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Abstract

To ensure implementation of requirements of EU @ive 2006/32/EC on energy end-
use efficiency and energy services in Latvia Fstional Energy Efficiency Action
Plan (EEAP) 2008 — 2010 is approved where the goalstablished to reduce energy
consumption by 3483 GWh by 2016. The greatest gsangngs 77% or 2701 GWh are
planned in the residential sector as it is the ma&oergy end user in the country. The
largest part of it is multifamily buildings with ey flat owned by individual owner.
Although Latvia has huge building energy efficiepogential former policies are not
noticeably facilitating its use — an increase ofmhber of renovated buildings is
insignificant — only 100 of more than 30 000 apaetrn buildings are completely
renovated. It indicates that energy efficiency mees have to be reviewed in wider
socioeconomic context considering that inhabitamstivation is impacted not only by
rational reasons but also by combination of comgesioeconomic factors.

In order to understand how building renovation pees is affected by different energy
efficiency policies a system dynamics model wa®ldeed. With the help of the
developed model it was possible to determine whétleegoals set in the First National
Energy Efficiency Action Plan are achievable.
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1. Introduction

World energy demand is continually increasing —ralfeconsumption of primary
energy has increased nearly three times in the4dagears from 3813 Mdin 1965 to
11 164 M ¢ein 2009. It is predicted that this will increasg49% by 2035 (DOE/EIA,



2010). Carbon dioxide emissions have increasedautily along with the growth in
energy consumption, thus creating negative effett cimate change. The UN
Framework Convention on Climate Change and the @ation’s Kyoto Protocol on the
reduction of greenhouse gas emissions was adoptestitice the negative outcome of
energy consumption and the effect on climate chambe EU and its member states
ratified the Kyoto Protocol on May 31, 2002, ancaime into effect on February 16,
2005. From 2008 to 2012, countries ratifying theotGyProtocol are required to jointly
reduce greenhouse gas emissions by an average%f Wwhen compared to 1990.
European Union countries must reduce these emsbip8%.

The Council of Europe has agreed that developedtdea should set an example by
reducing greenhouse gas emissions by 15-30% by. Z0@20European Parliament has
suggested that G@missions in the EU should be reduced by 30% by 20@l by 60—
80% by 2050. In addition, the authors of the Four#port of the Intergovernmental
Panel on Climate Change emphasize that a drasticctien in GHG emissions must
take place within 10-25 years to significantly sldewn the increase in the world’s
average temperature.

A reduction in energy consumption and the introauncof energy efficiency measures
Is the most significant investment towards #nission reductions, with the European
Union making this one of its main priorities. Ditwe 2002/91/EC on the energy
performance of buildings was adopted to regulaitdimg energy efficiency issues in
the European Union. The main goal of the Directs/éo promote the improvement of
the energy performance of buildings within the Camity, taking into account outdoor
climatic and local conditions, as well as indooimelte requirements and cost-
effectiveness. The second most important EuropearonJdirective is Directive
2006/32/EC on energy end-use efficiency and ensegyices, which states that each
member state must reduce its end energy consumptio®% by 2016, against the
baseline year. This must be done in accordance amtaction plan to be developed by
each member state and must be coordinated witkuhgpean Commission. A variety
of energy efficiency policy measures to help achithis goal may be included in this
plan.

In this paper we propose a system dynamics modaesenting building energy

efficiency policy in Latvia in order to simulatecevaluate policy measures included in
Latvia’s First Energy Efficiency Action Plan and évaluate the impact of the policy
tools not included in Latvia’'s First Energy Effioiey Action Plan on the energy

efficiency process.

2. Problem description and purpose of the study

A number of policy documents establish energy &fficy policy in Latvia. The
Latvia’s Guidelines for Energy Sector Developme@®02-2016 prescribe that the
average specific heat energy consumption in bugklimust be reduced from 220-250
KWh/n? per year to 195 kWh/mper year by 2016. Average specific heat energy
consumption of 150 kWh/fper year must also be reached by 2020.



Law on Energy Efficiency implies the requirementsDorective 2002/91/EC on the

energy performance of buildings that was adoptaedgalate building energy efficiency
issues in the European Union. The main goal of Diective is to promote the

improvement of the energy performance of buildinghin the Community, taking into

account outdoor climatic and local conditions, adlwas indoor climate requirements
and cost-effectiveness.

One of the most important planning documents fgorowing energy efficiency is the
Latvia's First Energy Efficiency Action Plan 200840, which was adopted to ensure
the implementation of the European Union’s DireetR006/32/EC on energy end-use
efficiency and energy services. The goal of théagblan is to reduce end use energy
consumption by 3483 GWh by 2016, without takingpiatcount climate corrections.
The goal of Latvia’s First Energy Efficiency Actidtian is shown by year, in Figure 1.
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Figure 1.National energy end-use and planned cumulativeggrsavings

The greatest energy savings — 77% or 2701 GWh plamnmed in the residential sector.
This reduction in household energy use is basetthemiact that the residential sector is
currently the greatest end energy consumer in &abonsuming approximately 40% of
overall energy end-use in the country. In 2009altbbusing area in Latvia reached
61.1 million nf and the major part of it is comprised of multi-fgmbuildings built
during Soviet period (1945-1990).
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Figure 2.Multi-apartment buildings built during the Sovpdriod consume the
most heating energy in Latvia’s residential sector



Table 1 shows planned energy efficiency policy mmessin Latvia’s residential sector,
the results expected, and their planned implementaieriod. The total energy savings
planned in the residential sector from 2008 to 21318701 GWh, whereas 52 GWh is
planned for the intermediate period from 2008 td®0

Table 1: Energy efficiency measures in the resideséctor

No. Measures Expected energy Term
saving by 2016
(GWh)

1. Energy audits in buildings and building energy * 2005-2016
certification

2. Subsidies for energy efficiency measures inimul: 1900 2007-2016
apartment buildings: 110 million EUR

3. Subsidies for energy efficiency measures inipub! 570 2007-2016
buildings

4, Information of energy consumers * 2006-2016

5. Development of secondary legislation in * 2008-2016
accordance with Directive 2002/91/EC
Total 2701*

* — the expected energy savings from informatissdimination activities and the development of
legislation documents are stated for the sectarwlole. The savings are calculated based on tmbeiu
of participants involved in the campaign and arl@tion of the influence of the measures undertaken
the sector compared to a base scenario where nsunesaare undertaken. To evaluate the influence of
the measures, indicators from the sector are tesbd.

Up till now only one combined action policy and rieediscourse analysis has been
undertaken in Latvia, namely, the ‘Latvian modeld aaction plan for the use of
renewable energy resources and improvement of gregfigiency’ (VASSI, 2009). It
was concluded that up till now policy on energyadicy in the residential sector has,
to a great degree, been based on the basic aseantimit this policy goal was equally
important to the community and that the low papition and interest shown by the
community was related to the lack of legislatiopart and information of a technical
nature.

Even though the potential for insulating buildiragsl introducing other building energy
efficiency measures in Latvia is great, up till ndhis has not been noticeably
encouraged by policy. Subsidies from the Europeagidhal Development Fund and
from the state budget in amount of 63 million EURswallocated in 2009 for the
implementation of activities to increase buildingeayy efficiency for multi-apartment
buildings but it has had minor effect on implemépota process. Although apartment
owners can benefit from implementation of energfjciehcy measures, growth in
building energy efficiency has been negligible. cginthe introduction of energy
efficiency policy of more than 30,000 multi-apartmebuildings, only about 100
buildings have been made fully energy efficientisTimust be increased, because such
an increase will significantly reduce the effeceokrgy on the environment and climate
change.



The majority of energy efficiency measures in restthl buildings are related to
improving the thermal insulation of the buildingsvelope, and henceforth in the text
these measures will be referred to as buildinglatsun.

3. Reference mode

The energy efficiency process for multi-apartmeunidings in Latvia up till now has

taken place very slowly, and significant changesrdime are not noticeable. This is
why a representation of hypothesis about possiblitgem or hypothetical problem
behavior is used to define the reference mode (RR2A9). The selected time period for
the model is 70 years (from 2010 to 2080). The quetbefore 2010 is not being
reviewed because changes in the multi-apartmendibgi energy efficiency process
have been minor. It has been assumed that 70 igearsufficiently long period to be

able to evaluate delays and the effect of the paiged.

Figure 3 shows a number of hypothetical multi-aparit building energy efficiency
scenarios to be used in the model as base scepanefgrence mode.

1) The first scenario (pessimistic scenario) envisatiped building insulation
process will continue very slowly and that the etiéel building area will
increase a little each year until it reaches atontillion m? in 2080. Such a
scenario could develop if no activities are undetato encourage the
development of the market.

2) The second scenario (moderate scenario) envisdgdstiie market will
develop as an S-shape. In the initial phase itdaellelop slowly, but over time
it will speed up until it reaches 60 million?nn 2050. This scenario could
develop if there is intervention in the market wiikt a few policy measures.

3) The third scenario (optimistic scenario) envisathed building insulation will
grow as an S-shape, taking place relatively quickihd reaching market
saturation — 60 million m2 — around 2030, as aetgrof policy measures will
foster the development of the market.
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Figure 3.Base scenarios of reference mode describing thethgtical development of
multi-apartment building insulation processes



4. Model description

4.1. Dynamic hypothesis

The building energy efficiency improvement procéssechnology diffusion in the
market (Sterman, 2000). Technology spreads in tagkeh along an S-shaped curve.
The structure that creates the S-shaped growth denabination of reinforcing and
balancing feedback loops with the shift of loop dwence as one of stocks is depleted.

4.2. Main stocks and flows

The main stocks are uninsulated buildings’)(rand insulated buildings @ The
insulated buildings are increased by the rate culation while the uninsulated
buildings are decreased by it. Rate of insulatiepeshds on a number of parameters:

Awareness — this parameter creates a reinforciog ke as the number of
insulated buildings increases, the frequency oftaminbetween insulated and
uninsulated building residents grows, as does tamber of residents of
uninsulated buildings who accept the idea of iniakg energy efficiency
measures in their buildings.

Net benefit — this is each individual’'s benefitrfrduilding insulation, which is
made up of the difference between energy costsrdefsulation and energy
costs after insulation, minus investment in thelddg’s insulation. This
parameter forms the other reinforcing loop — thaamasulated buildings and
the lower the insulation costs and also the higherquality of the insulation
work, the more buildings will get insulated.

Uncertainty costs — in reality, the maximum of teically feasible net benefits
are often not reached, since many barriers exigthwsubstantially reduce the
net benefits. For example, the energy consump@daation is noticeably lower
than calculated because the quality of the construavorks is very low; the
actual costs of the energy efficiency measuresesktiee estimated costs; time is
wasted in overcoming administrative barriers relat the building insulation
process; time is wasted in convincing apartment esa/no agree on the
insulation of a building; time is wasted searchfogfunding etc. The more of
these factors there are, the greater the uncertensts. Uncertainty costs are an
expression in monetary terms of the existing begiie building insulation.

Figure 4 shows energy costs before energy effigieneasures and costs after energy
efficiency measures. These are made up of the $uenevgy costs after the building’s
insulation, investments, and uncertainty costs. &grerson to choose to insulate a
building, the costs before the energy efficiencyasuges must be larger than or equal
with the costs after the introduction of the measulf the costs after the introduction of
the measures are greater than the costs beforethtaduilding most likely will not get
insulated.



Energy costs Investments Uncertainty costs
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Before building insulation After building insulation
Figure 4.Costs before and after insulation

The net benefits are of varying size, because dineydependent on a variety of factors
which change over time: energy tariffs, outdoor andoor air temperatures and
insulation costs. A change in net benefits canegbdrceived by a person immediately;
rather, this takes time. For this reason an additistock is created in the system,
namely, "Perceived net benefits”. The rate of petioa is dependent on the perception
time. The time required for the perception and essng of information creates
information delay. Like net benefits, uncertaintysts are also perceived, processed,
and acted upon, which demands time, thus creatingfarmation delay in the system.
For this reason the fourth stock is called “Perediuncertainty costs”.

Figure 5 shows a system dynamics model for buil@hsglation process.
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Figure 5.System dynamics model for the building insulawocess



4.3. Causal loop diagram

The structure of the hypothetical system, whichtramsformed in the causal loop
diagram, can be seen in Figure 6, and it illustrabe main loops of the hypothetical
system’s structure.
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Figure 6.Causal loop diagram for the building energy eéfiy process

The causal loop diagram consists of three reinfigrédops and one balancing loop. The
most important parameter in these loops is theghtnsulation, that is, the decision to
start the insulation process. With an increaseh@ riumber of insulated buildings in
reinforcing loop P1 (net benefits loop), the netddds increase. An information delay
occurs because the time between the actual evehthenmoment when it has been
perceived by a person is often relatively longthi@ model this delay is portrayed in the
loop between net benefits and perceived net bendiitis delay can even last for many
years, and the possibility of some people compleighoring this information also
exists. With an increase in net benefits, perceinetbenefits also increase. With an
increase in perceived net benefits, the rate aflat®n increases. With an increase in
the rate of insulation, the number of insulateddings increases, although this happens
with a delay due to the time needed to perform megional work and building
insulation work (material delay). Many ignore tho®p and therefore the process goes
very slowly.

With an increase in the number of insulated buddinin reinforcing loop P2
(uncertainty costs loop), uncertainty costs de&ean information delay occurs
because the time between the actual event and @ahgent when it has been perceived
by a person's brain is often relatively long. la thodel this delay is pictured in the loop
between uncertainty costs and perceived uncertaogis. This delay can even last for
many years, and the possibility of some people detaly ignoring this information
also exists. With a decrease in uncertainty cos¢sceived uncertainty costs also
decrease. With a decrease in uncertainty costsatheof insulation increases. With an
increase in the rate of insulation, the numbemstilated buildings increase, although
this occurs with a delay (material delay).



With an increase in the number of insulated bugdim reinforcing loop P3 (“word of
mouth”, or, the information distribution loop), r@ent awareness increases. With an
increase in awareness, the rate of insulation asg® With an increase in building
insulation, the number of insulated buildings imses, albeit with a delay.

Balancing loop slows down all three reinforcingpgsowith a delay. With an increase in
the number of insulated buildings, the number ahsmated buildings decreases. As a
result, the rate of insulation decreases, becdiese tare now fewer buildings that need
energy efficiency measures. The number of uninedldtuildings is affected by the

overall number of buildings. This loop comes infzertion very late, only at the very

end of the diffusion process.

4.5. Simulation results and reference mode

Created system dynamics model for the building latgan process reproduces the
behavior of the base scenarios of reference mageRgure 7). The shape of insulated
buildings’ curve depends on ‘time to meet insulateddings’, ‘meetings per insulated

building area’, ‘time to finish insulation work’,nét benefits perception time’ and

‘uncertainty cost perception time’.
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4.6. Policy development

Various leverage point application methods are uf®dthe inclusion of policy
measures in the model: changing values of constamtectures of material stocks and
flows, rules of the system, information flow stnuet, and the strengthening of
reinforcing loops.

The causal loop diagram shown in Figure 8 is tlmesaausal loop diagram shown in
Figure 6, except that it is supplemented by varjpuigies described in different
sources (ADEME/IEEA, 2007; Omidvar, 2010; Liu et2010; Mulder, 2005). These
policies are used to change three values: to isereat benefits, to reduce uncertainty
costs, and to increase awareness and investmenergy efficiency measures.
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Figure 8.Causal loop diagram, supplemented by policies

Net benefits can be increased under these constition

* If energy use standards are developed — the miningpecific energy
consumption (KWh/f year) for the implementation of energy efficiency
measures in existing buildings is determined byslagon for various buildings,
e.g., new buildings. This is a way of ensuring teatrgy consumption is
reduced to the required level; it prevents the ipddg that the material or
technology used in building construction or enegfficiency measures provides
only a small reduction in energy consumption, thgreeducing potential net
benefits.

» If high quality energy audits are done — an enexgdit is the first step in the
introduction chain of energy efficiency measured #re subsequent process is
dependent on its quality. A badly done energy aymldvides misleading
information about the theoretically achievable i&thin in energy consumption
and the cost required to achieve this reductiore Twer the quality of the
energy audit, the smaller the net benefits. Theeefa national energy audit
quality control system must be developed. A nalideeel institution should
supervise energy auditors and their work and putiieke who do poor quality
work. Such a system has successfully functionddritand for many years.



If research and development is supported — thaspslicy measure that provides
benefits in the long term. The development of neshhologies and materials
leading to a greater reduction in energy consumgtian is provided by current
technologies will increase net benefits. A targatatonal program supporting
research and development is required for the iotdn of this policy tool.

If standard procurement documentation and conteaetsleveloped — the quality
of construction is one of the most important fastorfluencing net benefits.
This is directly dependent on the legal relatiopdetween the building owner
and the construction company. At the core of telatronship are the building
owner’s demands regarding the targeted energy agptsen reduction and the
quality of the construction works related to eneeffyciency measures. If this is
not included in the procurement documentatiors itary likely that net benefits
will be much lower than planned. To remove thisrilear standard procurement
and contract documentation must be developed atiamal level and made
available to every building owner.

If construction supervision is done — in Latviapexence in building insulation
shows that it is not possible to achieve the pldnsavings due to low
construction quality; the net benefits are lowentlthose technically possible.
This shows that the services of construction supers have either not been
used in the insulation process or they have bedéowofjuality. A system should
be developed to overcome these barriers and torenfiat the work of
construction supervisors is controlled. In otherdagp a national level institution
that supervises the work of construction supersgisord punishes those who do
poor quality work ought to be created.

If subsidies are introduced — this policy tool dthg influences net benefits: the
greater the subsidies, the greater the net benefits

If the tariff is increased — the energy tariff icieased through the introduction
of a CQ tax: the higher the tax, the more savings theee(dwe higher the net
benefits) after a building has been insulated.

A reduction of uncertainty costs reduces barriershie building energy efficiency
process that are related to people's distrust,imisibased on incorrect information or a
lack of information. Barriers can be reduced inesal/ways:

By conducting high quality energy audits — buildmgners, who in most cases
are not specialists in the field of energy efficgnrequire objective information
about what kinds of measures can be undertakemhatithe planned costs and
energy savings could be. For this reason energyitsayatoviding this
information are required. But for energy auditb&ocredible, they must be of a
high quality, and therefore a national system d@ngucontrol over the conduct
of energy audits, supervising energy auditors dredr twork, and punishing
those who do poor quality work must be created Saicheasure will reduce
uncertainty costs.

By increasing quality control on construction werlone of the main barriers to
the introduction of an energy efficiency project tiee risk of low quality
construction. Building owners are afraid to implemeenergy efficiency
measures because of the risk that energy consumwiib not be reduced as
planned and this in turn might affect the futu@aflof money and will impact
plans for paying off loans. The higher the risle thgher the uncertainty costs.



Therefore, measures to reduce this risk must bentak the national level, for
example, improvement of construction companies’ itooing by the creation of
an institutional and legislative base that can sssfully address this problem.
By raising the awareness level — an increase inathareness level reduces
uncertainty costs because the building energyieffay process is explained to
people. The benefits, risks, and other informatieguired by a building owner
to be able to decide whether to implement enerdicieficy measures is
provided.

By developing a one-stop shop — negotiating theedueratic hurdles in the
course of implementation of energy efficiency measus one of the barriers
that raises uncertainty costs. One of these huidldhe approval of project
documentation by local councils. Local councils|doget up a ‘one-stop shop’,
which would be a customer's only contact point wilibbcal council
representatives, thereby eliminating many of threseles.

By using the ‘champion effect’ — the ‘champion effeénvolves a popular and
influential person in the community providing a piee view about the
problem’s solution. The community then follows saihd uncertainty costs are
immediately reduced.

By using energy service company (ESCO) services ESCO signs a contract
for a defined period, investing its resources aubvering them from the saved
energy costs. Savings in uncertainty costs arecestito zero because the ESCO
eliminates all of the mentioned barriers. With tlee of ESCO the net benefits
are zero.

4.7. Overview of the model

The initial model structure described above has lmbanged, with its principal scheme
being shown in Figure 9.
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Figure 9.The altered principal scheme of the initial mostelicture



The stock of uninsulated buildings is divided itteo groups in the decision making
process: buildings insulated by energy service @mgs and buildings insulated by
construction companies.

Not all buildings insulated are successful projeatsl information about these as well
as information about successful projects entersrthket, where it is received by those
building owners who have not insulated their buitgi. This information influences the
value of uncertainty costs — the more unsuccegshjects, the higher the uncertainty
costs and the fewer buildings get insulated. Thierea delay in perceiving the
successfulness.When more projects then previougheoted are successful people
slowly adjust their perception to believe that theger fraction of projects will be
completed also in future. When, on the other hanadre projects are less successful
than previously expected than people quickly adjlusir perception to believe that the
smaller fraction of projects will be completedais future.

While the fraction of successful projects in theEbcase is simply related to learning
effect, based on completed projects, in constroctiompanies the success fraction is
also dependant on the prevalence of the experiecaegbanies versus inexperienced
companies. When there is a significant growth m tarket we can expect that many
inexperienced companies enter so as to cause dlogofr of successful projects to
decrease.

The rate of insulation is dependent on demand amglg for both energy service
companies and construction companies, but therditheeent factors affecting them.

Construction company supply is dependent on compapwgcity, but the supply by an
energy service company is dependent on operatiofgmation, net benefits, and
uncertainty costs. The scope of net benefits cartHamged by making changes to
tariffs, introducing a C@tax, funding research and development, raisingdstals and
normative requirements, and through the receipiunéling or subsidies. Uncertainty
costs can be reduced by the introduction of ‘og-shop’, the ‘champion effect’, and
the availability of standard procurement documenatinformation about unsuccessful
energy efficiency projects ends up with quality ttohinstitutions, which in turn take
action to improve construction company operatioms tnereby indirectly increase net
benefits and reduce uncertainty costs.

Regarding energy service companies, supply is dkgegnon company capacity and
available funding, but demand is dependent on coctsdbn company operations and
uncertainty costs.

Information campaigns can be used to begin andugage the recruitment process
(making people aware) and it is governed by thasulated buildings (area belonging
to uninformed people) and perceived successfulvlated area (that gives rise to word
of mouth effect).

The fundamental demand loop: when people are tedruwhich leads to demand,
increase capacity, more conversion from uninsulédedhsulated which leads to more



insulated, which leads to more recruitment. It #8abhced by two negative feedback
loops: first arising at early stages when capaisitgrowing very fast - the more you
demand, the more inexperienced companies entemd#riet, the more unsuccessful
projects, the smaller demand, the less inexperteromenpanies comes to market —
demand is dampened down. The second negative ®aolepletion of project source
which means that there will be fewer and fewer lesus insulate.

The more insulations are done, the more experiegnaggined. Consequently larger
fraction of projects is completed and moreover éh& less uncertainty in the
investments which favors the economic benefits tisaexpected from insulation
projects by the construction companies and thusases their market share (demand
for their services) and thus the project acceptaates eventually causing more area to
be insulated to the extent that there is buildiagacity. Capacity adjusts slowly to the
demand so that a significant gap may arise betwleemand and capacity (supply and
thus affect the price of insulation in the markef)ich again dampens the demand
through a negative feedback loop so to catch up eetmand.

Financing reduces the perceived costs causing ehgaad for insulation to increase.
The potential projects create demand and perceqivied comes in. If the price is high,
buildings are not insulated. When the price goewrgomore of potential projects
materialize in a form of demand.

5. Results

5.5. The current energy efficiency policy

The main measures of the current energy efficiggadicy in Latvia’'s residential sector
are as described in Table 1. In 2010, Latvia's gavent confirmed that the size of EU
structural funds available for multi-apartment Hinb insulation was around 63 million
EUR. In the evaluation of current policy, the othegasures are not taken into account
since their impact in the Latvia’s First Energy i&&#ncy Action Plan has not been
given (it has been determined for the sector abaey.

Using data from current situation, the result igufe 10 was obtained. A significant
increase in the rate of building insulation is peceed in approximately 2014 through the
use of energy efficiency policy measures. Aroun82@he rate of building insulation

tails off, because the available co-financing fr&bt structural funds for building

insulation will be exhausted, and the building iaon process will continue slowly.

As a result, buildings with a total area of 16.8liomi m?will be insulated by 2080.
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Figure 10.Insulation dynamics as a result of current eneff§jgiency policy

The parameters that directly influence changeseéniisulated area are the demand for
building insulation and the supply of building itesion, or, construction companies’
capacity.

Figure 11 shows the demand for building insulagod changes in supply if the policy
tools from the Latvia's First Energy Efficiency Aat Plan are used. Demand for
building insulation grows rapidly in the first fivgears and then tails off. This large
demand for building insulation can be explained tbg available co-financing for
building insulation. Building insulation co-finamg has been available in Latvia since
2009 and the trend of simulation results is simitathe trend of number of applications
submitted for project co-financing at the Investiremd Development Agency of Latvia
- the number of applications is smaller at the imeigig, but it gradually increases.
Construction companies’ capacity, or, supply oflding insulation, is unable to cope
with the large demand due to the delay and onlghes demand after eight years. The
fall in demand is related to the depletion of aafalié co-financing funds and the growth
in the insulated building area.
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Figure 11.Supply and demand rates for building insulatiothwiurrent energy
efficiency policy



Figure 12 illustrates situation if EU co-financingre not available (No. 2 in the chart).
In that case the building insulation process isvsbecause building insulation is not
stimulated. Similar trend of insulation processoisserved after the EU co-financing
funds are depleted (No. 1 in the chart).
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Figure 12.Building insulation dynamics with (No. 1) and wetlt (No. 2) EU co-
financing

The goal defined in the Latvia’s First Energy E#iucy Action Plan is a reduction of
energy use in the residential sector of 2701 GWh20%6. The simulated heating
energy consumption dynamics are illustrated in fFeglB. The figure shows that the
heating energy consumption used to heat all bigklin 2010 is 10,800 TWh per year,
but employing policy tools from the Latvia's FirEBinergy Efficiency Action Plan,
annual heating energy consumption in 2016 will Ber45 TWh. This amounts in 55
GWh of saved energy, which is only 2% of the plahsavings. The required reduction
in consumption using this policy could not evendmohieved by 2080. This leads to
conclusion that these are not the only policy messthat have to be used in energy
efficiency policy to achieve the planned goals atuia.
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Figure 13.Changes in heating energy consumption (MWh per)yea



5.6. Additional energy efficiency policy measures

This chapter describes the results obtained by lating different energy efficiency
tools identified in Chapter 4.5. All of them supplent the energy efficiency policy
included in the Latvia’s First Energy Efficiency than Plan.

‘One-stop shop’

The impact of ‘one stop-shop’ operation is evalddig changing the time necessary to
approve all the documents related to building iasoh process, which in turn affects
uncertainty costs. In modeling the ‘one-stop shtme, approval time is reduced (from
0.3 years to 0.1 year), consequently reducing tiaicgy costs.

Figure 14 shows that when the one-stop shop isrtheenergy efficiency policy (there
are no EU co-financing funds available), its impantthe insulation process is quite
negligible.
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Figure 14.The impact of a one-stop shop on insulated bugldirea if this was the only
energy efficiency policy — without (No. 1) and witNo. 2) a one-stop shop

However, if this policy is combined with EU co-fim@ng (see Figure 15), it influences
the insulation rate quite significantly. This ischase in a diffusion process it is
important to achieve as quick a rate as possiblgneninitial stage. After attaining a
certain number of participants (in this case, iagd buildings), the rate of the diffusion
process is determined by other factors, resultmgaisignificantly faster diffusion

process. The creation of a ‘one-stop shop’ has @ se@nificant impact on the

development of the building insulation process.
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Figure 15.Impact of a one-stop shop on insulated buildirggar without (No. 1) and
with (No. 2) a ‘one-stop shop’

CO, tax

To determine the impact of a G@ax on the insulation process, the @x values in
the model are changed and it is assumed that theaGs the same for all consumers
independently of the fuel used in a boiler.

Figure 16 shows the results obtained in a simulatian increase in the rate of building
insulation is achieved after the introduction af tBG tax.
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Figure 16.Impact of the introduction of a G@ax on the insulation process (No. 2) and
without it (No.1)

Energy efficiency standards and norms

By raising the minimum energy efficiency requirentsenf buildings, greater heating
energy savings are achieved and thereby the nefiteemcreases and the willingness
of residents to pay for building insulation is ieased. It is assumed that building
energy efficiency requirements are raised everyedls, and therefore average heating
energy consumption to heat buildings decreasesOtsWIh/nt per year each time. By
raising building energy efficiency standards oruiegments in this way, a faster
building insulation process is achieved (see Figufe The model shows no changes
taking place until 2020 because the minimum en&ffigiency requirements are not



being changed. The building insulation process dgil@ce significantly faster after
2020, when the minimum energy efficiency requiretaeme raised for the first time.
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Figure 17.Building insulation dynamics without (No.1) andtiv{No. 2) increased
minimum energy efficiency requirements of buildings

Research and development support

By increasing funding for research and developmeety energy saving technologies
are developed. If these new technologies are usddildings, energy consumption is
decreased thereby net benefits are increased. ©delns based on non-linear effect of
investments in research and development on enaxgygs. Initial value of investments
is assumed to be 1.3 million EUR. Figure 18 shdvessimulation results when funding
for research and development is increased in tridemo
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Figure 18.Building insulation dynamics without (No.1) andtkv{No.2) research and
development support

Standard procurement documentation and contracts

Standard procurement documentation and contraetsrag of tools that helps to reduce
uncertainty costs. It is assumed that standardupeotent and contract documentation
reduce uncertainty costs by 30%. Figure 19 showsréisult of the development of
standard procurement documentation and contracts.
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Figure 19.Building insulation dynamics without (No.1) andtv{No.2) publicly
available standard procurement documentation anttaxis

Information campaign

Information campaign is one of policy tools thatused to decrease uncertainty costs.
Information campaigns is used to begin and enceutlag recruitment process (making
people aware) and it is governed by the uninsuldteddings (area belonging to
uninformed people) and perceived successfully atedl area (that gives rise to word of
mouth effect). The results of implementation obmhation campaign at the beginning
of insulation process can be seen in Figure 20.

60 000 000
50 000 000~

40 000 0001

30 000 000~

Total_Insulated_Area

20 000 000~
2

T 1
2
1
2 z
10 000 000+ 2 ————T

1
0- /

2010 2020 2030 2040 2050 2060 2070 2080

Figure 20.Building insulation dynamics without (No.1) andtv{No.2) an information
campaign at the beginning of insulation process

Introduction of all policy measures

If all of the previously described and recommendsalicies are simultaneously
introduced, the fastest possible building insutapoocess is achieved. As the results of
this simulation show (see Figure 21) it is posstiolecomplete the implementation of
energy efficiency measures in all buildings in norser than 30 years.
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Figure 21.All energy efficiency policies (1- ‘one stop shpp'— CQ tax, 3 — increased
minimum energy efficiency requirements, 4 - reseantd development support, 5 -
standard procurement documentation and contraetsyf®rmation campaign, 7 —
combination of all policy tools, 8 — EU co-finangin

Can the predicted reduction in heating energy ampsion (2701 GWh) by 2016 in
Latvia’s First Energy Efficiency Action Plan be &ed by using all the policy
measures simultaneously? In 2010, all buildingingagnergy consumption was 10,800
TWh per year. By using all the previously descri@alicy tools simultaneously,
heating energy consumption in 2016 could be 10;PWh per year. This amounts to
only 583 GWh to be saved by 2016, which is 21.6%hef planned savings. Table 2
shows the impact of each individual energy efficienpolicy tool on energy
consumption in buildings in 2016 and the implemiataof Latvia’'s First Energy
Efficiency Action Plan.

Table 2: The impact of each energy efficiency poircbuildings by 2016

No. Energy efficiency policy Total building  Energy savings Fraction of
energy by 2016, GWh the First
consumption in  per year Energy
2016, GWh Efficiency

Action Plan’s
goal, %

1. Development of ‘one-stop 10 710 90.0 3.3%

shop’

2. Introduction of C@tax 10 713 86.9 3.2%

3. Increase in minimum energy 10 745 55.1 2.0%

efficiency requirements

4. Increase in research and 10 648 152.0 5.6 %

development support

5. Development of standard 10 706 93.3 3.5%

procurement documentation
and contracts
6. Introduction of information 10 732 68.1 2.5%




campaign

7. All energy efficiency policies 10 217 582.5 21.6 %
simultaneously
8. Only EU co-financing 10 745 55.1 2.0%

The required reduction in consumption using thisicgocould only be achieved by

approximately 2020. There are several reasonh&r First, it takes time to start up the
insulation process and there is not enough timeuefil 2016. Second, some other
policy tools should be added and simulated to aehilee planned goals.

6. Conclusions

System dynamics approach in the planning processnefgy efficiency policy is a
valuable tool. It helps to combine and evaluate ynamiables, feedback loops and non-
linear relationships that are part of any end uszgy efficiency market.

Developed model is a valuable tool to evaluate fandcast energy efficiency policy
and its specific tools, in particular in Latvia whdhe planning procedures of energy
efficiency policy are poor.

The end use energy efficiency goals that Latvi@gegnment has set cannot be reached
using policy tools that are planned in the Latvigisst Energy Efficiency Action Plan.
The plan has to be revised and supplemented witdrelt other policy tools.

The EU co-financing which is the main policy toded in the Latvia’s First Energy
Efficiency Action Plan is short term solution aresmo long term effect if used alone.

If additional energy efficiency policy tools to tHeatvia’'s First Energy Efficiency

Action Plan are used, only 21.6% of planned savicgys be reached by 2016. The
required reduction in consumption using this polgst could only be achieved by
approximately 2020. The main reasons for that drd¢akes time to start up the
insulation process and there is not enough tinteuletil 2016, and some other policy
tools should be added and simulated to achievpl#med goals.

The building insulation process is a diffusion @es therefore it is important to achieve
as quick an insulation rate as possible in thaaingtage. After attaining a certain
number of insulated buildings, the rate of theudifbn process is determined by other
factors, resulting in a significantly faster diffois process.
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