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Introduction

The CODE2 project

This roadmap has been developed in the frame of the CODE2 project, whictuigled bythe
European Commission (Intelligent Energy Eurep&E) and is part of an important market
consultation for developing 27 National Cogeneration Roadmaps and one European
Cogeneration Roadmap. These roadmaps are built on the experience of the previdks CO
project (www.codeproject.eu) and in close interaction with the poligyakers, industry and civil
society through research and workshops.

The input of all experts has informed these roadmaps. The content of the roadmaps and
opinions expressed reflethe conclusions of the CODE2 project only.

The project aims to provide a better understanding of key markets, policy interactions around
cogeneration and acceleration of cogeneration penetration into industry. By adding-a bio

energy CHP and mic©HP anabis to the Member State projections for cogeneration to 2020,

the project consortium i s proposing a concrete

Draft roadmap methodology

This roadmap for CHP iBpain is written by CODE2 partner FASTFederazione delle
associazioni scientifiche e tecniche, based on agea of studies and consultation
It has been developed through a process of discussion and exchange with experts.

Acknowledgement

FAST and the CODE2 team would like to thank all exprdgpolicymakers who on different

level have been asked to give their valuable contribution to this roadmap.

It has to be stressed anyway that the statements and proposals in this paper do not necessarily
reflect those of the consulted experts.

N.B.

The roadmap was written over the period\pril 2013 — March 2014. The national policy
framework around CHP has continued to evolve in Spain and this should be taken into account
when using the material in the roadmap.

2 CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE



TABLE OF CONTENTS

oo 18 ox 1o o [PPSR 2
1. EXECULIVE SUMMAIY......cciiiiiiiiiiiiiiiiiiiiimiieeas e a e e e e e e e e e nmeeeeeeeeeeenennensnnnnnnnnnnnn &
1. Where are we now? Background and situation of cogeneration in Spain.......... 5
1.1. Current status: Summary of currently installed cogeneratian................... 5.
1.2. The Energy and Climate Strategy in SPaiN..............eeeeeeiiiieemiemieiiiiiiieeeeees 6
1.2.1. Overall Energy Background............ccccoeeeiiiiiieeciiiiiii e eeeeeeeeeee s 6
1.3. Policy deVelOpmMEeNt.........oooviiiiiiii e 8.
IR F0 S o (=110 o PP OPPPPPPPR 8
1.3.2.  CUIMENTSITUALION ... ...uititiiiieee e e e ceeree e e e e e e e e e e e e e e e eeetnnne e e e e eeeeeeeeeenennees 9.
1.4, AWAIENESS. ... eiiieiie et e et et e e e e e mmmr e e e e n e e e e annneeenne 10
1.4.1. ROl Of KEY GCIOIS.....cciiiiiiiiieeiiee e 10
1.4.2. General consideration on CHP in Spain...........ccoeeoeevviieeeiiiii e, 11
1.5. The economiCS Of CHRE........uuuuiiiiiiiie e rereer e 12
1.6. Barriers t0 CHP....ooooiiiiiiii e e e e e e e ean 13
2. What is possible? Cogeneration potential and market opportunities........ 15
2.1. Potentials and market OpportuNitieS.............vveeiiiiiiiccmeriiiieee e 15
3. How do we arrive there? The Roadmap.............ccooiiiimmmnneeesiiiiiieeeeen 17
3.1, General INtrOJUCTION.........cuuiiiiiiiiiei e 17
3.2, PrOPOSAIS...cciiiiee e 17
3.3. Saving of primary energy and CO2 emissions by CHP roadmap........... 19
Annex 1: Stakeholder group awareness asSESSMENT...........uuuuiiiiiiisee e e e e eeeeeeeeeen 21
Annex 2: MicreCHP potential 8SSESSMENL.........cuviiiiiiiiiiiiiiieieeee e 23
Annex 3: Bieenergy CHP potentisSSESSMENT........cvviiiiiiiiiiiiiiiiiiieea e 25
Annex 4: Methodologies used to calculate the saving of primary energy and CO2
L= 0 1RSSO 27
ANNEX 5. SOUICES ... ittt e e et e e e e e et e e e e et amrn e eeees 29

3 CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE



1. Executive Summary

After a continuous increase during the so called Special Regime until 2007. In the subg
years two connected and concurrent facts happened.

The economic crisis that hit the industry and the demand of useful heat and the change @
frame that intervened to limit the dramatic tariff deficit caused by the special regime itself.

The cogeneration situation rapidly began
then. As a result of this trend Spain has lost almost 25% of productionroAy13.

All the stakeholders agree on the fact that, if the government will not invert its p
maintaining low the remuneration and contemporaneously high the tax on electricity sa
the next future maybe 50% of existing cogeneration plants shade and, even worse, also tf

equent

f legal
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associated industry.
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1. Where are we now? Background and situation of cogeneration in
Spain

1.1.Current status: Summary of currently installed cogeneration

After a continuous increase until 2007 there has been drop in cogdnarmistalled power due
to the stop of new plants and to the lack of upgrading of the old stock of plants.
The present installed poweés at level of 6 MWe.

The latest valuesegarding CHP installed power repo5.969MW inFebruary2014 according

to CNMC (Comisién Nacional des IMercado y de la Competencia), whilst according IDAE
(Instituto para la diversificacion y ahorro of the Ministry of Industry and Energy) this value is
higher and equal to 620,7 MW taking into consideration cogeneration comgifrom waste
treatment and bioenergy.

lookingat t he development of CHP installed power
until 2007 and then a sudden drop of new installed power, which finally became negative as
many plants stopped due to theconomic crisign front of the practical absnce of new plants
installationin the last fve yearsin line with thedecrease of the industriapplications.

Datos cerrados a 30 de septiembre de 2013

1. EVOLUCION NACIONAL DE LA POTENCIA INSTALADA: TOTAL Y POR SECTORES
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Fig. 1 Development of total installed power and percentage distribution in sectors
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Potencia Total: 6.620,7 MW
Fig.2 Distribution of installed poert according power range Faitig TOREIINETCR
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1.2.The Energy and Climate Strategy Spain

1.2.1. Overall Energy Background

The Action Plans following one another before their original extension and contradictin
provoked not a few difficultiesni the sector. The present PNAHBes not provide specifi
measures and objectives of promotion of cogeneration

O
0
Q
7]

After the publication of thePlan of Action 2012020, that practically has never been applied,
the Spanish Governmenpublished and submittedto the European Commission, new Plan
replacing the previous, that is the Plan Nacional de Accion de Eficiencia Energetica (PNAEE)
20142020 addressed to the whole compartment involved in energy saving
The 208-2020 Action Plan presentie general lins to achieve the energy efficiency in the
buildings, industry and services sectors and shall be updated every three years to take into
consideration the actual savings progress.
This Plan contains the executive measures to comply with the European Erf@oignéy
Directive, forcing Spain to save 571 ktoe/year between January 1, 2014 and December 31, 2020,
equal to total saving of 15.979 ktoe.
Of those 571 ktoelyear savings, 15,3% (87,1 ktoe/year) correspond to the sector of Building and
Facilities by mans ofenergy rehabilitationthrough thermal isolation of existing buildings as
well as the implementation admart energy managemesystems
The Plan foresees to adopt the actual economic support, especially for the actionstrettesl
Buildinggrehabilitation.
The main points of this Plan are
1 a system energy efficiencyobligations will be created based on exchangeable
certificates. Obligated partiesare the traders of electricity, gasand oil products
including transportSmalltraders andretailersshall be exemptrom such obligations.
91 National Energy Efficiency Fundilivbe created as a backupto this system of
obligations
1 Moreover Spainwill make use oflternative measure$o encourage savingfficiency
especiallyof fiscal and finanial natureas well asenergy efficiency standardand
information campaigngnany of which aralready in operation.
9 IDAEis responsible foissuingand regiseringenergy performance certificates

It is important to point outthat the new NationaPlanfor Energy Saving arkfficiency contrary
to what is indicatedn the previousPAEE2011-2020 does not providespecific measureand
objectives ofpromotion of cogeneratioieyond whatalready considereth the EBD sothat the
indicatedgoals previouslyforeseen,to create3.751 MW of new cogenerationand 3.925MW
from renovationandother measuresio longer apply

SERVICIOS AGRICULTURA;
PUBLICOS; 9,5 ktep; 2%
12,3 ktep; 2% COMUNICACION

6,0 ktep; 1%

=Sk

EDIFICACION Y
EQUIPAMIENTO;
87,1 ktep; 15%

INDUSTRIA;

311,6 ktep; 55%
TRANSPORTE;

144,1 ktep; 25%

SourcelDAE
Fig. 3Distribution of target final energy saviigs1 ktoely)
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Again it is noted that Industris charged with the greatest saving rate of 55%, equal to 311,6

ktoely, but the measures indicated to reach t
best available technologies in instrumentation and process and in part establishing energy
managings y st ems ” , without mentioning cogeneration

the best available technology.

The Plan reflects the economic support measures currently in foassistent with the
scenarios of consumption of final and primary energy gné¢ed in the energy planning
regarding renewable energies , according to the obligations of the Directive 2009/28/EC of 23
April 2009 promoting the use of energy from renewable sources.

Thus, the energy planning is a coherent set toward the target ofdwipg the final energy
intensity2 % per year in the period 202D20.

The measures included in this Plan are foreseen to bring an energy saving by 2020 equal to
17,842 ktoe of final energy and to 35,585 ktoe of primary energy calculated with refetbace
year 2007 and according to the methodology proposed by the European Commission.

The savings in terms of primary energy includes the savings coming from the proposed
measures for the Energy transformationsector primarily through the promotion of
cogeneation and other measures regarding the change in the mix of electricity generation, in
agreement the obligations deriving frothe already mentiorDirective 2009/28/ECQegarding
renewableenergysources.

The new Action Plan 2022020 complies with the s&ngs targets required by Directive

2006/32/EC and is consistent with the overall objectives agreed with the European Council on
17 June 2010 relating to an improvement of 20 % of the primary energy efficiency by 2020.

The accumulated savings of final and primary energy during the period-ZI are
respectivelyequal to 120.967 ktoe and 247.791 ktoe, allowing preventemissions into the
atmosphere 0fL.012 Mbn of CO2 .

As regards the sectors interested in saving the data of the following tableappl

Final Energy saving ktg Primary Energy saving kto¢
2016 2020 2016 2020

Industry 2.489 4.489 2.151 4.996
Transport 6.921 9.023 8.680 11.752
Buildings 2.674 2.867 5.096 5.567
Public services 56 125 131 295
Agriculture and Fishing 1.036 1.338 1.289 1.665
TOTAL SECTORS 13.176 17.842 17.347 24.275
Energy Transformation 9.172 11.311
TOTAL 13.176 17.842 26.519 35.586

Table 1 Action Plan2011-2020 Gobal and sector energy target

As it can be seen the Transportation Sectorcoants for 51 %. while the Industry Sector
accounts for 25 % of total savings in 2020.

The Industry sector has set a yearly target in 22Q00 of final intensity improvement of 2.5%.
The Buildings sector savings are located in the tertiary sector, laguses, wherdinal energy
saved for heating will be practically compensated by the penetration of domestic air
conditioners. At the same time Iis expected ignificant improvement in thegeneral
performancecoming fromthe announcedntroduction of District heating networks.
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These facilities provide the incorporation of thermal renewable technologies and cogeneration,
promoting distributed generation power and decreasing energy losses in transmission and

distribution.

Finally, in the sectoof energy transformatiorthe primary energy savings coming from CislP
equalto 15% of the total savings in this sector, whare accountedalsoenergysavings from

other renewable sources

The proposed targedf installing3.751 MW of new cogeneration withi2020 and the renewal
of up to 3925 MW of cogeneation plants over 15 years old is no more valid hor mentioned.
This documentrefers to a Plan defined at thigeginning of the crisis period and has not been
updated nor substitted, unless with single orads.

1.3.Policy development

Even if Special Regime has been repealed, its effects in the Tariff Deficit is still impendi

deficit is even now the main element that leads the choidesnergy policy.

1.3.1. Foreword

To explain the energy policy in Spain @ndh e
concepts characterizing the Spanish energy model.
U  Special Regime (SR) (Régimen Especial)

The SR is a treatment reserved to electricity produced by plants with an installed power

re

| ated

less than 50 MW utilizingll the renewable sources cogeneration.
SR is not assimiled to any renewable energ in particular and includes cogeneration

technology.

probl ems

it’' s

ng. The

In 2011 33% of electricity has been generated in SR. This energy in general is not cheap nor
competitive and requires to bgubsidised.

U Incentives to SR

Till &ily 2013, the installations assigned to SR have the right to sell the produced electricity

at aregulatedprice.

The electricity generated under the special regimas subsidized]l t * s
annual incentivewas continuously growing. In 2010 it was 7.066 billion euros and the

cruci al

accumulated incentive value since 1998 amounts to 38.690om and the expected
premium, according CNHj 2012 isequal to€ 6.984 mo.

40,00

30,00

20,00

(centimos de € / KWh)

10,00

50,00 -

(cent € / KWh)

9.- Regimen especial: Prima por kWh y técnologia en 2011

0,00

il B

Cogene
racion

Solar
FV

Solar
TE

I

Edlica

m B

Hidrauli

ca
(R.Esp.)

Biomas
a

N

Residu
0s

i B

Trat.
Residu
0s

i i

Media

® Prima equivalente
(cent€/kWh)

5,63

39,12

24,00

4,12

3.90

7,38

3,21

8,23

7.57

Fig 4 \alue of the incentivef o r

each

t ec hnolVkevg.y

n

2011

n

t

CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE

(0]

€



U Electric Tariff Deficit (TD) (Déficit de tarifa eléctrico)

Accordingo the fact that the Government has the task to approve the electric tariffs, since
year 2000 it approved tariff not including all the costisat utilities were claiming, thus
creating atariff deficit , a kind of postponed consumer detatward the utilities . The
Governmentgoal was to maintain electricity prices low and avomegative effects on

inflation.
1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011| 2012
yeardeﬁcit 0 289 100 1149 0 0 3830 3046 1223 5819 4616 5553 3850 5609
cum defcit 0 289 389 1538 1538 1538 5368 8414 9637 15456 20072 25626 29476 35085
Table 2 Anual accmul at ed Tari ff Deficit in € mio

After the issue of the new Law 24/2013 the distinction between ordinary and special regime is

no more valid, the latterb ei ng substituted by the diction
remuneratiory, but i t ' s i mpherethat,ralthouhthe term mmeomiore valid,

its consequences are stievereand constitute one of the majdinancial problems concerning

energy market.

1.3.2. Qurrent situation

Since 2012 Spain has begun an Energy Refortermainate the huge accumulated deficit of
electricity tariff. This reform began with the publication of RDL 1/2012 , which paralyzed the
development of new plants (in the specralgime) and the substantiakstoration of existing
plants, and continued with thdssueof various Royal Decreasgarding income topics (tax
reform Law 15/ 20123ndDraft Royal Decree regulating renewable and cogeneration , etc. .

1.3.2.1. Weak points oftie proposed Reform

U The Energy Reform proposed by the Minisigy not appropriate for cogeneration

development, given that

0 it clearly shows that it has been elaborated looking at theergableenergiesthat are
characterized by wirtually zero marginal &t and that once the investmenhas been
recovered can profit sellingo the production market

0 conversely , cogeneration using fossil fuels may NOT compete in the wholesale market
with other technologies that use cheaper fuels (coal , nucleamwithr gas plantavith
much lower investmentostsdue to economies of scale

o0 however cogeneration cameally favourably compete at user level providing
economic and technical advantages that are maluded nor acknowledgeith the
proposed Energy Refm

o0 this reform seems focused ddHP as power plamroducing "electricity only "for
the grid avoiding the selfonsumptionoperation, that is the normal way to operate a
cogeneration plant.

FurthermoresomeMinisterial Ordersare changingthe wayof payment and
create support mechanisms highly complex, difficult to implement and not always
congruent with the legislationin force.

Thecharacteristic otogenerationto be operated according to consumer demand and not
to the market of electricity production is absolutely not taken into account in the Decree
and therefore its proposalsddressednainlyto renewable energy are highly detrimental
to cogeneration.

U Theparametersused to calculate incentivesnust becalculatedon the basis ofminimum
required values. This affects specific investmentsigieffcy , and operational costs.
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o0 Ministerial Orderscalculationsdo not follow the criteria of the Law 54/199and,
unlike what the State Counciestablishes, introduces a principle of retroactiyity
because ofwhi ch many i n\aeysnorethesrofdability’used fereheir
investments with the consequence of stopping further plant implementations and
even operations

U The proposed legislation appliestroactivelyalsopenalties

0 Thelegislation does not affedhe entire cogeneration plants, butnly those which
input the entire electricity to the grid
The Law 54/ 97 forced tdnput into the system only surplusf electricity notself
consumedSince theRDL 7/ 206, the cogeneran plant couldinput all of its electricity
production to the grid and purchase itsown consumption that is it could choose
between the selconsumption or all-inclusivemodality.

Thenow proposedRoyal Decree only refers to plants whilpplytheir entire electrical

production to the grid and setfonsume the total thermal output.

All these new measuresreates difficulties foowhom have decidedo selfconsume olintended

to do in the future because thesupplied electricity could not meet the minimom number of
hoursrequired to beremunerativeand also constitutes an infringement of the principle of non
retroactivity.

1.4.Awareness

The Cogeneration was the firgicomingtechnologyto develop within the Special Regime and
therefore is well known irspain since the 80s and 90s of last century. Subsequently the "boom" of
renewable in the first ten years of this century took it away from the preferred options in alternative
energiesand therefore CHP powdrasnot increase significantly in Spain sin@902.

1.4.1. Role ofkey actors

The main aspect of cogeneration in the 80s and 90s was the capacity to provide more economic
power and also supporting national natural gas network and industrial expanslanthose

times when the electricity of the "utilitieswas produced by Rankine cycle power plants,
cogeneration allowed big savings. The development was very fast in the industrial energy use
until the early years of the twentirst century.

Very few electricakompanies supported this power production systdaking part to plant
investment together with the industrial customeEven considering thdtoth had benefits in a
time of significant and rapid growth in the national econgn@HP activity was seen by utility
sector as a foreign competitealso subtrating a client rather that a winwin partner.

Poor

Low

Early awareness
Interest

ga b~ W DN PP

Active market

BELEN
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Customers Market
Engineering
companies
Utilities Industry Commercial
Installers Grid
operators
Architects
Influencers Policy
Gene_ral National Regional Local
public
Ener Urban
Academia NGOs Research g_v and Regional
agencies
Planners

Table 3Level of awareness among key actors under the 4 semdmomic groups

1.4.2. Generalconsideration on CHP in Spain

In general the cogeneration technology and its potential and benefits are perceived only by the
most involved stakeholders, namely by manufacturers and big consumers industries beyond the
category associationgngineering comaniesand electric institutions.

No specific mention has been paid gnericmediaand public, where the attention is normally
gained by renewable energy and by a general perception of energy saving and efficiency.

As policy makers, both national anccd, the level of awareness is currently poand this is
widely demonstrated bythe measures adopted by the government in the recent years and
namely the actual reform thatlearlyprevents the development of cogeneratiovithout taking

into accountall the energy marketispectsand economicimpact

The actual perceptioseemsthat in general termgogeneration is felas a technology from the
past, complicated, with high regulatory risks, and therefoustomersare ready to abandon,it

with the soleexceptof energy intensiveindustries and long term strategies
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1.5.The economics of CHP

The current environment in th&panish cogeneration sector is extremely adverse. After the
entering in force ofaw 24/2013 the cogeneration operations are not ramerativepractically
for all sectos, even if at different level and according to the technology in use. In geaeral
serious impacts foreseeron revenue of plants with a reductiothat could reactaround 30%
The insecurity of further operations is strongly discouraging investments.

Table 4 , that offers a view of the current market economic situation of cogenerati®paiim
shows only one segmethat, if equipped with recent installations, can survive witbhderate
attractivenessThis segment refers tlargeindustrial natural gas installatien

But at the same time it has to be recalled tim&w investments have almost stoppeaainly
due to the recent review of the regulated remuneration scheme, andmanydecline of
industrial activites.

The regulating legislation isadequateto promote small scale CHP installati@ml, even the
field of application in Service sector could be interesting, the capital and operationsadvite
investing as a fuire perspective.

Micro Small & Medium Large
Spain up to 50kw up to 10MW more than 10 MW
Coal
Industry
District heating
Services
Households

Table 4 Economic situation of CHP in user groups

Legend:

I:I “ nor meHP Investment has good economic benefits, return on investment
acceptable for the investors, interest for neimvestment exists;
there are no significant economic barriers for the implementation.

I:I “ mo d e €HP’'Investment has modest/limited economiméfits and return on
investment limited interest for new investments.

- “ p o or CHP Investment has poor or neiyat return on investment or is not
possible due to other limitations, no interest/possibilities for new

investments.
I:I Not applicable for the sector
NG Natural Gas or appropriate fossil fuel
RES Renewable energy sources (wood biomass, biogas, etc.)
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1.6.Bariers to CHP

Due to the economic crisis from one side and the new legal frame entered indorte other
side the barriers to the development of cogeneration have become more appropriately
barriers to the survival of the entire sector.

The current state of emergencyfor survival of the cogeneration secton Spain iso high that

spealing in this moment ofbarriers to the developmenappearsat the very leasinappropriate

and shows little sensitivity to the dramatic industrial economic and soal problems that

cogenerationsectorsis currently facing

In fact, it is moreappropriate to speak obarriersto the survival andperation continuity of

cogenerationplants and by far the greatest barrier appears todayhe law 24/2013related to

the electrical systemand especiallyhe recentlaw 413/2014 on the'Production of electricity

from renewable energy sourcesogeneration andvasté' and their implementing decrees

To support this assertioould besufficient to considethat as a resulbf these laws

1 in twelve months 1800 MW from cogeneration plants have been disposed, of which 600
MW in only one week

1 the categoryassociationgorecast in absence of sudden and effective measures, the risk of
losingwell overhalfolSp ai n’' s mWcapacity bya2015.6 G

9 today for half of the cogeneration plants stock there is no more economic viability and
there is the practical impossibility to revamp and refinance plants reaching 15 years of
operation.

Anyway here we try to identify themain barriers toward the operative feasibility and hence
the survival of cogeneration sector in Spain, connected with the above cited laws.

Reference is madt® a series ofrticles and statements the pressreporting theopinionsof
operators anccogeneratim associations.

Barrier 1 Lack of awareness

Evenif the measures condered in the lawscanfind their reason in the present economic crisis,

it seems evident the lack of awarendsam part of policy makersjot onlyabout the

cogeneration technology, but overall of the economic and environmental benefits involved. It is
also to be noted the lack ¢iimely advisory from part of energy agencies which should have
warned about the consequences of the proposed measures. Tthiofaawareness chapter,
constitutes a severe ideological and cultural barrier against cogeneratianhasproduced in

recent yearsa lot of erroneous prejudices against cogeneration.

Barrier 2: New regimen of remuneration

Accordinghe parameters tacalculate the remuneration, the whole remuneration reduction will

reach 470 mil €/year, to which are to be added
mil € in 2013, i mpacting on a wide range of in
jeopardizing their survival on the marké&this amount is calculated equivalent to 30% of overall
cogeneration plants income.

Barrier 3: Taxes

Spain raised taxes on all power generation by 7% while also reducing subsidies for renewable
energyand CHP plantdor eover the government i mposed a 2,
which is the primary fuel used by 90% of cogeneration plants, putting in practice at the same

level the gas price and the electricity pool price.
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Barrier 4: Bureaucracy

Two exemplary casesfer to the textof the norm regardingnew plant settlement thatoccupies
1761 pageshe norm regardinghie remuneration calculation reféngto standard plant
typologies based on variables as technology, power, starting year of operation, fuel amd othe
technical featuresdentifies548types ofstandard plantonly for cogeneration.

Barrier 5: Overcapacity
Overcapacity is an old problem caused by a series of naidated controversial policies, now
worsened by the powerful entry on the market of RES and the almost contemporary decrease of

industrial useful heat.
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2. What is possible? Cogeneratigotential and market opportunities

The cogeneration potentials calculated in 2008 will not be realized not even in the worst
scenario due to the sudden change occurred in the economy and the policy after that date.
The untapped potential still partially meain in the plants that have no yet shut down |or
reduced their operations until the moment a neat trend reversal will prevail in a stabilized|legal
framework.

2.1.Potentials and market opportunities

The analysis of cogeneration potential sets as importanultethe fact that there is a large

potential market for this technology, which is estimated at 24.606 MWe in 2020 as regards
cogeneration plants contributing useful heat, and 2.68%/e for cogeneration systems relating

to waste treatment and recovery.

Of the total technical potentialfor2020 14.903 MWe come from industrial sector and oil

refining, while another 9.70BIwe are attributed to domestic and commercial applications.

Regarding the present untapped potential the sectors presenting the greatesialzlea

potential are the tertiary with more than 97% availability and the waste treatment and recovery

with more than 80% of potential yet to be realized.

Currently the number of installed cogeneration plants that provide useful heat is 5.800 MWe,

with adegree of penetration over the potential of 33.6%, i.e.66.4% of cogeneration potential is

still available. Moreover the maximum renewal potential till 2020 of the actual cogeneration

park is an additional 1.652 MWe in front of the installed power in 2004.

Regarding the future development of installed capacity, this analysis presents two development

paths: the first based on maintaining of the penetration level of the sector, while the second is

based on increasing the penetration degree due to policiesulsgs favouring cogeneration.

Any intermediate scenario between them is feasible.

The Figures here represented show the consider
and alternatively to an “opti mi stionappligatdns ci es |
providing useful heat and cogeneration applications for waste treatment and recovery.
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As can be seen thealues of installed capacity in 202@®uld range between 8.831 and 9.936
MWe for cogeneration producing useful heat, and 68&d 2.317 for waste treatment
cogeneration.

The scenario “optimistic policies cbgenemtiof pl ans
plant in 2012 of 9.579MWe, so exceeding the target of the Energy Efficiency Strategy in Spain in
its Action Plar20052007 which marks the achievement of 9.215 MWe in 2012.

Finally reference is to be done to the potential for the developmeihhew applications and
technologies such as the District Heating and Cooling and ?Mageneration thatcan
contribute for an amounts of about 300MWand55MW respectively.

Unfortunately no other forecast study or data collection about CHP potentialaim $jps been
carried out after 2008, so these calculations remain purely theory and likely are going to
realized in the foreseen times.

The untapped potential stilpartially remain in the plants that have no yet shut down or
reduced their operations uritthe moment a neat trend reversal will prevail in a stabilized legal
framework

At present no actual cogeneration potentifigure nor schedule could be proposed,
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3. How do we arrive thereThe Roadmap

The present situation of cogeneration in Spain calisve all for immediate measus¢o stop
decline of generation, give impulse to modernization of aged plants and to commission new
plantsthanks to a trend reversal, initiated by the policy according the opportunity offered by

EED, that shall facilitateew investments.

3.1.General Introduction

Thenew regulatory framework focogeneration irSpainis determinedprimarily onthe recent
Law 24/2013 regardingthe ElectricitySector together with its decree and ministerial order,
fixing the retribution parametes for each type facility established by the Minist{gbout 2.000
facility typesdepending on the yeartechnology fuels,andother parameters.

The Law24/2013is based onhe principle that "he remunerationof energy produced from
renewables cogeneration andvaste isbased on theimecessary participation to the market,
supplementingthe income from the market with a specifiegulated remuneration allowing
thesetechnologiesto compete with othertechnologies present in the markethis addiional
specific remuneratiorshould besufficient to achievehe requiredminimum level tocover the
costs that cannot be recoved from the market unlikeconventional technologiesand to allow
them to achieve a reasonable returwith reference toeach installation standard, where
applicable’

The impactof the reform oncogeneration(beyond new energyaxessince2012) constitutesa
reductionin its total compensationof nearly€ 1.000mio. per year i.e.a decrease 080% of
total remunerationfor the productionand historicalsalesof the sector of which13%would be
attributable to new taxes applied toits electric generationand fuelsand 17%to the new
frameworkcompared topreviouslyexistingone.

Continuing thigemuneration level more than 50% ofogeneration capacitis atrisk closing in
the next 23 years.In the first 5 monthsof 2014 has seen a decline 080% of electricity
productionfrom cogenerationcomparedto the previous year.

However, there arestill some impendingiorms concerning thelevelopment of the sector as
the regulation of the sel€onsumption, the regulation of the system operatoservices
consideringthe cogeneration plants participatiorthe new electrictolls, the review of fuel
pricesmethodologyapplicable to cogenerationthe renovation plarfor cogeneration plantand
possibleadjustmentsin energytax framework where effects are still to be assessed.

3.2.Proposals

If the Spanislgovernment intends tgromote cogenerationn line withthe guidelines seby
the Europearpolicyas stated in Bergy Efficiency Directive, the following points should be
adequately pursued and developed:

Action 1

Establish specific regulation for cogenerated heat and power, that permit to differentiate the
cogeneration unique fatures in terms of costs, efficiency and benefits compared to renewable
energy sources

Action 2

Issue immediate measures stopping tiking of CHP plants at least at the reached level,
whichever it is, and follow a policy to save the plant production before the closure determine
irreversible conditions both from the technical, market and labour point of view
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Action 3
Review theeemuneration plarto allow economic viable operations and favor new investments

Action4

Review the costs dlielsapplicable to the calculatioof the remuneration of cogeneration
operations alsotogether with the development oecondary markets a@jas,in order to
establish effectiverelationshipbetween theelectricity and gamarketsandcogeneration
operations

Action5

Put in use, as foreseen but not applied, a mechanism based on Energy Efficiency titles as they
have already demonstrated, ongeoperly tuned, to be rapid and effective tool for launching an
asphyctic marketMeasures o energy saved andCO2emission reduction can also be
implemented to reduce taxation and procedural measures to favor new cogeneration plants or
revamping actias.

Action 6

Regulate the energy setbnsumption in order to recognizbe advantages brought by this
practice in reducingpsses imetworks, assuring security stipply and increasingnergy
efficiency

Action7
Establish a renovatioplan forcogeneration plantin order to favornew investmenin the
sector, giventhat over 70 ofthe plants reachedl5 yearof operation.

Action7

The nextenergy efficiencyplansmustaccount for andjive visibility toprimaryenergy savings
provided bydifferent technologies anefficiency measuresiot limiting tofinal energysavings
measurers, if cogeneration together with connected industrial and services sectors are to be
maintained and supported.

Action 8

Given thehigh volatilityof electricity and fiel marketsand the highdegree of integration of
non-programmablerenewablesources, especially fohe Spanish system showindoav degree
of energyinterconnection withEurope it is necessary fatogeneratiornto incorporatefurther
criteriaof flexibility andopportunity in its operationin order toeconomicallyoptimize incomes
while contributing with its undeniable advantag@sthe economy of the country.

Action9

Introduce measures to favor a better understandindehefits of cogeneratiom order to
increase awareness ehergy policy makersas well as of all other stakeholders categories,
giving a strong impulse to thategrationwith other nationaland European policieggarding
internal market energyenergy efficiency, climate chge and'industrial renaissancé
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3.3.Saving of primary energy and CO2 emissions by CHP roadmap

Primary energy saving (PES) and @@issions saving projections resulting from increased use
of CHP require assumptions about not just what types of fuel and technology are displaced, but
also their operation on the market. Within CODE2 two approaches are developed, which
represent two dfferent analytic considerations which are summarised here and more fully
explored in Annexe 4.

1) Methodology according to Annexes | and Il of the EHDis method is used at a member
state level today for national reporting to the European Commissiah a@nproject level for
determining if a specific CHP plant is highly efficient. In the methodology, the efficiency of each
cogeneration unit is derived by comparing its actual operating performance data with the best
available technology for separate prattion of heat and electricity on the same fuel in the
market in the year of construction of the cogeneration unit using harmonized reference values
which are determined by fuel type and year of construction.

2) Substitution method This method has been deloped within the project and estimates the
amounts of electricity, heat and fuel which are actually replaced by additional new CHP based
on a projection of the supply base changes in the member state supply over the period are
calculated. The situatiomi2030 is compared to the current status.

Accordingboth methodolodges PES irspainimplementing the roadmap for CHP is estimated at
3-4 TWh per year corresponding teearly 0,2%0 and CO2 emission reduction is estimaged
Million tons per year in 2030. The actual savimgctically null is due to the lack of upgrading
and renovation intervention, because of the blocking phase presently suffered by cogeneration
in Spain. To be noted that Eurostat data,which the models e based, are not yet recorded

the strong capacity drops due to plants shutdown occurred in 28113 policy objectivesand
actions

Table 6: Saving of primary energy ang &€ording EED methodology

Total CO2 reduction, Mio. t/a )
Share in total enegy-related CO2 emissions 0%
Share in energy sector CO2 emissions 1%
Primary Energy Saving, TWh/a -3
Decrease of PE, % 0%
Bio Energy Share in CHP Fuels 2030 15%
Share of modernised and replaced CHP plants in CHP power growth up to 203 73%

Table7: Saving of primary energy and £H@cordingSubstitution mixmethodology

Total CO2 reduction, Mio. t/a )
Share in total energyelated CO2 emissions 1%
Share in energy sector CO2 emissions 1%
Primary Energy Saving, TWh/a -4
Decrease of PE, % 0%
Bio Energy Share in CHP Fuels 2030 15%
Share of modernised and replaced CHP plants in CHP power growth up to 203 84%
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5 Sources and contacts

- CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE



Annex 1:Stak

eholder group awareness assessment

Installers

Market and supply chain

1 - Poor
2 Low
3 Early awareness
4 Interest
5 B Active market
Group Comment
Customers
Indust CHP in Spain is mainly based on applications in Industry, wahgshtains its
Y interest despite crisis and adverse legal frame
Utilities The main electricity utilities are ignoring or even oppose
Commercial | Despite the potential, awareness isesrly stage

Installers and maintenance companies generally informed but are not
exclusively connected to CHP applications

Grid operators

Qufficiently informed,suffer of the sector blockage

Englnee'rlng There is enough knowledge and experience
companies
Architects Low interestat the moment

Policy
The governmenseems not to acknowledgée benefits and the status of

National cogeneration Despite declarations assuring the maintenance of the installed
stock, the issued measures are contradicting

Regional Norelevantknowledge nor interest

Local Norelevantknowledge nor interest

Urban &

Regional Norelevantknowledge nor interesin district heating

planners

CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE



Influencers

General public| General pblic does not know cogeneration

There are research centres not specifically focused on CHP
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Annex2: Micro-CHPpotential assessment

micro-CHP potential
e - itk
Spain ’ -

Country statistics

Population: &6 030/000 (2010}
Number of houssholds: 17 050 000 {2010}
GDP per capita: € 24 700 (2010)
Primary energy use: 90 600 ktoeyear [ 2000)
GHE-emissions: 356 Muon OO, fyesr (2010)

Household systems (1 kiWe) SME & Collective systems [+40 kWe)
Boiler replacement technology Boiler add-on techmology

Present market [2013) Pres=nt marke=t [2013)
Boiler stock: B 370 000 units Boiler stock: 1 490 000 units
Boiler sales: SO0 000 units/year Boiler sales: 142 D00 unitsyear

I Potential estimation Potentiol estimation

INTELLIDERT

3
3
AWArEnEss a Awmrensss a
Purchasing power 1 Total 4 outal 9
Totsl Towtof 12

Expected finml market share: 37% of boiler mles in Household sector  Expected final market share: 19% of boiler sales in SME & Coll. sector

I Sales in 2000 4 500 unitsfyear® Sales in 2000: 650 units/year®
Sales i 2030: 276 000 units)ye=ar® Sales in 2050: 16 900 units/penr™

[P — [P ——

. — -_ e T ——
o I
|
T Seock in 2020: 9 100 unis® Stock in 2020 £ 300 units®
Stock in 20340 1 300 000 units" Stodk in 2030: 69 B0O wnits*
Stock in 20440: 2 900 DD units* Stock in 20440 225 D00 wnits®
Primary =nergy savings: Primary snergy ssvings:
27 Plfypear® 58 Plyear
650 ktoefyear® 1 360 ktoejyear®
‘“: m'm'“mﬁlm' e '“: m‘ '_‘Em' n:
1.3 Mton COy . fiyear® 1.E Mton CO, fyear®

The s0i0 respovsibvity of the cortant of bhis foct shoet fies with the owthovs. IE does mot rennesent b opvion of the Cormmurty. The European Commission i pot
responribia for ony use thet oy he moda af the information contoinad bearein.
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miCI'O-CHP score card INTELLIGENT

ENERGY
EUROPE

Argumentation ,

The score card is used to assess the relative position of an EU country based on current regulations, markets and
economics. The score itself functions as input to the implementation model to 2030.

+1 kWe systems (Households) +40 kWe systems (SME & Collective systems)

Boiler replacement technology Boiler add-on technology

Scorecard Scorecard

Indicator Score

Indicator Score

Global CBA 3 Global CBA
Legislation/support 3 Legislation/support 3
Awareness 0 Awareness 1
Purchasing power 2 Total 6outof9
Total Soutofl2
Market alternatives Market alternatives
SPOT: 5 years SPOT: 7 years
Legislation/support Legislation/support
Current legislation is favourable to CHP in general and particularly Current legislation is favourable to CHP in general and particularly
to mCHP in case HEmCHP. The application norms are cumbersome to mCHP in case HEmCHP. The application norms are cumbersome
especially for households, treated as bigger ones. for small installation for households, treated as bigger ones.
In any case FiT, WC and tax incentives are foreseen. In any case FiT, WC and tax incentives are foreseen.

Awareness Awareness

Very low awareness as regards households. Consultants, architects and
installers are mainly proposing alternative technologies that don’t Low awareness, supported mainly by ESCO’s and manufacturers
include cogeneration

GDP: € 25 100 per year
T ————————————————
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Annex3: Bio-energy CHP potential assessment

In the context of the CODEZ2 project, a potential analysis feClbi® was elaborated for the EU

27 countries in aggregate and pmember state.

The national bieCHP potential analysis is based on figures from the PRIMES database, Eurostat,
the National Renewable Energy Action Plan (NREAP), and the project Biomass Futures. The
analysis has been discussed and, where necessary, refirceohsultations with national energy
experts.

The complete EA27 analysis is found at
http://www.code2-project.eu/wp-content/uploads/CODED2.6Europeanreport-on-potential-
of-bio-energyCHP.pdf

@,) ,:-2 Bio-energyCHPpotential analysis

EUROPE

Spain

 Figureg(projections)

Final heademand fromCHPandDH
(PRIMESEA) ktoe 2.266 4.277 5.418

(Projectedheatdemand frombio-energy
CHPand DH(after scorecard),ktoe 8 218 364

Bio-energypenetration ratein CHP markets
(2009:EEAFurostat) 0,3%(2009) 5,1% 6,7%

Biomassavailability,shareheating(sust.,
costeff.), final energy (BiomFutures) ktoe 11.049 10.237

Bio-energyCHPpotential analysisSpain

12.00C —e— FinalHeatDemandfrom CHP&

DH(PRIMESEA
10.00¢ e ( FA)

—— Nationaltargetsbiomassfor

5.00¢ heating (NREAP)
6.00C —A
—— Projectedheat demandfrom bio-
4.00C - energyCHP
2.00C —— Projectedheat demandfrom bio-

energyCHP(after scorecard)

0 ,_'_—éf — |
201C  201F  202C 2025  203¢ —* Biomassavailability,share
heating(sust.,costeff.), final

energy
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FrameworkAssessmen{Scorecard)

Shortanalysis

Legislation and incentivese the key
point to ensureanyfuture

Legislativeenvironment + +3(0of3) development,ascanbe sawn in the
history in spain fochp andeerr
development.

Suitabilityof heatmarketfor switch tobio-

energyCHP * 2(of3) Justasmall portionof heatdemand is
supplied byDHIn Spain (mainty

Shareof Citizensservedby DH 0 1(of3) becausehe low heatdemandfor
householdsasa southeuropean
country)

Nationalsupplychain for biomassor energy + 2(of3) Not expensivebiomass
It issoimportant is Spainto educate

Awarenessor DHand CHP + 2(of3) communityon how goodisbio-chp.

Somecampaignare beingdeveloped
by the government
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Annex4: Methodologies used to calculate the saving of primagyergy
and CO2 emissions

EED method

The Primary Energy Savings methodology of the EED is used at a country level for national
reporting to the Commission, and at project level for determining if CHP is highly efficient. In the
methodology, each cogeneration unit is compared with the beshnetogy for separate
production of heat and electricity on the same fuel on the market in the year of construction of
the cogeneration unit and the harmonized reference values are determined by fuel type and
year of construction.

The underlying principlés that, knowing that regularly new investments have to be made in
new energy production units, it is necessary to compare CHP with the centralized production
installation which could be built using the same fuel rather than assuming a displacement of a
different fuel or introduction of a new fuel. It is a logical approach when looking at the decision
making process of investors or a member state government. By investing in or supporting CHP, a
certain electricity generating capacity will be produced byPCihd NOT by centralized
production based on the same fuel (= principle
For the timeframe of the roadmap (between 2010 and 2030), and especially in countries where
there is no overcapacity, it is relevant to compare installiogréain capacity (at national level)

of CHP compared to installing new capacity with another technology (power plant + gas boiler).
Older installations being replaced with stad&éthe-art technology.is a typical reinvestment
decision. New CHBlant (or @mbination of smaller installations) would not necessarily lead to
less production in older production installations, but would rather preempt investments in e.g.
new CCGT investments.

Substitution method

This method has been developed in the COPpERect. In doing this, two other approaches
have been considered: 1y them tapl Muamermt FrhiEx
however cannot be used directly for a long term comparison as needed in CODEZ2; 2) a method
used to calculate the GBaving resulting from a voluntary commitment of the German industry

for CQ reductiorf, however this method has been considered as too simple. Therefor the
following more differentiated approach has been developed:

Based on an estimate of the increase igeoneration electricity the thereby caused decrease of
CQ emissions and primary energy consumption is estimated. In this approach, an attempt is
made to determine the actual quantities saved compared to the base year (e.g. 2010). Hence it
refers to the aaial saving of fuels for the production of the amounts substituted by modern
CHP plants

a) of electricity and heat in the replaced or retrofitted old CHP plants

b) of electricity in power plants

c) of heat in boilers.

The savings result from a combinatiofthree effects:

- CHP effect

- Technology effect (improved CHP technologies)

- Fuel switching (e.g. lower carbon content of natural gas compared to coaheC®ality of
bioenergy)

110.  FfE Forschungsstelle fiir Energiewirtschaft e.V., Energiezukunft 2050; http://www.ffe.de/die
themen/erzeugungund-markt/257

The calculation has been made by the Vitband der Industriellen Energiend Kraftwirtschaft e.V.
2010,Unpublished
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The results show the savings actually induced by the expansion of @hipared to the
situation in the base year.

This approach differs fundamentally from the methods for checking the -dfigtiency
according to the CHP Directive or in accordance with ANNEX Il of the EED (Directive 2012/27/EU
on energy efficiency), in which comparison between CHP and the best available Technology
(BAT) of separate production of electricity and heat produced is carried out strictly on a same
fuel basis.

This procedure is considered to be inappropriate to deliver an estimate of theldckel

saving quantities by CHP over a longer period, which is considered relevant value, representing
meaningful the contribution of CHP to the Ietegm objectives of the EU to reduce £0O
emissions and primary energy consumption. The BAT approadiedEilP Directive has been
developed to verify the high efficiency of individual plants, but not to determine actual saved
CQ emissions and primary energy quantities by CHP expansion.

In fact, the CHP expansion is closely associated with a replacemelat lof oew cogeneration
technologies and a change in the structure of fuel away from coal to natural gas aaddiyy.

These three developments,

- replacement of separate generation by cogeneration

- replacement of old by new cogeneration technologies

- replacement of carbomich by lowcarbon fuels,

can be usefully seen only as an integrated process.

To account for the uncertainties in particular with regard to fuel shares and technology
development, a window of possible developments with an upper vaha a lower value of
emission reduction and savings has been determined. The different levels of results are due to
assumptions about key parameters such as current share of electricity from cogeneration, which
is replaced by electricity from new or retrttéd units, fuel shares in the replaced CHP plants,
power plants and boilers as well as in the new CHP plants.

The results have been calculated based on the following input values: growth of CHP power
production, share of current old CHP to be replacechbw installations and retrofitting, fuel
efficiency and electric efficiency of new CHP and replaced CHP for different fuels, electric
efficiency of replaced power from conventional power plants for different fuels, heat efficiency
of replaced heat from btérs, corresponding fuel shares.
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Annex5: Sources

1 OOGENEspafiawww.cogenspain.org

1 ACOGEMsociacién Espafiola de Cogeneracion - www.acogen.org

9 Ministerio de IndustriaTurismo y Comercio (MITY@ww.mityc.es

1 Ministerio de Medio Ambiente y Medio Rural y Marino (MARMyw.marm.es

1 Comision Nacional de Energia (CME)w.che.es

1 Red Eléctrica de Espana (REE.ree.es

1 IDAE Instituto para la diversificacion y ahorro de la Enengiaw.idae.es

1 UNESAAsociacién Espafiola de la Industria Eléctrigavw.unesa.es

1 AESA Asesoria Energéticawww.aesa.net

1 ADHAC Asociacion de Empresas de Redes de Calor y #rigv.adhac.es

1 Eleconomista engia - www.eleconomista.es

1 COGEN EspaffaTen errors that can kil cogenerat.i
cincodias.com/cincodias/2014/05/30/economia/1401459584 341830.html

1 Laenergia en Espafa 2011

http://fide.es/newsletter/20132810/pdfs/energ%C3%ADa/Enerdigpana 2011 WEB.
pdf
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