production of
to the solar substation room, in the middle ofzbee. about 30% of its nominal capacity).

2.4 Planning

The collector manufacturer and installer are setéct
thanks to a call for tender with public proceduks.soon
as the administrative issues are validated (bugldin
permit), the study phase of the project is donelamuary
the works should begin, for 3 month. Then a penbé
month, including summer period, is planned to oftém
the operation, control and regulation system, nea@hce
activities and monitoring. EPC will begin at thé' 1
January 2018.

Figure 3 — Ground plan of the solar plant
(source: MCM Architecture)

3. BUSINESS AND FINANCIAL MODEL
The zone is located near a river. To prevent flngdi
the collector and the technical premise will besediat  The DH is operated by ENGIE COFELY since 2011
the adequate level. The general design of the gidet  under a standard French model called “DSP” (public
zone also take into account the architectural amiru service delegation): the public local authority rghéhe

planning constraint. City of Chateaubriant) delegate to a private coryphe
design, the realization, the operation and maimteaand
2.3 Hydraulic scheme and operation the investment of the DH. The “DSP” contract hasrbe

The primary solar loop is constituted of severaksaof ~ Signed for 21 years.
collectors, connected by underground pre-insulated

piping, filled in with anti-freezing liquid (propghe The solar plant and the arrangement of the grouwati(
glycol). fe_nce, electricity r_1etw0rks, etc...) are financed tby
The expansion is ensured by expansion vessel with &City of Chateaubriant. From the start up of thenplat
compressors. A leakage can be detected and anwaitirm Will be exploited and maintained by the DH operator
be sent if the pressure in the circuit falls down. ENGIE COFELY.

The overheating is managed by the storage in the DH 5% ,—5%

. - 5%
volume and the operating strategy, by the locahrsol ® HOT L ROAD, GROUND '

1%

storage (150 m3) and finally in case of electricity  orss rechnicaLrremise

breakdown by the security valves installed in thedf /
and the technical premise. #LOT4 - FENCE '
The primary pump is fixed flow rate, and start-p i

controlled according the value of the irradiatiord ahe LOTS - SOLAR PLANT

level of temperature. Ea%

Engineering

The secondary loop is separated thank to an efficie
plate heat exchanger.

It is connected in “direct mode” (no buffer storpge
order to limit the heat losses in winter. In thisda, the
flow rate will be fixed, because the DH flow ratada
demand will always be higher than the solar pradact
The storage tank will not be used in this mode. pinap
will start according the difference of temperathetween
the collector outlet (measured at the heat excharagel
the DH return pipe before the solar connexion.

Figure 4 — Investment cost distribution

To financed the investment (about 1,3 M€ excl. VAT)
the city, as a public entity, use different toolsan with
low rate and grants from ADEME. The Iloan
reimbursement will be ensured by a “user tax” playd
the O&M company (COFELY ENGIE). The tax covers
on 12 years the total amount of the loan.

To finance the “use tax” and the solar O&M costsofa
10 k€.year), ENGIE COFELY will put in place in 20&7
ie Whe%HP plant (natural gas), with an electricity sa]lin
contract of 12 years.

In addition to the decreased of the DH temperathiese
actions will permit to lower the yearly heat priziabout
3% as soon as the plant is started.

A second mode is possible: when necessary,
the DH heat demand at the heat rejection poinbuget
than the production (some times in summer), tharsol
heat production will be stored, and slowly reingettin
the DH. An important element is that the biomastebo
(3 MW) will not be stopped in summer, then the coht

strategy has to take into account the biomass ptimau The solar plant will permit to lower the gas congtion

and increase the RES share of the DH to reach 75%.



In the EPC, the average daily heat production (&pU
Some work is ongoing to convince and make the useia kWh/jour) is provided for each month. This thetical
decrease the return temperature. Some “bonus” mystevalue has to take into account :
(lower heat price) like in Denmark is actually sedito - The characteristics of the solar plant set up in
motivate the user to finance works. the specifications,
- A given reference hourly meteorological file,
- The provided hourly DH operating conditions

4. ENERGY PERFORMANCE CONTRACT set up as “reference”,
- The performance coefficient of the selected
4.1 General principles of the EPC solar collectors.

The aim of the energy performance contract (EPC) is

that the builders and the operator take the respitins ~ The ESlker value is calculated by the different CEP
of the operation of the plant regarding the invedtothis ~ partners with several calculations methods (excetlly
proiect, the EPC is concluded for 5 years and anemethOd, TRNSYS, etC...). The most realistic will be
between the City of Chateaubriant and a group ofhosen finally and the values kept for the EPC.

companies, constituted by : )
- the engineering office, designer and pianneigxam[:_HE(Wl” be recalculated for the selected CO”ectDrS)

(TECSOL), Grer = 1463 kWh/m2.y
- the installer of the solar plant (call for tender ESUger = 900 MWhly
ongoing),
- the collector manufacturer or provider (call for jan. | feb. | march] aprl] may] june
tender ongoing) ESUref(Mwh) | 25.07| 3860 8069 107.48 1112 11319
- the operator of the solar plant (ENGIE COFELY). [ESUref(MWh/) | 038 14 2.6 3.6 3.6 3.8

. july aug. sept. oct. nov.|  dec
The contract is based on the annual solar energESUref(MWh) 10724 907 10075 5500 3395 273

provided to the DH. The solar energy injected & B+ ESUref (MWh/) | 35 32 3.4 18 11] 09

is measured (ESM and compared to the solar energy Table 1 — Reference solar energy injected in the DH
produced theoretically (EQY modulo the real/theoric

irradiation (G). A return temperature of the DH kw If the measured irradiation By = 1350 kWh/mz2.ythen
than 75°C (value used for the design of the WhOI%M/GREF=O.92

installation) is a necessary condition to reach thepen the guaranted energy will ESUs = 0.9 x 0.92 x

objective of the EPC. 900= 745.2 MWh/year
The measurement of the solar heat production isghar
the installation and should also be seriously done. 4.3 Penalty

4.2 Heat production In the case of the solar plant dq not prpduce the
) o expected solar heat, the group will pay in to the

The solar heat production is influenced by severabnaeaubriant City a penalty, as described bellow.

external conditions such as irradiation, ambient

temperature anq temperature and flow rate at fleetion For each complete year (12 month from January to

point. The irradiation is one of the most influentth the December), the penalty is calculated with :

return temperature. To take into account thoseabbei - the garanteed yearly solar heat production

factors, le guarantee solar heat production (§Sull be (ESWs) in MWh

calculated from a reference and theoretical values - the real and measured vyearly solar heat

(ESUxegp) with the following method inspired by the IEA, production (ESW) in MWh

SHC program, Task 45 [Nielsen, 2014] method: - the average heat price of the previous year
ESUs = Fo X Fg X ESUger (PVC) in € incl. VAT/MWh

with :

- Fo, equal to 0.9 and set up at fix rate to takeFor the first year of the EPC, the calculation falas is
into account ambient temperature influence the following :

wind speed, etc... and measurement errors o = 2 -
' _ 1= 2 X PVGuizyear X (ESUs year 1 — ESUn year 1)
- Fg = Gy / Grer, With Gy the _measurednnual yeer v v e
tilted irradiation and G the reference annual ¢ | js positive, it represents the total amount tbe

tilted irradiation used to calculated EQld :
enalty to be applied to the group for the 1st year
- ESUker the reference solar heat productionp Y bp group 4

calculated by simulation for theoric external ¢ | js negative, the amount will be deduced frohe t
conditions. amount of the penalty | of the next year :



lyear2= 2 X PVGayiaear 1X (ESUs year 2— ESUy year ) 5. NEXT STEP AND PERSPECTIVE IN FRANCE

+ Iearl
The calculation is the same for the following yeansil Nowadays the final collector manufacturer and ifesta
the end of the period of the EPC (5 years in thiseg. company is being to be selected. Various admirigéra

issues such as building permit are also currendind
Because the investment is partly granted, the dveravalidated. The timetable is the following:
penalties (over the 5 years) cannot excess 30%ef t Last trimester 2016sizing studies and beginning of the
investment. works on the ground (roads, hences, technical s&mi
construction of the about 200 collectors (3 months)
4.4 Invalidity of the guarantee January 2017 solar plant works

In some extreme cases described here, the penaltnpril 2017 : start-up phase, monitoring, training of the
calculation will be «invalidated ». That is to sggarly  em optimisation of the control parameters

ESU; (theoric guarantee)will be re-calculated by . i . N N
deducing the expected daily ESThese days, the ESU Until end of 2017.. dynamic commissioning, validation
of the plant operation

(measured) will not be taken into account neither.
January 2018: beginning of the EPC penalty

The extreme cases are defined because none of thelculations
member of the group can be claimed as a responsible

it. These extreme cases are: The installation is expected to be a best practite a
- Electricity breakdown due to a failure of the demonstration plant regarding the business modhel, t
public electricity network technical aspects (largest installation in Frarame) the
- Extreme climatic condition not taken into aCCOUntperformances_ The next grant program and po]icies
into the European and French standards, should be built according the success of the ptdje
- Water rise higher than the centenary rise Denn, 2015].

- Earthquake or mudslide higher than the one taken
into account in the European and FrenChREFERENCES

standards, Le Denn A., Plaza C., Paulus C., Egret D., Lesseant
- Degradation of materials caused by peoplefrom the first french case study on the integratidna
animals, vandalism, central solar plant into an existing district hegti 2nd
- 24 consecutive hours of stop of the DH, International Solar District Heating Conference4tB-

- Average temperature measured on the return of thfune 2014, Hamburg, Germany

Northern branch up to 75°C between 6 a.m and 8 .
p.m during 6 time steps of ten minutes. Le Denn A, I?qua C., Paulus C., Solqr D|str|ctFImgaa
succesful topic in France, 3rd International S@&strict

Heating Conference, 17-18th June 2015, Toulouse,
France

Nielsen J. E. Tech Sheet A.3.2, Guarantee of annual
output, IEA SHC program Task 45, 2014

Figure 5 — Future landscape overview (source : M@f¢hitecture)



