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1. PUBLISHABLE EXECUTIVE SUMMARY

This study will evaluate the industrial viabilityf ¢he technologies for commercial building retrifig.
Deeper analysis is carried out also for selectedn®logies which are possibly to be implementethin
demo building located in Sopron (Hungary).

This Deliverable is also an assessment of the malveaerging retrofit solutions and HVAC technolagie

and it is conducted through the identification bgit strengths, weaknesses, opportunities and tthrea
(SWOT). The assessment is based on the informatalected from previous studies and scientific
publications.

It is important to know that the data availabled&termine the efficiency of each measure are famfr
homogeneous, due to the large account of considet@thnologies and their information source. Moezp
opportunities and threats analysis are directheddpnt on the national context, the specific teldgyoand
model or trademark of each solution.

The report has been divided into these 5 sectidthsEnvelope materials; 2) Lighting and Daylighting
technologies; 3) HVAC and Renewable Energies; 4jdBig Management Systems; and 5) Maintenance
procedures.

Conclusion of the SWOT analysis of the differemht®ologies/materials is drawn out for each sectimn.
technologies that are in development process witienR&D Work Packages (WP3, WP4, WP5 and WP6)
are studied and anylized profundly regarding thénroharacteristics, energy savings potential, bestefit
and Return On Investment (ROI) . Furthermore, theesen options are compared with further alternatime
order to study their technical and economical Vighiideas about how the demo site could be imptbare
assessed and provided in each research field 6ab®hopping R&D partners.
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2. INTRODUCTION

2.1 Purpose and target group

The aim of this report is to perform an assessrétite retrofitting (some new and emerging) soluidor
envelope materials, lighting and daylighting tedbges, HVAC and Renewable energies, automation
systems and maintenance procedures, and to ev#haaitedustrial viability, the cost-benefit and Railthe
solutions to be developed during the project argémented in the shopping center of Sopron.

2.2 Contributions of partners

The following partners have collaborated in thigart with detailed technical and economical speatfons
of the technologies that they are developing iha&lork Package:

* CNR-ISAC (Insulation materials)

* NTUST (Daylighting technologies)

* SYMELEC (PV and wind turbine systems)

* Yasar University (DC powered heat pump)

* GeoClimaDesign AG (Radiant ceiling system)

* |ISA (Fixed sensors and Environmental Data procg¥sin
* FHG (Audio sensors and Mobile robot)

* ANC (Operation and Maintenance procedure)

2.3 Baseline

This deliverable is at the start of the EcoShopmr@ect with the aim of evaluating the industwalbility
and feasibility of renovation technologies, andlgsiag profoundly those will be implemented in tthemo
site.

The assessment and viability study of the studdetirtologies will base on the great variety of datarces,
which include the online documents, characteristitproducts, literatures, research papers andsthes
experiences and research results from differerhees etc.

2.4 Outline

In each section, a list of considered technologi®s solutions will be presented, the SWOT analydisbe
carried out for the listed solutions. Then a cosidn will be drawn out comparing the key indicatdr
different technologies. Finally, technologies antltons indicated in each technical research WHsbe
further studied and compared with other alternative

This study will follow the order of the WP plannedthe DoW (WP3 to WP6). By carrying out the degdil
study of each topic, a final conclusion will be g#ated trying to picture the global view of intagrg
different technologies for a shopping centre, tngathe combination of different alternatives prepd as a
whole and integrated solution.

2013-27-13
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2.5 Relations to other activities

This deliverable has very strong interdependencattsseveral Work Packages. This deliverable haslede
the following information of the technologies tlaaie being studied and developed in:

* WP3: Envelope materials and Day lighting

* WP4: HVAC Technologies

* WP5: Intelligent Automation Unit

* WHP6: Operation and Maintenance technologies

The information collected about the technologiethiese WPs is related to their main characterjstiesr
strong and weak points and the potential energingav The technologies and solutions indicatedhi t
aforementioned WPs are compared with other retirgfiglternatives, Cost-benefit analysis is caroetifor
each one in order to evaluate the convenienceinf ukese technologies and to see how they coultt wo
better and be holistic integrated to a shoppingtezerAt last but not least, serving as a prelimynar
assessment for the technology developers of theea®s and offering a global revision of the ingtgm

of these retrofitting solutions are always onehef dbjectives of this study.
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3. ENVELOPE MATERIALS
- -

3.1 List of Insulation materials

The following insulation materials will be evaludtén the SWOT analysis. Due to the great variety of
insulation materials, we cannot address all in #giigdy, they are available on the market with smil

physical or technological properties and thus atepresented in this study.

Table 1 Insulation materials

INSULATION MATERIALS

MATERIAL TYPICAL FORMAT CATEGORY
Wood fiber Panels Organic
Polystyrene Panels Inorganic
Polyurethane Panels Inorganic
Rockwool Panels, rolls Organic
Aerogel Panels, rolls Innovative
Vacuum Insulating Panels (VIP) Panels Innovative
Cellulose Panels, flocks Organic
2013-27-13
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3.2 SWOT analysis

3.2.1 Material SWOT analysis

Strengths

High acoustic performance

Low to zero toxins, easy to reuse/dispose of, &ant health benefits
throughout life cycle

Offers some thermal mass

Protective clothing and masks not needed, more adaifle for
installers and others coming into contact with it

Vapour permeable, works well with other low-impewterials
Concern about indoor pollution and allergies idipatarly high.
Renewable

Low energy input

Biodegradable

Absorbs VOCs

Non-flammable

Breathable

D

Weaknesses

Most products manufactured overseas and imported

Price currently significantly higher than oil- or imaralbased
competitors (this may reduce as demand and supgpigase)
Suitability of rendered external finishes limitspéipation

Use limited to above damp-proof course or equivdkrel

Few producers

Maybe treated with pesticides, fungicides, and 8aptardants

Poor ranching practices

Opportunities

Renewable materials store carbon throughout usiédpan

Robust in handling, transportation and onsite cootibn

It is available as loose fill, flexible batts andid panels for all therma
and sound insulation uses.

It can be used as: 1) internal insulation: betwsteds, joists or ceiling
rafters, under timber floors to reduce sound trattante, agains
masonry walls; or 2) externally: using a rain soreladding or roofing
or directly plastered/rendered, over timber raf@rstuds or masonr
structures as external insulation to reduce thehmidges.

It is 100 percent recyclable, so it helps to redoverall landfill waste

Threats

Requires thicker walls

1 http://www.bre.co.uk/filelibrary/pdf/projects/lowmipact_materials/IP18_11.pdf

2013-27-13
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Strengths « It can be cast into molds with fine detail.

« It can be transparent

« Very economical. Low Cost

« Can be aerated (with GDto make excellent insulator

« Can be foamed between card to make lightweighd pginels
« Available in several forms.

« Inits various forms it is usually easy to work

« Itis versatile -uses range from cutlery to explesi

« Can be recycled - thermoplastic so can be remoufdifinitely
«  Non Hygroscopic

« Good Optical Clarity

« Easily Processed

« Good Thermal Stability

» Good Property Retention

« Good Creep Resistance

- Easily Decorated

- Easily Bonded

« Good Toughness (HIPS)

«  Chemically inert, it does not pollute the envirommne

Weaknesses « Older types of Expanded polystyrene contain CFCs

« Flammable (especially if oil painted)

« |t takes a long time to decompose.

« Expanded foam is uneconomical to collect for reioggl

« Poor resistant to organic solvents.

- Itisn't bio-degradable and like all plastics isdmdrom oil.

+ Low Impact Polystyrene (the usual type) breaks \eagily and isn'
very strong.

»  Thick Sooty Smoke

« Poor Weatherability

« Highly Flammable

« Highly Notch Sensitive

- Poor Resistance to Petroleum Solvents

Opportunities » It can be produced in lots of colours.

Threats - It can cause health concerns if ingested

2 http://swot.advisorgate.com/swot-p/30600-swot-asiatpolystyrene-foam-product-manufacturing.html
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Strengths « High Abrasion Resistance, Impact Resistance angfress

« Low Viscosity

« High Elongation

«  Good Flexibility

« Good Tear Strength

« Low Shrinkage

«  Hydrolytically Stable

« Good Chemical Resistance

«  Minimizes air flow

+ Helps eliminate drafts and provides for comfortablen heat

«  Provides better humidity control

« High Insulation Value. Best R-value per inch of aegdily available
insulation allows you to fix more insulation inighter space

+ Moisture Resistant. Stops moisture driven elements to its closed
cell salability

« Rigid. Adds structural strength

» Seals cracks from unwanted gas and odor penetration

« High degree of strength to weight ratio

« Excellent Adhesion. Does not need fasteners to ihaltb place

+ Code Approved. Materials meet building code requerts and are
accepted nationwide

Weaknesses «  Poor thermal capability
« Poor weatherability
- Attacked by most solvents

Opportunities « Performs in hot as well as cold temperatures
« Quick, easy application by professionals

+ Provides a seamless layer of insulation

« Adds very little weight to ceiling or roof areas

Threats - Utilize toxic isocyanates
- Flammable

3 http://swot.advisorgate.com/swot-u/40180-swot-asiatyrethane-and-other-foam-product-except-polgsigsmanufacturing.html
http://plastics.ides.com/generics/45/polyurethpoe-
http://www.dwyersspecialty.com/knowledge_spfbetsditm
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Strengths

Higher R-Value than traditional fiberglass insidati

Better thermal barrier then fiberglass leading tessl energy
consumption.

Soundproofing qualities reducing noise pollutioonfr noisy neighbors
or noisy machinery.

More fire resistant than traditional fiberglass ulagion, making for
better protection against fires.

Holds water: Rockwool holds an incredible amounvafer, which
gives a "buffer" against power outages or pumpuifail

Holds air: The consistency allows plenty of air,igthsupplies the roo
zone with plenty of oxygen. It's practically impiids to over-wate
Rockwool. The fibers of rockwool make it highly pas thus allowing
a high air-porosity ratio in the root zone.

Variety: From 1" cubes to 3"x12"x36" slabs capatfi@olding the root
systems of huge plants, Rockwool comes in dozesbafes and size
making it a versatile growing medium. It also cortlesse” so you car
fill pots or containers of any size.

Neat and clean: Rockwool holds together very welt san't spill. It's
easy to handle and does not leave a residue likdaszs.

The production process involving heat makes rockwompletely free
of pathogens.

Rockwool is inert and contains some silica that banavailable tqg
plants.

D

Weaknesses

Health concerns: The fibers and dust from Rockvarel bad for the
lungs. Dust mask shall be worn when handling tegméeproblems.
Long pre-soak period: Rockwool must be pre-soakad 24 hours
before use, which other growing media do not regquir

Disposal and cost of rockwool make it less thartasnable in long
term production.

Typically pH values of rockwool are high and wiked to be reduce
to maintain optimal pH values for plant growth.

Buffering capacity of rockwool is low and can béfidult to manage
pH due to water retention characteristics of ther§ used.

Opportunities

Lower health risk to humans versus fiberglass atsah.

Threats

Not environmentally sound: Rockwool is hard to disp of; like

Styrofoam, it does not break down.

4 http://swot.advisorgate.com/swot-r/327 26-swot-asialyockwool-international.html
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Strengths

High thermal resistance, achieve a relatively highel of thermal
insulation with a limited insulation thickness. $hhakes it possible t
save interior space (on walls or floors).

Can be easily cut to shape and are flexible endodie fitted aroung
complicated details. Mechanical resiliency accomates therma
cycling and vibration without loss of performance

Reduced sensitivity to mechanical damage.

Variety of particle sizes

High surface area

High particle porosity

Surface chemistry: Completely hydrophobic

Resistance to moisture and UV ensures long-terfofmaance even ir
harsh environments

Good for acoustic insulation applications, espécatl low frequencies

O

Weaknesses

The material can be dusty, and it is advisable éamgloves, safet
glasses and dust masks when handling it.

Since aerogel blankets are still very new and gnéamtensive, their
cost may be high (appr. €20%m

Opportunities

Choice of product forms provides maximum flexilyiliin system
design and installation methods

Low density offer space and weight savings in fpansapplications

It is an emerging technology that has a large gneaying potential
As this new emerging technologies go cheaper, dihenton insulation
material will lose its interest and become obsolete

Threats

5 http://www.one-stop-shop.org/sites/default/filesF®_11_aerogel%20insulation.pdf
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Strengths

Increased energy efficiency

Reduction in greenhouse gas emissions

Faster building times and better buildability alstures

Lighter weight materials may offer safety advantaigeconstruction
Potential cost savings

Improved health and wellbeing

Weaknesses

High cost
Material availability
The set views of trades

Opportunities

Implementation of new techniques and synergistitesys
Opportunity to adopt a more professional approazhmanaging
construction sequences (instead of haphazard m®&thod
Opportunities to implement leading-edge technolegied to reduce
substantial greenhouse emissions

Threats

Not mainstream building materials

Resistance to change

Not mainstream techniques

Distribution and supply

It is an emerging technology that has a large gnsaying potential
As this new emerging technologies go cheaper, éinenton insulation
material will lose its interest and become obsolete

6 http://issinstitute.org.au/wp-content/media/201188-FEL-REPORT-S-WEST-Low-Res.pdf
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SWOT ANALYSIS

Strengths

CELLULOSE’

Increased energy efficiency
Reduction in greenhouse gas emissions

Faster building times and better buildability alstures

Lighter weight materials may offer safety advansaigeconstruction
Potential cost savings

Improved health and wellbeing

Weaknesses

Possible cost
Material availability
The set views of trades

Opportunities

Implementation of new techniques and synergistitesys
Opportunity to adopt a more professional approazhmanaging
construction sequences (instead of haphazard m®&thod
Opportunities to implement leading-edge technolegied to reduce
substantial greenhouse emissions

Threats

Not mainstream building materials
Resistance to change

Not mainstream techniques
Distribution and supply

7 http://fen.wikipedia.org/wiki/Cellulose_insulation
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3.2.2 Conclusions

The studied insulation materials can be divided into categories:

1) Traditional thermal building insulatordiood fiber, Polystyrene, Polyurethane, Rockwool and
Céllulose. Their thermal conductivity is around 30-40 mW/K-decreasing to 20-30 mW/(m-K) only
in PUR. It varies with temperature, moisture cohterd mass density.

2) New thermal building insulation materials are altsuper-insulator”: Aerogel and Vacuum Insulation
Panels (VIP).

* Aerogd is a low-density solid-state material in which tiguid component of the gel has been
replaced with gas. Silica aerogels consist of astimked internal structure of SiO2-chains (0.2%)
with a large number of air filled pores on a mieed nano size scales (99.8%). Commercially
available aerogels have a thermal conductivity betwl3 and 14mwW/(m-K).

Aerogel applications have also important disadvgggaHigh production costs and the low tensile
strength.

e Vacuum insulation panels (VIP) consist of an open porous core of fumed silicactoped of
several metalized polymer laminate layers. Thesepoments are made by panels of solid material
with a high porosity level and a very small porendnsion on which a technical vacuum is
produced and maintained by enveloping the solid woth a plastic and/or metallic sheets.

Vacuum insulation panels disadvantages: Punctuhiag/IP envelope, which might be caused by
nails and similar, causes an increase in the tHezamauctivity to about 20 mW/(m- K). Moreover,

the initial thermal conductivities increases frord8W/(m-K) to typically 8mW/(m-K) after 25
years ageing.

Table 2 shows the main characteristics of the stligisulation materials. In order to be able tcwdake the

price of materials with different thermal conduiiryan assumption is made by fixing the thermalstance
to 3.5 MK/W. This assumption allows.
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Table 2 Properties and costs of insulation materials

The table includes a selection of materials avhdlab the market that are typical for each category

Thermal

- . Specific heat | Densit i Price for thermal
Material :gr%(;?l Category | conductivity g o Z Ir:elgeistance \rlggitztraxggor resistance = 3.5 m*> K W™
W mt KD (J Kg™K™) (Kg m™) (Euro/m?)
Wood fiber Panels Organic 0.038-0.058 2000-2100 55-140 Bad Bad 20-37
Polystyrene Panels Inorganic 0.032-0.045 1200-1500 10-80 Bad Good 8.60-17.35
) 25-35
Polyurethane Panels Inorganic 0.022-0.035 1300-1500 30-160 Bad Good
Panels, .
Rockwool rolls Organic 0.030-0.040 1000-1100 25-200 Very good Bad 20-50
Panels, .
Aerogel rolls Innovative | 0.013-0.021 900-1100 100-150 Very good Good 70-200
Vacuum
Insulating Panels Innovative | 0.008 700-900 180-210 Good Very good 140-170
Panels (VIP)
Panels, .
Cellulose flocks Organic 0.038-0.040 2000-2100 30-70 Bad Bad 25-30
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3.3 Envelope materials in WP3

3.3.1 Available materials/technologies

Insulation materials are commonly used in the fiéetod buildings in order to decrease the thermal
losses of the envelope. They can be applied ah@kurfaces of the envelope as they are avaiiable
different formats.

These materials are therefore subdivided in categdoased on the main component (organic,
inorganic, nanomaterials etc.), where they areiegivalls, floors, roofs) and how they are applied
(panels, flocks, rolls etc.).

3.3.2 Main characteristics of materials/technologies

The main characteristic that defines the thermdiopmance of an insulation material is the thermal
conductivity, which is measured in steady state affidcts the energy demand during the heating
season.

More properties related to the thermal performaareethe density and the specific heat that affest t
energy demand during the cooling season. Other ritapioproperties are related to the safety (fire
resistance), the comfort (water vapor resistancé) the environmental impact (toxicity, embodied

energy).

A list of traditional and innovative insulation meatal is shown in Table 2 with their physical
properties, costs and strong and weak points.

3.3.3 Strong and weak points of these materials/technologies

Standard insulation materials, such as polystyr@me polyurethane, are widely available on the
market and don’t require highly trained workerstfog installation.

Innovative insulation materials, such as Aerogel &acuum Insulating Panels (VIP), due to their
lower thermal conductivity, can give the same panfince of standard materials with lower thickness;
however, they may require highly trained workerstfi installation and are much more expensive.

3.3.4 Cost benefit analysis

National and European standards promote the usesofation materials as the limit values for the

thermal transmittance of the building envelope ewatinuously decreasing. The most part of the
existing building stock has been built in absenicseush energy saving standards. Common insulation
materials, in case of building retrofit, can lowke thermal transmittance of the building to the

required level leading to energy savings in paldictor heating energy demand that can be in agang
between 10% and 30%.

Based on the building characterization analyzetthénTask 2.4, the following table shows the energy
savings (and the ROI) that could be achieved dwketoease of the wall thermal transmittance (from
the existing 1.02 to the 0.22 Wiknafter implementing the insulation materials).If//A shopping
center, we estimated that 1000will be retrofitted, so the consumption due to thermal behavior of
this wall surface is estimated to decrease frori@BkWh/year to 18,300 kWh/year. The reduction in
energy consumption will be around 65,000 kWh/yddre average price of electricity in Europe is
0.200 €/kWh and in Hungary is 0.140 €/kWh. Therefdhe economic savings in Hungary will be
9,100€/year, while with the electricity averagecpriof the 28 countries in Europe the economic
savings are 13,000€.
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Table 3 Cost Benefit analysisand ROI

Price for . Economic ROI in | ROI in
Economic - .

thermal savinas  in| Savings in| Europe (year)| Hungary

Material resistance = 9 Hungary(€/yea (year)
2 -1 Europe

35m° KW in r

1000m? (€) (Elyear)
Wood fiber 20,000-37,000 13,000 9,100 1.5-2.8 2.2-4.1
Polystyrene 8,600-17,350 13,000 9,100 0.7-1.3 0.9-1.9

25,000-35,000 13,000 9,100 1.9-2.7 2.7-3.8
Polyurethane
Rockwool 20,00050,000 13,000 9,100 1.5-3.8 2.2-5.5
Aerogel 70,000-200,000 13,000 9,100 5.4-15.4 7.7-22.0
Vacuum 13,000 9,100 10.8-13.1 15.4-18.
Insulating 11‘;%%%00
Panels (VIP) '
Cellulose 25,000-30,000 13,000 9,100 1.9-2.3 2.7-3.3
2013-27-13
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4. LIGHTING AND DAYLIGHTING TECHNOLOGIES

4.1 List of technologies

The following Lighting and Daylighting technologiesll be evaluated in the SWOT analysis.

Table 4 Lighting and Daylighting technologies
LIGHTING AND DAYLIGHTING TECHNOLOGIES

LIGHTING COMPACT FLUORESCENT LAMPS

LED LIGHTING

OLED LIGHTING

MICROPLASMA LIGHTING

SULFUR PLASMA LIGHTING

DAYLIGHTING FIBER OPTIC LIGHTING

NATURAL LIGHT ILUMINATION SYSTEM (NLIS)
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4.2 SWOT analysis

4.2.1 SWOT analysis for lighting technologies

Strengths - Elimination of prolonged lamp outages and reducathtanance costs|

* Improved lamp light output (four to five times moper watt than
comparable incandescent lamps).

- Longer rated life (10 to 20 times longer than faraindescent lamps).

« Replacing incandescent lamps with CFLs would redareergy use 7%
to 80%.

« Reduction in energy costs. The effect on GHG wauady greatly by,
country due to difference in electricity generati®®FLs used thre¢
hours per day can have a payback period of lessaha year.

» Increased efficiency of CFLs reduces the lightingath addition,
offsetting the energy and greenhouse gas beneffitsoiversion to
more efficient lighting sources (assuming the eleity generation mix
remains the same).

- Warm white CFLs are available as well.

Weaknesses » Initial Cost is greater than comparable productsL Gulbs can range
from €3 to €12 depending on their type. This is mowre than typical
incandescent bulbs, but their lifetime and energuirgs are
significant.

e CFLs are ill-suited for recessed and enclosedrgu

« Atypical CFL contains a very small amount (5 mgp@rcury, a toxic
substance. Without an effective recycling program assumed CFL
will end up in landfills, which is a potential enehmental issue if CFL
use increases substantially. Conversely, elegtricgeneration,
particularly coal-fired, also releases mercury i@ environment
Therefore reduced demand for coal-fired electrimegation could
reduce the amount of atmospheric mercury emissi®hese effects
represent both a cost and benefit; a fair comparafothese relative
effects is required to evaluate the overall envinental effect of this
regulation.

e Consumer surveys and laboratory tests report prema@FL failure
due to rapid-cycling and other operating conditisush as elevategd
temperatures. It is likely that increased use mesult in a highel
number of CFLs operating under less than ideal itiond.

* Such use could lead to a higher number of CFL rfadu thereby
increasing costs to the consumer due to premagyplagement as we
as increasing the amount of mercury disposal k&latd ideal lamp
operation.

)

Opportunities « Primary replacement technology because they alreaddet the
proposed requirements and are a “drop-in” replacénier general
service incandescent lamps.

Threats « There are emerging technologies (LEDS, OLEDS) thafe more
energy saving potential. As these new emerging niglolgies go
cheaper, fluorescent lamps will lose its interest Become obsolete.

8 CANMET, 2004. LRC, 2003.
Energy Star, 2007; Parsons, 2006: 9. LRC, 20(3:Q®Rourke & Figueiro, 2001: 30
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Strengths « Low energy consumption — retrofit bulbs range fr@.83 to 7.3 Watts

« Long service life — LED bulbs can last up to 50,00@0irs

« Durable — LED bulbs are resistant to thermal arwrational shocks
and turn on instantly from -40C° to 185C°, makifgrh ideal for
applications subject to frequent on-off cyclingclsuas garages an
basements

- Directional distribution of light — good for intei task lighting

« No infrared or ultraviolet radiation — excellent foutdoor use because
UV light attracts bugs

- Safety and environmentally conscious — LEDs cont&irmercury ang
remain cool to the touch, because LEDs generatehniegss hea
compared to other lighting systems.

«  Fully dimmable — LEDs do not change their colouat tvhen dimmed
unlike incandescent lamps that turn yellow

« No frequency interference — no ballast to interferigh radio and
television signals

« Range of colour — LEDs can be manufactured prodiiceolours of
the spectrum without filters, they can also prodwddte light in a
variety of colour temperatures

o

Weaknesses «  Very expensive
« Does not perform well under high wattage applicagiget

- Still in development phase of technology

« High glare effect

« High quantities of aluminum used for heat sinks

« Re-lamping expensive — the whole LED arrays need=treplaced
« Single LED failures create negative visual effect

Opportunities . Could replace all applications of light fixtureftem some years of
development

« Continuing Energy-saving as LED light enrichmenbtpction appeal
for industrial and commercial lighting

e Online opportunities worldwide

- Government policy support in many European cousitrie

Threats «  Still under development and may not reach reasenaifite levels for
years

- Domestic market purchasing power of customer

«  The biggest limitation to LED for common residehtiae is the cost of
manufacturing due to still-limited production runManufacturers
claim production will increase considerably in thear future, furthe
lowering prices. Currently, there is a limited nwentof LED fixture
manufactures, but this is changing. Retrofit bulsge from €20 td
€60 for night lights and small lamps.

- The development of new technologies like Micropladightning

9 http://feco-system.in/home/products/4-led-lightirygtems
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Strengths - OLED material is very light weight, thin and traasent.

+ OLEDs can be printed on a thin layer of film or e\&sheet of papef
so its flexibility and small size is a determiniagvantage.

« Displays applying OLEDs are generally brighter canggl to othel
display solutions

- OLED displays are more energy-efficient in geneaall have a widef
viewing angle compared to other display solutions.

« OLEDs are easier to produce and can be made terlaiges. Becaus
OLEDs are essentially plastics, they can be maddange, thin sheets.

D

Weaknesses « OLEDs are not used for lighting purposes at the gl he brilliance
of the diodes are not high enough for this appbcat

« OLEDS slowly lose their light-emitting propertieSlhe current|
materials use dare expected to last between 1&0A6014,000 hour
although this is expected to improve. Some woulg thés is long
enough as it implies a screen usage of 5.5 yeara o hour per day
usage (Conti, 2008)

« Manufacturing processes are expensive right now.

«  Water can easily damage OLEDs.

U7

Opportunities - OLEDs are the fastest growing flat panel displaght®logy today,
with Europe playing a key role as a technology tigyer.

e Success for OLEDs depends on two key technical raxbs first, the
operating lifetime, which is based on the stabitifyeach colour; and
second, the production process. If the latter candéveloped, witt]
consistent high quality at low cost by using lovstcprinting and room
temperature processes, that combination could take costs well
below other products.

« NanoMarkets predicts that from zero in 2008, theegal purpose
market for printed lighting will grow to about $118illion in 2010 and
to over $1.5 billion in 2014, consisting mainly@ELEDs.

Threats « The market for lighting is potentially enormous bubre uncertain
OLED lighting seems likely to remain a niche proddor the
foreseeable future, owing to investment in existimpompatible
infrastructure.

- Attempts have been made to use it as a main saiiribght: the first
one was by Osram in 2009 November, but the Orbegg panel,
besides the above mentioned problems, had thewdistabe of high
price as well.

« OLEDs may not be suitable for main source of lightat the momentj,
it allows a new range of unconventional lightindusons, hopefully to
appear on the market within a few years. NovaledEDlpanels are i
good example for this - these panels are transphgers applied on
window for instance, letting in sun light duringetiday as a regulg
window, but serving as a source of light during thight. This
background light solution can be obtained other svag well. Since
OLEDs can be printed on any thin layer or sheely tire an alternativ
solution for wallpapers as a background light. OLERIlIpapers -
which are the combination of art and technologye-@due to appear o
the market in 2012.

« These peculiar solutions of lighting are going éealutionize our idea
about home or commercial lighting, hopefully in trear future.

= <

D

=]

10 nhttp:/iwww.ledcentre.uk.com/newsletter/oleds-irhtigg.html
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Strengths « The lighting can be any shape or colour.

«  Flexible sheets

« Itis mercury-free, contains no toxins, and envinemtally friendly

»  Ultra thin (less than 3mm) and flat form factorattban be flexible and
formed, unlike fluorescent and HID sources

« Eliminates the need for external reflectors to woantthe light
distribution

« Longer lasting light source: Offers long life of tgp50,000 hours

»  Surpasses functional LED system efficacy

« Operates cool and generates less heat

» Its plastic, glass and aluminum contents are easipurposed ang
recyclable.

Weaknesses «  Currently, the largest arrays produced are 6 sq. in
» Because of the rate of production, the MCA is nastecompetitive
with current lighting options

Opportunities « Hold considerable promise as the next generation ligiiting
technology

« US Congress mandated that incandescent lights &sedhout in 2014,
EU will possibly act similarly.

Threats « ltis not a fully developed technology

11 nttp:/iwww.informlightworks.com/?p=146
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Strengths « Sulphur Plasma lamps are between 25% - 100% mdiceaf than
any other artificial source of high quality whitgHt.

« The light is true full spectrum daylight and thweatures all of the
qualitative benefits of sunlight.

e The light is almost 100% PUR and thus perfect fastpsynthesis.

- Light can be efficiently distributed over large sps, superior to all
arc-based lamp technology in every sense, andngostd more than
lamps which are used extensively in the Film andalie industry.

« Unlike all other artificial light sources, the ligbutput and colour (light
output quality) does not degrade over time ands ifully dimmable
down to 30%.

« It contains no lead, unlike most other lamps, nacue, unlike all
fluorescent lighting and no arsenic unlike most ISEDGallium
Arsenide).

« The lamp’s output is low in infrared energy, andsleghan 1% ig
ultraviolet light. As much as 75% of the emittedliedion is in the
visible spectrum, far more than other types of lamp

Weaknesses - Limited life — Magnetrons had limited lives.
- Large size
e Heat — The sulfur burnt through the bulb wall uslésey were rotated

rapidly.
« High power demand — They could not sustain a plasmpawers unde
1000 W.
Opportunities - Suitable for indoor agriculture and indoor growprgcesses
Threats - Its market is restricted to very specific needs

12  nhttp://www.plasma-i.com/plasma-email3.htm
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4.2.2 SWOT analysis for daylighting technologies

Strengths - Deliver natural light to spaces deep in a building.

- Distributed day lighting through optical fibersashigh-tech approach
to making use of natural light.

« On the roof or an outside wall, there's a one-msqeiare collector thg
track the sun as it moves across the sky.

- The SP2 uses about 2 watts of electricity to opdtas tracking, which
is controlled by a photosensor and microprocessor.

« The cables can be run through interior wall casjteeiling plenums, oy
wiring chases, and their bending radius can beghsds two inches

- The Fiber Optic Lighting can take the form of sptts, fairly
conventional-looking ceiling fixtures, and some Hhgbfixtures that
include both day lighting and high-efficiency flesicent lighting.

« The colour of the light changes throughout the dimy.the early
morning and late afternoon, it can be distinctharge, while in the
middle of the day, it can be quite blue, which gitbe light a coo

—

feeling.

Weaknesses - The greater the length from the light source, tteatpr the light loss: gt
33 feet (10 m) 64% of the light is delivered; at fé&t (20 m), only|
40%.

- The system is quite expensive, with a system stadi about €8,000
for one SP2, four optical-fiber cables, and fouktuies, plus
installation.

« It can only be used in the daytime, and in centiaiylight conditions

Opportunities - If prices come down, this could become a practitehtegy in the
future.
Threats «  Not suitable for the lower floors

«  This technology is not easily available commergiail Europe

13  http://mww2.buildinggreen.com/blogs/fiber-opticsytighting
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Strengths e Collecting: There are two layers of the prismatic element &rel
innovative element improve the sunlight leakage lasd problem

e Coupling: The new coupler is with high transmittance efficg and
suitable to assemble on the lightpipe

- Transmitting: The efficiency of light pipe is higher than fiben the
long distance transmission.

«  Emitting: The new emitting component can used on light @pd
LED both to provide steady indoor illumination

Weaknesses » Coallecting: The innovative element has to coat AR coatingwilt
increase the cost and difficulty of mass production

»  Coupling: If the light source distribution is Lambertiark@i LED), the
transmittance will be lower.

- Transmitting: The flexibility of light pipe is lower than fiber

- Emitting: The weight is heavy and dimensions are large.

Opportunities - The weight of PMMA is lighter than conventional ggamaterial.
- PMMA is easy to manufacture and the cost is cheap.
e Itis also much easier to mass production tharsglas

Threats » The hardness is low, easy to get scratched. Thereéocover glas
should be used on the LightBrick module to avoictah and dust.

» The guarantee period of PMMA is shorter than Gla$e guarantee
period experiment is still on going. However, thefalilt period of
PMMA material is 15 years.

U7
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4.2.3 Conclusions

The integration and development of lighting teclgas are not considered due to the large amount
of research effort that the previous projects edrout, instead, this project will pay more attemtio

the daylighting technologies. In the renovatiortt@ shopping center of Sopron, lighting technology
is not considered either. However, this study ef lighting technologies will serve as an assessment
of retrofitting solutions and can be used as a lesdor users who wants to implement it on his
project. Specifically, according to the SWOT anmlysf the available alternatives of lighting
technologies, OLED technology has an enormous fiatanarket in a long term of view, but at this
moment they are not mature and cost effective emeaidpe used for lighting purposes. For the LED
technology, in fact it is the most used technolagylighting refurbishment projects, since it has
several advantages, such as a low energy consumatio long service life, but the price and the
medium-long ROI could be subjects that the promener should consider. As times go by and
improvement in technological development, the LED tave a higher potential compare to other
alternatives, the price is envisioned be reducadamably in a short term.

As the natural lighting technologies are concerrikd, daylighting is considered the best source of
light during daytime in buildings because it camesanergy in place of using artificial lighting, igh
represents a major component of energy consumptioammercial buildings. Many research studies
have focused on natural light illumination as a ngeaf saving energy and creating healthy lighting.

Today, most daylight collectors use dynamic corregots, but these designs are too expensive to be
cost effective, need building remodeling to inst@fid the existing daylighting technologies are
impossible to expand to fulfill increasing indodhgminance requirement.

The NLIS system developed by NTUST, that will bgpiemented in the EcoShopping demo site, can
be adjusted according to the illumination needmbyeasing the number of cascadable light collgctin
units. In addition, the novel system is made upPMMA material and as it is easy for mass
production and thus the manufacturing costs camedbeced for large scale production.

The NLIS system will be an all-optical daylight duig system with modular structure which allows
the flexibility to design and install the systemany part of the commercial buildings so to gaia th
optimization of energy efficient lighting systenThe efficiency oflight pipe is higher than fiber on
the long distance transmission.

During the night or overcast day, the system camtegrated with the artificial lighting system to
simulate the natural light and be robust to beghtlprovider regardless of outside lighting sitoati
Furthermore, taking the advantage of light's remit property, during night time when there is no
sunlight to collect, the system is transformede&odme an energy-saving artificial lighting systeyn b
transmitting the indoor light outside so the suefa€ the devices used for light collection emitbjak
can be served as exterior lighting fixtures of cargral buildings without using extra spot lights.
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4.3 DayLigthing technologies in WP3

4.3.1 Scheme of NLIS technology

In the following figure it appears the NLIS technology scheme.

Table 5 NLIStechnology

Collecting Transmitting

Coupling Emitting

4.3.2 Cost benefit analysis

Based on the construction cost of NLIS, we coulilvege the unit price of NLIS is 1.1€/lIm. After
mass production, the price is expected to decrE@®edue to higher yields.

For example, when the NLIS is applied on 660 mZbesit, there are 200 fluorescent lamps needed
at least. That will consume 1,152 kWh per day. Thest will be 2.150€ per mounth based on

0.06€/kWh in Taiwan.

The initial construction cost is around 71.200€g#&eing to the 15 years guarantee period, the unit
construction cost is almost 400€ per mounth. Basedhe condition of 10hrs usage per day of
fluorescent lamps, if fluorescent lamps are remlaog NLIS, it will save around 885€ per month.
Therefore, the ROl is around 11.8 years.
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5. HVAC AND RENEWABLE ENERGIES

5.1 List of technologies

The following HVACR technologies will be evaluatedthe SWOT analysis.

Table 6 HVACR technologies

VENTILATION MECHANICAL VENTILATION SYSTEM
HYBRID VENTILATION SYSTEM
PASSIVE STACK VENTILATION SYSTEM
VENTILATION: BREATHING WINDOW

RENEWABLES AND | BIOMASS BOILER

HEAT PUMPS

WIND ENERGY (MICRO WIND TURBINES)

SOLAR PHOTOVOLTAIC SYSTEMS

SMALL SCALE HYDRO (MICRO HYDRO)

SOLAR WATER HEATING

MICROBIAL FUEL CELL

GROUND SOURCE HEAT PUMP

WATER SOURCE HEAT PUMP

AIR SOURCE HEAT PUMP

DC POWERED HEAT PUMP

COMBINED HEAT AND
POWER (CHP)

MICRO-CHP STIRLING ENGINE

MICRO-CHP RANKINE CYCLE ENGINE

MICRO-CHP FUEL CELL

MICRO-CHP INTERNAL COMBUSTION ENGINES

COMBINATION BOILERS

CHP WITH NATURAL GAS/BIOGAS

STORAGE
DISTRIBUTION

AND

THERMAL STORAGE / THERMAL ENERGY STORAGE WITH
SUPERCRITICAL FLUIDS

MODULAR THERMAL HUB FOR BUILDING COOLING HEATING,
AND WATER HEATING

RADIANT HEATING/COOLING SYSTEM

COOLING
TECHNOLOGIES

ABSORPTION CHILLER

MEMBRANE-BASED ABSORPTION REFRIGERATION SYSTEMS

EVAPORATIVE COOLERS

DUAL EVAPORATIVE COOLING FOR RTUS

SOLID DESICCANT COOLING SYSTEM

HIGH —EFFICIENCY SOLID-STATE COOLING TECHNOLOGIES
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HIGH-EFFICIENCY ADSORPTION CHILLERS

REVERSE CYCLE CHILLER

MAGNETIC REFRIGERATION
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5.2 SWOT analysis

5.2.1 Ventilation

Page 35 of 113

Strengths

Better Indoor Air Quality. Indoor air can be maimyés more polluted
than outdoor air, and the people in cities useptnd 80 percent of th
day inside.

Ventilation systems can significantly improve a tesnair quality by
removing allergens, pollutants, and moisture thab cause molg
problems.

More Control. When indoor places rely on air flolwadugh walls,

roofs, and windows for ventilation, there is no wohover the source

or amount of air that comes into the building. &ctf air leaking intq
the building may come from undesirable areas ssadh@garage, attig
or crawl space. Mechanical ventilation systems, dwmx, provide
proper fresh air flow along with appropriate looas for intake ang
exhaust.

Improved Comfort. Mechanical ventilation systembwl a constant
flow of outside air into the building and can algmvide filtration,
dehumidification, and conditioning of the incomiogtside air.

Air can be supplied or removed at specific flowesatind for specifig
periods of time.

Excess ventilation can be minimized, lowering tmoant of extra
space heating required.

Airflow into and out of a building (that is airtighis less affected by
outside air temperature, wind velocity and diretctio

Y

Weaknesses

Compared to natural ventilation, it has some drakba
« Using energy

» Causing noise

» Requiring extra penetrations in the envelope

» Being visually unattractive

* Investment cost

» Needing ongoing maintenance (filter-change)

Opportunities

Higher building security than opening windows

Outside air can be sourced from a location wheeedin is fresher
cleaner, drier or warmer

Outside air can be heated or cooled before enténmgpace
Sufficient ventilation and air movement can be jued in hard-to-
reach spaces (often in apartment buildings) oirtight buildings

Threats

Buildings that haven't considered mechanical vatibh systems in it$

designs can hardly qualify for retrofitting becatisese systems requi
major infrastructure modifications.

]

14 http://www.energystar.gov/ia/new_homes/featuresient_062906.pdf

http://www.bacorpl.com/greenbuilding.asp?topicrgpstar
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Strengths

Good technical idea for fresh air transport.
Simple way of system installation,

Easy to install,

Price competitive systems,

Easy to maintain.

Weaknesses

Initial cost is greater than other solutions

High maintenance required

Some compatibility problems in the installation @fmbined natura
and artificial ventilation system

Heat recovery is not possible

Opportunities

High building market grows indicators

Large building renovation market

Rising customers awareness towards energy effigienc
Rising demand for indoor climate in residentiall@imgs
Easy to explain and present to customers

Threats

Active market penetration of Mechanical Ventilat®ystems,
Designers’ attitude towards new systems.

Not enough marketing and promotion activities

Weak products and systems distribution

No education for designers and construction congsani

15 http://fecoventl.bf.rtu.lv/pdfs/reports/Interim%20oet. pdf
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Strengths Improved air quality in the building
Improved ventilation in the building
Silent operation
Economical with low running cost
Maintenance free because it requires no movingspand has ng
operating costs. After installation, the only maimnce needed
periodical cleaning of the filters.
Energy saving: Passive ventilation doesn't reqgiigetricity, so it saves
energy and cuts down on carbon monoxide emissions.
Environmentally friendly

Weaknesses It's extremely dependent on the outdoor temperature

It functions best during colder periods of the yeenen the difference
between inside and outside temperatures is greatest
Passive ventilation used alone can't extract humiffom bathrooms
and laundry rooms

174

Opportunities

A low cost way of ventilating your home without ieglce on
mechanical or electrical extraction methods

Threats

Passive ventilation systems should be used in octipn with a heat;
recovery unit.
Air must be allowed to circulate freely among rootmgget maximum
performance from a passive ventilation system.
Low business opportunities

16 http://www.homeimprovementpages.com.au/articlefpasstack_ventilation
http://www.hgtvremodels.com/home-systems/passergilation/index.html
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Strengths «  The breathing window functions well beside natweattilation, hybrid
or completely balanced mechanical ventilation ¢ainditioning)

«  High efficient decentral ventilation 10 - 50/m

« Personal control over air quality

- Balanced ventilation, no air-ducts

« No lowered ceilings needed, stone floors can bel use internal
thermal mass by night cooling

« No installation space needed - built in the outall w

e Minimum infrastructure required

- Acts on wind, temperature, time, g@ossibly radon)

« No air-ducts, no air recirculation

« Heat exchanger easily cleaned by dishwasher

« Insect-proof / dustfilter

« No traffic noise from outside

« No draught (almost no temperature difference)

Weaknesses e Wind pressure sensitive

« Heat exchanger / dust filter is fragile
e Power-supply needed

- Condensation water outlets needed
e One unit required for each room

e Audible at night in silent areas

Opportunities « Unique innovation with definite USPs

« New product in existing market

« Little or no icing in arctic climate

- Patented innovation

« Energy saving on heating new houses 35%
« Less building-volume in offices 15%

« Reduction of building costs by = 10%

«  Global market for several license holders

Threats « Lack of acceptation due to being new and uncongaati
- Installation technology

« Users have no experience

« Reliability not yet proven

« Investment in production is high

«  No market for a long period of time (app. 2-3 ygars

« Product is to be mounted in the outer skin of dding

«  Every country has its own building regulations

17 nttp:/iweb.byv.kth.se/bphys/reykjavik/pdf/art_158p
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5.2.2 Renewable energies and Heat pumps

Strengths - Biomass boiler is highly compatible with currernthaologies

- Biomass boilers are very efficient. Using the bedt modern
technology, biomass boilers can achieve over 90%ciaicy —
dramatically more than conventional boilers.

» The boilers have automatic ignition and can moe&ulaétween 309
and 100% of full load.

» Easy to maintain and operate. Woodfuel boiler Veiit much longe
than a conventional boiler (25 — 30 years rathen th— 10)

- A biomass system is very competitive, ranging frapproximately
three and a half to six years.

- It should be noted that oil prices are highly vildgatind can fluctuate
significantly. Utilising biomass therefore is fdneaper in terms of fuel
costs.

« Heating, district heating, Domestic hot water (DHW)

» This type of energy production has a limited loegnt effect on the
environment because the carbon in biomass is p#rematural carbon
cycle.

» Locally sourced wood chip heating delivers a 95%2C&nissions
reduction compared to a gas boailer.

- Eliminates acid rain (biomass contains no sulphur)

Weaknesses - High cost for Harvesting, Transporting, and ChigpiBystem for
Forest Biomass.

- The biomass maintenance costs are slightly hidgrear that for the oi
system due to the need for activities such as disgowith ash and
cleaning the grate.

- From viewing the capital costs it can be seen ttiathiomass systen
represent a larger initial outlay than the altexeatossil fuel system.

»  Place of fuel storing and puffer tank.

« Relatively high heating water temperature.

» Acoustic effect of fuel storing.

»  Emission of pollutant material.

n

Opportunities » Improved fuel security through added diversity dodal sourcing.
Reduces reliance on fossil fuels

« Government grants the usage of this technology ri#ipg on the
country and on the energy efficiency

« EU Biomass Action Plan

- Biomass heating is often the lowest cost way taicedCO2 emissions
after energy Conservation. Reduces greenhousengasiens

» The impact on the creation of employment will bel@fnew jobs (10
in rural and forest medium and 1 in the industfiald) per 1MW
generation of energy with biomass

« Wil help to minimize the impact of haulage costs

+ Reduces amounts of landfill (waste wood used asnass fuel).
Promotes biodiversity through the sustainable memegt of

woodlands
e Modern biomass boilers are computer controlled fgstimum
efficiency
Threats »  Space requirements to install the boiler and fterbge

18 http://www.greenwarmth.co.uk/biomassboilers.asp
http://www.renewableinnovations.co.uk/biomass.html

http://www.homeenergysurveyors.co.uk/#!biomasgtc18
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e Fuel not easily available everywhere
Strengths - The manufacture’s life expectancy is usually giasr25 years
»  Simple solutions — easy to plug in
» Possibilities to reduce the electricity bill
« Wind is an eternal natural resource. Wind is freeharge and does not
get affected by other price trends in the world
» Good solution where there is no commercial griddonect to (islands,
mountain areas) or properties located in good waneas
- Own generated energy can create a feeling of imdpey and securg
the future electricity cost.
e CO2 savings: 1 tone per kW
Weaknesses o ) )
e Wind is intermittent, varying from zero to gale derspeeds.
»  Planning application required
» Limited scope for community project
e It depends on the location. It is prudent to caot wind speed
monitoring during 6-12 months to confirm that estted wind speeds
are likely to be reasonably representative. The cbshis exercise is
usually in the region of €3,500.
e Wind turbine cost around €6,000 per kW.
«  Expensive in comparison to grid electricity
» Lack of professionals with the right knowledge tesign, install ang
make service on small-scale wind turbines
» Lack of education in the wind power sector
» No standards yet in the business regarding techypatc
»  Product quality questionable
» Wind conditions are hard to predict
«  Not much research done within small scale windith@a®
e Lack of statistics
- Payback around 7-10 years
« Operational and maintenance costs are typicaltiigrrange of 2-3% off
capital cost
Opportunities » Potential for individual properties to benefit froefectricity bill and
carbon savings and FIT
» Highly visible and good promotional tool
- Potential installation work for local businesses
» Increasing energy prices in the world force pedpldook towards
other energy alternatives-renewable
« Increased interest for green energy and envirorehesgues
- Possibilities to create a specific support systeat tan be applied on
small scale wind power
- Government grants and business loans available
- Political support
Threats « Land ownership issues
»  Wind monitoring advisable on some sites to confivind resource
* A wind turbine would require annual maintenance.
« A wind turbine may need some major parts replacisgch as
gearboxes and blades after 5-10 years.
» Planning permission would be required for the iltesi@an of a wind

19 Bute Renewable Energy Project. Renewable Energsitfiby Study For Towards Zero Carbon Bute. Novemd011
http://cvi.se/uploads/pdf/Kunskapsdatabas%20téamiiga%20publikationer/SmallScale_Wind_Turbinesk&rThorstensson.pdf
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turbine
The commercial electricity to cheap, slows down deeelopment of
wind energy

Competition from other renewable sources such & $BV) panels
hydro power

New rules, permits and laws from the governmenthinég@mplicate for
the planned expansion and hinder development

Noises, shadows and affected landscape view midbiwv she
development and expansion down

Resistance among people in the society or fromhixeigrs because d
noises, shadows, disturbed landscape view
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Strengths - Solar energy is a locally available resource (arhod@epends orn
location).

« Potentially suitable for a large number of propesti

« 0% small business loan available

«  Short project timescale

« Most manufacturers offer a 25 year performance avdyron the panel
which guarantees their performance after 25 yedtde at least 80%
of the initial performance (90% after 10 years).

« Running costs associated with PV systems are miniiteere are ng
moving parts to service and the installation sholoéd mostly self
cleaning, although likely to benefit from an annwalsh.

« Photovoltaic (PV) systems provide green, renewaptaver by
exploiting solar energy. We can use photovoltai¥)(Panels as an
alternative energy source in place of electricitgngrated from
conventional fossil fuels.

PV panels can last up to 25 years or more, some aimaximum
efficiency loss of 18% only, even after 20 yearspération.

« Unlike wind turbines, Photovoltaic (PV) panels ager autonomous
without any noise generation as they do not inc@goany moving
mechanical parts.

- Panels may be mounted on adjustable rotating bdsish is mounted
on a fixed pole and allows some movement for bettel longer solaf
tuning — turning the solar panel to follow the sun.

172}

Weaknesses « Planning applications required for ground mountgstesns

« Likely that insufficient scope for community profec

« PV systems cost in the region of £2,500 - £5,00kpeinstalled

« ltis likely that the inverter will need to be rapkd at least once over
the lifetime of the panels.

e The feasibility depends on the location

« Perhaps the biggest disadvantage of Photovoltai§ fanels is their
limited efficiency levels; compared to other renblgaenergy sources
— such as solar thermal — PV systems have a relatiow efficiency
level ranging between 12-20%.

« Photovoltaic PV panels produce direct electric eéntrrwhich must be
converted to alternating current (AC) before it cha used fo
consumption (either to be transferred to the pogvit, or directly for
own consumption). To convert DC to AC, PV panelteys use
inverters, expensive electronic equipment and witkertain
technological limitations,

« Low voltage output or fluctuation in PV electricroent may lead tg
increased waste of electricity since it cannot fa@mdmitted onto the
network (intermittent output).

« Solar Photovoltaic (PV) panels’ main disadvantagehat it delivers
only in direct sunlight and it cannot store excasmounts of produce
energy for later use. This is particularly impottavhen energy i
needed for the night when there is no sunlight drenv weathel
conditions are fluctuating

«  Structural surveys required for roof mounted system

« Paybacks around 15-20 years

174

|

Opportunities « Potential for individual properties to benefit froefectricity bill and
carbon savings and FIT
« Highly visible and good promotional tool

20 Bute Renewable Energy Project. Renewable Energsilsity Study for Towards Zero Carbon Bute
http://www.greenenergysavingtips.com/pros-and-euffighotovoltaic-pv-panels-solar-energy/
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- Potential installation work for local businesses
« A typical 4kWp solar PV system would be expectedjeoerate in the
region of 3,000 kWh per year of electricity andréfere save 1.57
tonnes of CO2 in replacing grid generated eledyrici

*  Atypical 2kWp PV system will comprise 8-10 panéépending on the
panel size, and occupy around 14m2 of roof space

» Reduce our impact to the environment by reducin@ €@issions intg
the atmosphere.

- With respect to operating costs and maintenances,céhotovoltaic
(PV) panels, unlike other renewable energy teclgiek) require
minimum operating or maintenance costs; just periiog some regulaf
cleaning of the panel surface is adequate to kbem toperating at
highest efficiency levels as stated by manufacsisgrecs.

By maintaining relatively small power generationat&ins in a
distributed power network, we can minimize energgsks in the
network that are caused by the long distance betywewer generation
and power consumption points

»  One of the most important advantages of Photow(RaV) systems is
actually inherited by all solar energy systems @mayal; solar energy
peak power generation usually coincides with pestgy demand

e Their high popularity has been driven on one hagdthe ease o
installation and use and, on the other hand, byatimh in PV costg
(PV investment and installation) driven by industnmaturity of PV
technologies. In the recent past, prices of Phdtaieo(PV) systems
have witnessed a drastic decrease bringing thédost around $1 tg
$1.3 per PV watt installed (cost for complete PYsldgment)

» Wide location possibilities: Roof tops, PV pandidailding facades of
through incorporated systems for PV on window glass

» Solutions promoted by financial institutions (bankkrough green;
power financial incentives and green-projects.

174

Threats « Solar PV energy is very subsidized in many Europeauantries.
Recently Spain and Germany, have drastically ceir tsubsidies
because they were unaffordable and unworkable. Sxperts believe
that alternatives to fossil fuels will be developédt they will only
work if they are affordable. Wind and solar aremhd that isn'
changed by shifting the costs from consumers amdymers to the
taxpayers.

» Obsolescence equipment are expensive to eliminate
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Strengths - Efficient energy source: It only takes a small antoof flow (as little
as 8 litres per minute) or a drop as low as oneran&t generate
electricity with micro hydro. Electricity can be ldered as far as a
mile away to the location where it is being used.

« Reliable electricity source: Hydro produces a ammtius supply of
electrical energy in comparison to other small-scaknewablg
technologies. The peak energy season is duringwih&er months
when large quantities of electricity are required.

« No reservoir required: Microhydro is considereddnction as a 'run
of-river' system, meaning that the water passimgudgh the generatq
is directed back into the stream with relativelitldi impact on the
surrounding ecology.

« Cost effective energy solution: Building a smalésc hydro-power
system can cost from €1,000 - €20,000, dependingitenelectricity
requirements and location. Maintenance fees arively small in
comparison to other technologies.

=

Weaknesses « Running costs will be dependent on the type of seheoff-take and
turbine used. As a minimum the components of these will require]
regular inspection and annual serving of the tebin

- Suitable site characteristics required: In ordetate full advantage of
the electrical potential of small streams, a slitakite is needed.
Factors to consider are: distance from the powercsoto the locatior]
where energy is required, stream size (includiogftate, output and
drop), and a balance of system components - invelatteries,
controller, transmission line and pipelines.

« Energy expansion not possible: The size and flognwdll streams may
restrict future site expansion as the power denmacréases.

«  Low-power in the summer months: In many locatiomeasn size will
fluctuate seasonally. During the summer monthsetheitl likely be
less flow and therefore less power output. Advanpkthning and
research will be needed to ensure adequate eneggjrements are
met.

« Environmental impact: The ecological impact of drsahle hydro ig
minimal; however the low-level environmental effechust be taken
into consideration before construction begins. &trewater will be
diverted away from a portion of the stream, andpraaution must b
exercised to ensure there will be no damaging impacthe local
ecology or civil infrastructure.

D

Opportunities - Power for developing countries: Because of the ¢oat versatility and
longevity of micro hydro, developing countries camanufacture and
implement the technology to help supply much neeeledtricity to
small communities and villages.

« Integrate with the local power grid: If your siteoduces a large
amount of excess energy, some power companiesugilback your
electricity overflow. You also have the ability sapplement your levell
of micro power with intake from the power grid.

« A constant supply of electricity

«  Savings on the cost of buying diesel for diesel @@a generators

« Low environmental impact

» Low noise and air pollution

21 Bute Renewable Energy Project, Renewable Energsilfibty Study, for Towards Zero Carbon Bute. Noywn 2011
http://wiki.answers.com/Q/What_are_the_advantaged disadvantages_of_using_micro_hydro_water_wheels
http://www.enggpedia.com/civil-engineering-encymdia/dictionary/dams/1740-benefits-of-micro-hypesject
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- Does Not Potentially Cause The Submerging Of Fbkgstultural
Land, Reservoir Enlargement, Residential RelocaBorseismological
Threats.

»  Coupled with reforestation in the water catchmearesa, the project
also aims to reduce the risk of flash floods inrge¢a come.

» Energy In Remote And Hilly Areas Where Extension@fd System
Un-Economical

»  Small Scale Irrigation

Threats e Planning permission will be required for the instbn of a hydro
scheme.

« Few sites have suitable watercourses for the dpueat of micro-
hydro within their boundary or under their ownepshi
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Strengths « A 5m2 solar thermal system cost around €5-6,009uding a new hot
water cylinder with solar coil.

« 5m2 of solar collector could be expected to pro\dge50 kWh of hot
water per year (mainly during summer months).

«  Hot water throughout the year: the system workgesdlr round, though
is needed to heat the water further with a boileimamersion heatef
during the winter months.

- Cut carbon footprint: solar hot water is a greemewable heating
system and can reduce your carbon dioxide emissions

- Maintenance costs for solar water heating systemsyanerally very
low.

+ Most solar water heating systems come with a fiearyor ten-yea
warranty

- Different types of collectors are available, whiofakes integration
flexible for different building types

Weaknesses e Savings are moderate - the system could provide ofdbe hot watef
in the summer, but much less during colder weather.

- May not have as great of performance in climates dlo not receive a
lot of sunshine

- Tank takes up more space than tank-less unitscdmparable to (of
slightly larger than) "normal” tank type units

« Higher upfront cost for equipment & installation

« High initial cost

« Payback: depends on the climate zone.

Opportunities « Solar thermal panels require minimal maintenandthoagh may
require periodic cleaning to ensure optimal perfamoe. An annual
service is recommended alongside the main heaystgrs.

e CO2 savings Tones pa: 1 ton per m2

e Typical carbon savings are around 230kgCO2/yeamwhplacing gas
and 510kgCO2/year when replacing electric immerhieating.

«  Tax credits help lower upfront cost, and thereddten local incentives
that also help offset part of the initial investrhen

« Use the free energy of the sun to heat your water

« They are friendly to our environment since usedbkar energy as the
source power and don’t produce CO or CO2. Solieasonable if we
call them as 100 percent of the clean heating tdolgy.

« Use them optimally during winter season with thghtisystem. Therg
are some popular systems that are based on thatelim

- Financial incentives, especially if you live in Gala, USA, and somg
European countries.

1%

Threats « Tank can produce a significant amount of heattstocation will need
to be planned accordingly

e They cannot be combined with radiators

- Outdoor units that get the direct sunlight or otlkestreme weathey
require more maintenance and should be checkeddiezily.

22 Bute Renewable Energy Project, Renewable Energsilkity Study for Towards Zero Carbon Bute. NoveanB011
http://www.energysavingtrust.org.uk/Generating-ggAthoosing-a-renewable-technology/Solar-waterihgat
http://www.proudgreenhome.com/blog/6277/Pros-emis-of-solar-water-heaters
http://moreheaters.com/solar-hot-water-heater-pratscons/
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Strengths - Catalysts are inexpensive —essentially “free”
« Catalysts are diverse and robust extreme conditafngH, Eh, T,
salinity, etc.

« Catalysts are versatile —single type can use wadiety of substrates

- Catalysts can self repair (proteins, DNA, membraats)

« More than 50 different Shewanella species knownfa8oall produce
current

«  From -4°C to 55°C; wide salinity range. 65 diffarearbon sources

«  Very tough and robust organisms

e If these fuel cells are optimized for usage in teal world, an
extraordinary amount of waste could be divertednfrandfills to
instead produce clean energy.

Weaknesses «  Microbial fuel cells are still in the developmensshge

« It will take about three to five years before th&nobial electrolysis
cell could be economically feasible to use as amgynsource

e Current density is low

- Difficult to run and maintain

»  Sensitive to breakdown and decay

Opportunities - Microbial Fuel Cells have the potential to prodbeat and power very
efficiently with low emissions and noise levels.
« Interest on potential investors

Threats - Stillin an early stage of development, and yearayafrom the market

23 http://www.ee.uconn.edu/SeniorDesign/projects/et@sthllpages/researchpapers/paperVI.pdf
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Strengths « The constant temperature of the earth heats orsdb@l circulating
water loop as needed to balance the building’s-y@and heating-and}
cooling requirements.

« The constant ground temperature provides, by codieeensioning, 4
favourable seasonal performance factor and lomgirtie for the heat
pump;

« A 25t0 40 percent reduction in heating and cootiogts.

« No central system to fail or shut down the entudding.

« Good Energy Efficiency, between 2 and 4.9 times itiput energy|
produced

«  Most Efficient of the 3 types of Heat Pump

« Highly durable piping (the life expectancy is beérne30 and 50 years).

« No high-maintenance, freezing-prone cooling tower.

« No boiler to clean or maintain

« No air conditioning equipment on roof to cause teak

- Standard, simple controls

« No need for a highly specialized chiller technictarboiler operator

« Costs vary from project to project.

- Highly durable piping (the life expectancy is beéne30 and 50 years

«  No risk with transportation, storage, and operation

- Leaks are rare, but the piping system is designenatke it easy to find
and repair a leak.

« Pipes can be grouped in clusters of 20, with eagdtar having its own
valve. Even if a leak occurs, the system will coné to run while one
of the clusters is closed off from the system &pairs.

«  The underground piping often carries warrantie@®mto 50 years, and
the heat pumps often last 20 years or more.

e The GHP systems are installed in a decentralizetinera to fit
individual needs.

*  No harmful chemicals

- No danger of fire, asphyxiation, or explosion frooal, gas, or oil

« No risk of groundwater contaminations

« Emission free operation on-site

Weaknesses «  Will not work in section of building with existingadiators, or othey
type of high temperature heating system

«  Choice of location

« Although the installation costs for geothermal eyss can be highg
than for other less-efficient systems, the costapidly offset by
substantially lower utility bills.

« High Installation Costs

- Take up facility ground space

» Needs supplement to bring DHW to 60 degrees C

=

Opportunities e There is spare ground on site that could be used

- Standard, simple controls.

«  Can be used with Air Conditioning System

« Runs from electrical grid, does not require otlesiource supply

« Low operating costs (no oil or gas purchases, bucoetrols etc. as
with fossil-fueled heating systems);

« The system is emission-free on-site and helpsdoae greenhouse gas
emissions like CO2.

« No central system to fail or shut down the entudding.

« Nothing outside to vandalize or steal.

24 http://geoheat.oit.edu/bulletin/bull25-3/art1.pdf
http://www.tva.gov/products/business/geothermal. ht
http://www.wbdg.org/resources/geothermalheatpupigs.
http://www.esru.strath.ac.uk/EandE/Web_sites/084d6pital/Hospitals%20Website/Swot%20Analysis.html
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« Relative to air-source heat pumps, they are quiddst longer, need
little maintenance, and do not depend on the teatpex of the outside
air.

Threats «  Choice of location

«  Take up facility ground space

» Gas costs are similar 3.5p / 4p per kW
» More developed technologies available
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Strengths » Relatively low installation costs
»« Good Energy Efficiency, between 2 and 4.9 times itimut energy|
produced

» Runs from electrical grid, does not require otlemource supply

- The heat transfer rate from water is far highenttiet in the ground o
air.

- The flow/circulation of the water source providesnstant energy
replacement.

- The use of a water source removes the need ofrdjdgrge trenches,
often reducing the cost of installation compared ground source.

«  The return temperature to the heat pump is ustmdjger than eithe
the ground or winter average air, increasing thePQCoefficient of
performance) of the heat pump.

« Obtained excellent comfort

« High efficiency

» Low operating costs

- Emission free operation on-site

=

Weaknesses e It could have high maintenance costs

« Requires damage protection

«  Will not work in section of building with existingdiators

* Needs supplement to bring DHW to 60 degrees C.

«  Appropriate water-source is needed (ground waitesr,retc.)

Opportunities « There is ariver on site that could be used

»  Can be used with Air Conditioning System

« Water source heat pump systems are among the nifisiers,
economical and environmentally friendly methodshat and coo
buildings.

Threats - May have trouble with river use due to environmkeistsues
e Gas costs are similar 3.5p / 4p per kW
- More developed technologies available

25 http://www.yougen.co.uk/blog-entry/1954/An+introdion+to+water+source+heat+pumps+and-+how+they+work/
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Strengths ) . . . .
* Air as a renewable heat source is accessible audigally unlimited
« Good Energy Efficiency, between 2 and 4.9 times itiput energy|
produced
« Always available and inexhaustible source of heat
e 10 year warranty
« Low Installation Costs than geothermal heat-pump
« Runs from electrical grid, does not require otlesiource supply
+ Can be used for heating, cooling, domestic hot watel swimming
pools
« Emission free operation on-site
Weaknesses «  Will not work in section of building with existingdiators
« Least Efficient of the 3 types of Heat Pump,
« Low efficiency (COP) below 7°C outside temperature
« You can expect them to operate for 20 years or pfweever they ddg
require regular scheduled maintenance.
« A yearly check by you and a more detailed checkabyrofessiona
installer every 3-5 years should be sufficient.
+ Needs supplement to bring DHW to 60 degrees C.
« Noise caused by external unit fan
Opportunities « Can be utilised all year round between +35°C aBdC2
« No requirement for the cost and land area of grawgiléctors
« Boiler room placement should give high efficiency
e Can be used with Air Conditioning System
- Ideal for retro fit applications, especially whemace is limited
Threats « Gas costs are similar 3.5p / 4p per Kw
- More developed technologies available

26 http://www.energysavingtrust.org.uk/Generating-gg&thoosing-a-renewable-technology/Air-source-hratips
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Strengths « A novel future of the proposed approach is using f@ered Hea
Pumps, which are more efficient than AC-poweredtHReamps

- Can utilize renewable energy sources directly.

« Itis very clear that renewable energy DC power@ddyistem is much
more energy efficient than the classical heat paygtem.

e The strongest part of the DPHP materials is lofifgdong period since
these materials are used at exact cooling or lgedémand

» It provides a variable frequency drive that alloW®e system tg
dynamically adjust its capacity based on conditions

» There is no loss associated with converting DC pdvesm renewable
sources into AC power to run a standard air cook.

- It avoids the inefficient addition of an "invertetfiat converts solar DC
current into AC current.

e It can greatly reduce energy consumption, and rith wuper low
noise.

« Relatively low installation costs

Weaknesses - Limited capacity (such as >10 kW) of the availablé compressors.
» Not suitable for big buildings where multiple socesaf water might be
used simultaneously

Opportunities » New product in existing market

»  Used with any kind of renewable sources

» Low maintenance costs

» Can offer cooling and heating as base supply, liaduthe usages o
the conventional HVAC systems with significant enereductions.
This system can avoid batteries, which usuallyreeded for buffering
DC power.

—=

Threats « Users have no experience
- Itis still in development stage in order to obthigher capacity DQ
powered Heat Pumps.

2013-27-13
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5.2.3 Combined Heat and Power

Strengths « Low maintenance (in theory no more than a boilel tb hermetically
sealed unit.

« Low noise (constant rather than pulsed combusticaljhough
vibrations must be controlled.

» The noise created by a Stirling engine is conslugrkess than othey
technologies due to the low number of moving pants the absence
internal combustion.

«  Low emissions.

« High overall efficiency

« Electrical efficiency: 10-25%

- Power/heat ratio: 1:3 - 1:8

«  CHP efficiency (%) based on gross calorific value:to ~ 90

- Multi-fuel capability (external heating), includirsplar and biomass.

- Stirling engines can run directly on any availab&at source, not just
one produced by combustion, so they can run on fieat solar,
geothermal, biological, nuclear sources or wast frem industrial
processes.

» A continuous combustion process can be used tolysigat, so those
emissions associated with the intermittent combuasprocesses of
reciprocating internal combustion engine can beced.

« Some types of Stirling engines have the bearingssaals on the coq
side of the engine, where they require less lubtiead last longer tha
equivalents on other reciprocating engine types.

- The engine mechanisms are in some ways simpler tiher
reciprocating engine types. No valves are needed, tae burnef
system can be relatively simple.

» A Stirling engine uses a single-phase working flwttich maintains ar
internal pressure close to the design pressure ttarsdfor a properly
designed system the risk of explosion is low. Imparison, a steam
engine uses a two-phase gas/liquid working fluid, & faulty
overpressure relief valve can cause an explosion.

« In some cases, low operating pressure allows tleeofidightweight
cylinders.

e They can be built to run quietly and without an simpply, for air-
independent propulsion use in submarines.

e They start easily (albeit slowly, after warm-up)damun more
efficiently in cold weather, in contrast to theamal combustion which
starts quickly in warm weather, but not in cold tiest.

» They are extremely flexible. They can be used a® ¢¢dmbined heat
and power) in the winter and as coolers in summer.

»  Although the consumption of gas will be slighthgher, energy costs
will be lower because the micro CHP provides fauastantial part of
the electricity demand. The remaining electricitgnthnd is simply
taken from the net.

e Micro CHP’s reduce CO2 emissions and can be cordbini¢h other
sustainable technologies like solar boilers orrsoddls.

=

[

0 =

Weaknesses « High heat-to-power ratio — therefore unsuitable fiauseholds with
very low heat demands.

27 FORESIGHTING REPORT. Microgeneration Investigating global market for microgeneration and oppotiesifor Scotland to
commercialise related technologies. 31st March 2006
http://fen.wikipedia.org/wiki/Stirling_engine
http://www.one-stop-shop.org/sites/default/fil&MM_21_25 Micro_CHP_with_Stirling_engine.pdf
C.M. Hargreaves (1991)
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e Length of start up time.

- High mass as thick walls needed due to higher pressf working
fluid

» Stirling engine designs require heat exchangerhéat input and for
heat output, and these must contain the pressutfeeofvorking fluid,
where the pressure is proportional to the engineepooutput. In
addition, the expansion-side heat exchanger isnoéte very high
temperature, so the materials must resist the siwgoeffects of the
heat source, and have low creep.

e The materials and assembly costs for a high ternyreraheat
exchanger typically accounts for 40% of the totajiee cost.

- All thermodynamic cycles require large temperatdiféerentials for
efficient operation. This means that the metalkeajrequirements fof
the heater material are very demanding.

» Dissipation of waste heat is especially complicdiedause the coolan
temperature is kept as low as possible to maxithigemal efficiency.

» It can sometimes require additional mechanisms.

»  Micro CHP’s are still in the “early adaptors” phasgeaning that price
are still relatively high and that the systemssdilebeing adjusted.

—

Uy

Opportunities »  For arange of fuel sources such as natural gas)dsis or solar energ
This energy source flexibility is one of the ungery advantages o
Stirling engines.

« Because they are fairly compact, micro CHP’s casilyhe placed or
the spot of the old central heating system. Theyatso easy to connegt
to the existing heating and hot water installation.

« As technology continues to improve, fuel pricestouare to rise ang
“green” energy continues to gain more momentum.

—_ =

Threats «  Their cost and electrical efficiency still needo®improved.
» Many challenges such as cost and lack of governpelity standing
in its way.

«  The pollutants released from the system are am iaad therefore can
be regulated by environmental agencies
Its drawbacks make it not very desirable for potdmvestors.
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Strengths »  No maintenance costs for some products under dewvelot.
»  Typically comprise low cost components, most of eihhave prover
reliability.

» Low noise and emissions.

- High overall efficiency.

« Electrical efficiency: 9-18%

e Power/heat ratio: 1:4 — 1:9

«  CHP efficiency (%) based on gross calorific value:to ~ 90

« They are considered due to their relative simpli¢low production
costs) and known durability and performance charéstics.

»  The advantage of the Rankine cycle is that the ingrituid is a liquid.
Many times this liquid is water, which is a cheayl aeadily availablg
resource.

Weaknesses » High heat-to-power ratio — therefore unsuitable fauseholds with
very low heat demands.

» Low electrical efficiency

- Compared to other technologies, the Rankine cyudgnes have one gf
the lowest electrical conversion efficiencies.

- The thermal efficiencies of most other competinghtelogies are als
higher than that of the Rankine cycle engines.

O

Opportunities - Interest on potential investors

Threats « Rankine cycle engine technologies for m-CHP ardl sthder
development

- Few information about potential costs of small-ec®ankine cycle
units for m-CHP

28 http://microchp.msstate.edu/pdf/m-CHP%20Instructi®20Module.pdf
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Strengths « High electrical efficiency under varying load.

« Electrical efficiency: 28-45%

« Power/heat ratio: 1:1 — 1:2

« CHP efficiency (%) based on gross calorific valug:to ~ 85
e Low emissions

- Low noise: no moving parts (except fans).

Weaknesses « Complexity of design - requirement to reform natugas (some
developers will use internal reforming) and investefor power
conversion.

« Likely lower overall efficiencies compared to sowgher micro-CHP,
technologies.

« Significant remaining challenges to demonstrateepiable lifetime,
reliability and competitive cost for micro-CHP ajgjaktions.

Opportunities «  Fuel cells have the potential to produce heat awaep very efficiently
with low emissions and noise levels.
« Interest on potential investors

Threats « Still in an early stage of development, and yearayafrom the market

29 http://iwww.hydrogen.energy.gov/pdfs/11016_micro_dapget.pdf
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Strengths - Internal combustion (IC) engine systems are thet magure of all the
Micro-CHP technologies.

+ IC systems are sensitive to both low and high weteperature

«  The electrical output of IC engine Micro-CHP isatilely high and in|
the range of 20-25%.

Weaknesses - Engines in practice produce relatively high emissias well as noise.

« High maintenance cost

« High level of noise and gas emissions.

e The engine lubricating oil must also be changedueatly.

« Due to their relatively large size and their levels/ibration and noise
while operating, IC engine Micro-CHP systems arestmsuited to
small commercial applications where they can batkd in a plant
room alongside additional heating equipment.

Opportunities « They are viable for residential community heatiitgagions where a
central system provides for the needs of multipkeelings and is
located away from living areas.

Threats e ICs are more often used in small commercial premeed in large
residential developments such as care homes.

«  Operating hours in the range of 3,000 to 6,000yper are required in
order to maximise the economic viability of thetsys.

30 http://www.carbontrust.com/media/77260/ctc788_michp_accelerator.pdf
http://www.ieadsm.org/Files/Exco%20File%20Libratgy%20Publications/micro-CHP_Final.pdf
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Strengths CHP WITH NATURAL GAS

« CHP system is technologically and economically prov
« Technology can be applied to all scales

e Greenhouse Gases are reduced

- Technology can be retrofit

« As an existing technology, it can start reducindoa emissions today

CHP WITH BIOGAS
» AD & CHP technology is technologically and econoatiiz proven
»  Technology can be applied to all scales
» Greenhouse Gases are reduced
- Technology can be retrofit
- Biogas can be used in duel-fuel engines with mihimadification
» As an existing technology, it can start reducindoa emissions today

Weaknesses CHP WITH NATURAL GAS

e CHP markets are in an early stage of developmesaiime countries
- The most efficient application is for district hiegt networks

- Noise

CHP WITH BIOGAS
« AD & CHP markets are in an early stage of developnie some
countries
»  The most efficient application is for district hieat networks
» Biogas is explosive and needs to be stored cayefull
- AD process can be quite slow at start up and stwrhd
- Biogas requires scrubbing treatments to make lea@ancfuel

» Noise
Opportunities CHP WITH NATURAL GAS
e CHP can help deal with the waste, heat and enespds of any
country

CHP WITH BIOGAS
* AD & CHP can help deal with the waste, heat andgnaeeds of any
country
» Biogas CHP can contribute toward the Part L RenésgaDbligation
» Biogas CHP could enhance local community stewapdshi
« Increases in landfill tax will make AD more appegli
- Waste anaerobically digested can help towards iladdfersion targets

Threats CHP WITH NATURAL GAS

« CHP has strong dependency on Gas prices are riaytany stable

« Natural Gas is a finite resource and as a resllinei be a completely
long term solution as more usage such as CHP v dip costs

CHP WITH BIOGAS
» Competing against a wide range of more well-knowd astablisheq
technologies
«  Public perceptions of energy from waste currentgm
» Potential public opposition to AD plants
« Waste processed by AD does not currently count rdsvdocal
authority targets

31 http://www.sokratherm.de/htcms/en/our-compact-chitsul/natural-gas-chp-units-1.html

http://www.clarke-energy.com/gas-type/biogas/
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5.2.4 Storage and Distribution

Strengths e Toreduce utility bills - largely through peak-shay

- Toreduce equipment size, space and weight

» To reduce compressor kW due to operating at moueshat full load
and at nighttime lower condensing temperatures

» Availability of cold air distribution when ice issaed

» Possible backup cooling or heating redundancy iantewf power
failure

«  When chilled water storage is used, availability asf added fire-
protection water source.

THERMAL ENERGY STORAGE WITH SUPERCRITICAL FLUIDS:
- Energy storage at both moderate (100 — 200 °Chagid(300 -550 °C
temperatures.
«  Supercritical storage enables high volumetric epdensity.
» It can be used in different applications such asABV& Humidity
control systems

Weaknesses » May increase first cost of HVAC system

«  More complicated system design

» Requires well-trained maintenance crew

- Possible ambient heat gain to storage tanks

«  Specifying engineer has little incentive to uset @®sts more to desig
and the firm may have little or no experience wita technology.

=)

THERMAL ENERGY STORAGE WITH SUPERCRITICAL FLUIDS:
e Supercritical fluids have not been fully exploredr fheat-transfe
applications
«  Existing data about supercritical fluid properti@éimited
» It needs further development before it is readyufes
» The final product may increase fabrication cost aratket price of the
final product

Opportunities «  The utilities can gain from reduced peak use, impdoload factors
added off-peak sales, deferred peak-capacity eig@ansosts, and
improved competitive position over gas-fired altdives.

THERMAL ENERGY STORAGE WITH SUPERCRITICAL FLUIDS:

e This technology is intended to increase energyitlehg over a factor
of two compared to the two-tank molten salt system.

»  Supercritical fluid used for energy storage mayucedthe cost of the
system by 70% compared to state-of-the-art solation

»  Further development of this technology may allowviling energy
when needed by local utilities.

» Tanks with cost-effective small storage footpriotr fsolar therma
applications

17

Threats - Some of the threats include night-time loads gre#tan planned
insufficient storage provided so on hot days demanadot saved
improper controls supplied, operator inattention anskilled,
condensation on ducts with low temperature supplyvaen a fan ig

32 Press release, U.S. Department of Energy, “Segr@au Awards $9.6 Million for Transformational EggrResearch Projects,”
Advanced Research Projects Agency — Energy, S@p2Qll0: http://arpa-e.energy.gov/Media/News.asprid=23&vw=1

2013-27-13 7



EcoShopping e D2.1 Assessment of national building codes, EPBD implementation and standards identified.

Page 60 of 113

out of service.

THERMAL ENERGY STORAGE WITH SUPERCRITICAL FLUIDS:

The investment for the development and commereitiin of such
systems may not be worth for the next 5 years

People may be afraid of using new technologiesesihey do not fully
understand how they work

Some of the required systems to achieved the stifieat states may

not be compatible for its application on buildirdyge to their size

2013-27-13
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Strengths e Thermally activated hub

« Modular, scalable, distributed cooling and heatimbuildings

«  Working fluids with zero Global Warming Potenti@\(VP)

e Can use diverse sources (combustion, low-gradeewhstt, sola
energy)

» Reversible operation enables space cooling andnigeatoupled with
water heating

» Long-term equivalent Coefficient Of Performance @02.5-8.3

» Reduction of primary energy consumption by as naxb0%

»« System enables changing capacity to meet desigmsnsenple
changing the number and dimensions of the intdezdlres.

Weaknesses « Under development funded by the US government g27865)
- Itis not currently available in the market andréfere there is a lack gf
knowledge on its cost
« In the case of a building retrofitting it will ree a great investment ip
order to adapt the utilities for the HUB use

Opportunities »  Significant size reductions over previous absorptiooling efforts

» High COPs: integration of AC/Heating/Water Heating

»  Monolithic packaging offers small fluid charge,Ailele placement andl
reduced labour

Threats »  The investment required for the use of the systélireguire to act on
other systems and stakeholders may not be wilbrgssume that extria
cost.

e The primary energy consumption reduction may noadigeved due t(
its dependence on building occupants habits andygre@nsumption

33 http://arpa-e.energy.gov/?g=arpa-e-projects/infieganiniaturized-heat-pumps-buildings
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Strengths - Radiant heating/cooling system is a very efficieméthod of hea
transfer, which in turn keeps fuel costs at a mimm

e The portion of heat radiation is responsible beeail® convective
portion of heat release is very low, so the netgssitempering the
ambient air directly is not required anymore.

- The flow temperature of surface heating systemsoisespondingly
lower compared to convective systems.

« Another advantage of the radiant heating/coolingtesy compared t
the convective system is the reduction of the trassion losses of
heat.

« Radiant system is an efficient delivery solutionewhcompared tq
small vents or radiators that try to blast enoughthinto a room tg
warm it up.

« No space is required in order to heat up rooms.

« Can be installed under any type of flooring, waltel ceiling.

< In many cases, the first cost of installation catually be lower wher
all design impacts are taken into account.

« It allows room by room temperature control, allogvimore heat wher
you want it most.

« Better indoor air quality (because ventilationiainot recirculated angd
there are no wet surface cooling coils, therebyicedy the likelihood
of bacterial growth).

« Better user comfort, even at room temperatureseclts outside ai
temperatures, than is possible with convective speanditioning
(because radiant heat transfer is direct and fhext-also, virtually ng
noise is associated with space conditioning).

- Lower maintenance costs (because of inherent sysieplicity—no
space conditioning equipment is needed in outsiddlswand &
common central air system can serve both interiod @erimeter|
zones).

O

1%

Weaknesses « Radiant system requires controls in order that plamels operats
effectively and efficiently.

« These controls require maintenance on the actuators

« Radiant heating/cooling system has a very slow tpateriod of 5 to §
hours. This means that careful monitoring must taleee in order td
ensure that the controls are set up correctly teramme this
disadvantage.

« There are very few installations of this technology

« Condensation: When cooling building surfaces beline ambient
temperature, one always runs the risk of condemsdtirming, with all
the associated building damage, mold growth, anshso

« Lower system capacity: Radiant cooling may not lbactical with
particularly high cooling loads.

1%

Opportunities e Possibly smaller sizes of chillers and boilers éuse delivery
temperatures are closer to room temperatures).
Threats « Higher first cost: In some cases, first cost mayhigher than an air

system, because of the cost of the panels and phgmib this is more
than the savings in pump, ducting, and fans, th& fiost could be
higher.

34 http://www.healthyheating.com/Radiant_Mythology/Red_Floor_Heating_Myths_.htm#.UxXIdOOvuzk
http://www.oregon.gov/ENERGY/CONS/Pages/res/tagiRat.aspx
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5.2.5 Cooling technologies

Strengths «  Lower operating costs and higher efficiency

« One main reason for the growing use of absorptidhecs has to dg
with the fact that fluorocarbon-based refrigeranike CFCs
(Chlorofluorocarbons), which are used in compressimen chillers,
are harmful to Earth's ozone layer.

» Safe operation

» Reliable, low maintenance

«  Smaller footprint than an electric chiller with leoi

- Effective for heat recovery applications

- Initial costs quickly offset by energy savings

- Sizesranging from 5 to 1700 tons are readily abal today.

- The quiet, vibration-free operation of absorpti@moling makes it ar
ideal choice for buildings.

- It's simplicity of design assures high reliabilpd low maintenance,
making it an excellent option for critical coolingeds.

Weaknesses »  Absorption chillers are inherently less efficiehah compressor-drive
chillers, primarily because water is a less effitieefrigerant than
fluorocarbon-based refrigerants.

« This lower efficiency necessitates larger composienhaking
absorption cooling systems larger than electrilarhsystems of equal
capacity.

- Absorption chillers have a higher first cost théactic chillers.

=)

Opportunities A recent innovation that is improving efficiency the two-stage
absorption process. Two-stage absorption chilldfscively use a
given quantity of heat energy twice in the absorptcycle, making
them up to 45% more efficient than chillers froratja few years ago.

«  Absorption cooling is particularly suitable to bgipackaged with a
cogeneration system, which provides the heat ne¢degower the
cooling system

» Natural gas absorption systems are available asl-stione chillers o
chiller/heaters.

Threats e Their size — weight, as well as their requirementt larger cooling
towers. Absorption chillers are larger and heae@mmnpared to electri¢
chillers of the same capacity.

35  http:/iwww.gasairconditioning.org/absorption_adweayes_applications.htm
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Strengths « New system based on Nano engineered membraneslow &r
enhanced heat exchange that reduces bulkiness

- Compact refrigeration system that allows for cheapel more reliable
use of Adsorption Refrigeration Systems (ARS)

« Independency from electricity supply by the usepoiver obtained by
natural gas combustion, solar and waste heat

Weaknesses « It is only considered as an independent system whaste heat ig
available.

« In the case of using alternative energy sourcesateanot waste heat,
the product may not be cost-efficient

Opportunities - Inexpensive high performance refrigeration in binidg that reduce
reliance on fossil fuels

« Reduction of electricity demand that can be covegdthe use of
renewable energy production systems such as solegrp

« Reduction on the overall consumer costs especvdtly regard to the
energy bill

Threats « Because of their size and sensitivity to disrumjoradsorption
machines could hardly penetrate the market

« Needs strong market research in order to make cuits viability in
the sector.

36  http://arpa-e.energy.gov/?q=arpa-e-projects/mengsbased-absorption-refrigeration-systems
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Strengths « Estimated cost for installation is about half tbatcentral refrigerated
air conditioning

- Estimated cost of operation is 1/4 that of refraged air.

« Power consumption is limited to the fan and watemp. Because th
water vapour is not recycled, there is no compiresisat consumes
most of the power in closed-cycle refrigeration.

- The refrigerant is water. No special refrigerargsch as ammonia,
sulphur dioxide or CFCs, are used that could béctexpensive tg
replace, contribute to ozone depletion and/or Hgest to stringent
licensing and environmental regulations.

« The only two mechanical parts in most basic evapaaoolers are
the fan motor and the water pump, both of whichlmamepaired at lov
cost and often by a mechanically inclined homeowner

« The constant and high volumetric flow rate of &irough the building
reduces the "age-of-air" in the building dramatical

- Evaporative cooling increases humidity. In dry dies, this may
improve comfort and decrease static electricitybpgms.

- The pad itself acts as a rather effective air rfiltghen properly
maintained; it is capable of removing a varietycohtaminants in air
including urban ozone caused by pollution, regasllef very dry|
weather. Refrigeration-based cooling systems loiseability whenever
there is not enough humidity in the air to keepdkaporator wet while
providing a constant trickle of condensate thathgasout dissolved
impurities removed from the air.

D

Weaknesses « Itis also more expensive to maintain, particulatlying cold weathey
and winter, because it can easily freeze burst.

« Another disadvantage to using a swamp cooler isthigaair it gives off
is very humid, at around 80% to 90%. It is therefoot very advisable
in high-humidity environments because it will eugadty corrode your
electrical systems and moisten surfaces.

« High dew point (humidity) conditions decrease tlo®ling capability
of the evaporative cooler.

« No dehumidification. Traditional air conditionergmove moisture
from the air, except in very dry locations whereimaulation can lead
to a buildup of humidity. Evaporative cooling addsisture, but in dry
climates, dryness may improve thermal comfort ghér temperatures,.

«  The air supplied by the evaporative cooler is tafhjc80—-90% relative
humidity; very humid air reduces the evaporatiae & moisture from
the skin, nose, lungs, and eyes.

- High humidity in air accelerates corrosion, patgely in the presence
of dust. This can considerably shorten the lifeelefctronic and other
equipment.

- Evaporative coolers require a constant supply dém@ wet the pads.

- Water high in mineral content will leave mineralpdsits on the pads
and interior of the cooler. Depending on the typd aoncentration of
minerals, possible safety hazards during the reptent and waste
removal of the pads could be present. Bleed-offrefil (purge pump)
systems may reduce this problem.

« The water supply line may need protection againsézZe bursting
during off-season, winter temperatures. The coialf needs to be
drained too, as well as cleaned periodically aredpédds replaced.

37
http://www.streetdirectory.com/travel_guide/3251ditte_improvement/the_truths_about_swamp_coolers ytbat really_need_to_
know.htmlhttp://www.coolmax.com.au/evaporative-éogladvantages.htm
http://fen.wikipedia.org/wiki/Evaporative_cooler
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e Odors and other outdoor contaminants may be blatemthe building
unless sufficient filtering is in place.

« Mold and bacteria may be dispersed into interiar fadom poorly
maintained or defective systems, causing Sick Bgl&yndrome

» A sacrificial anode may be required to prevent egi@ evaporative
cooler corrosion.

» Wood wool of dry cooler pads can catch fire eversimall sparks.

Opportunities «  Some people prone to allergens find the wet af ilegating

Threats « A swamp cooler is also not advisable if you havthraa because
pollutants and other microbes from outside mightbb@vn into the
room if it has not ample filtering.

« Asthma patients may need to avoid poorly maintaieedporative
cooled environments.

« High humidity in air may cause condensation of watéis can be a
problem for some situations (e.g., electrical emépt, computers)
paper, books, old wood).

2013-27-13

m SEVENTH FRAMEWORK
PROGRAMME



EcoShopping e D2.1 Assessment of national building codes, EPBD implementation and standards identified. Page 67 of 113

Strengths « Demand Reduction: varies with climate, refrigeraarid outdoor air
system configuration; typically 25 — 50%, or 0.23t50 kW/ton rating

« Energy savings obtained through blower speed adgrsts; typically
400-1300 kWh/ton-yr

- Extends equipment life due to favourable compressperating
conditions

« Increases capacity and efficiency of existing emapt

- Societal: distributed generation, climate changles]

Weaknesses « In Direct evaporative condenser cooling: condenseil damage,
system maintenance

« In Indirect evaporative ventilation air pre-coolirigdirect coil freeze-
up, inadequate vent air flow

Opportunities « Does not require the implementation of major eq@ptpieces on th
roof.

« Uses least parasitic power and does not invadigeednt lines

« Itis animportant low cost alternative.

« Flexible and secure installations

- Standardization of designs

D

Threats + No R&D development support which implies slow evmn of design
improvements

- If only small companies are involved in the devetemt of this syste
it may be possible that no further development talle place ﬂ!\

38 http://www.cacx.org/meetings/meetings/2011-06-0&%D&vap_Cooling_CCC_060911.pdf
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Strengths - The technology reduces regeneration energy by upOfh and by
means of cooler supply air the need of post coatiaug be reduced by
up to 70%.

« Improved indoor air quality

« Desiccant loading > 75%.

« More than five different types of desiccant wheelach with distinct
absorption characteristics to meet the needs afpgllications

e Modular Units provide different implementation apts

« Reduction of the mechanical cooling load, allowthg use of smaller
chillers and possibly even smaller ducting in n@mstruction.

« Corrosion protection

- Condensation control

« Mold and mildew control

Weaknesses « Applications where there are limited or not on-gjtelified operating
personnel.

« It is not suitable for applications that do not uigq extremely low|
humidity (less than 40% relative humidity)

- There may be other methods that may be better @nd economical tq
achieve the required humidity levels in places whexternal energy i
not required for reheating

"2

Opportunities - It could be installed in hospitals, retail fac#éi$i, supermarkets, office
buildings, clean rooms, industrial sites, and otdehumidification
applications

« Used with direct or indirect fired gas, electricahesteam, and haqt
water regeneration.

« Independent control of latent loads in the vernitlagir.

« It will virtually eliminate the growth of mold, ndlew, and bacteria.
The combination can reduce maintenance and help amdoor air
quality problems.

- Lower humidity levels in occupied spaces provideieajent comfort
levels at higher ambient temperatures. This coll@vachilled water
set-points to be raised and there-by save enerdyreduce system
operating costs.

Threats « High implementation costs

« Increased maintenance necessities for the newadesiequipment

« Cost of energy (usually natural gas) to regenetla¢edesiccant at a
high temperature to drive off the entrained mogstur

« In some cases, the need for cool water piping ke the adsorption
heat and precool the heated air from the desicgatd

39  http:/iwww.novelaire.com/desiccant-dehumidificatisheels.html
http://www.munters.us/upload/Case%20studies/Dedification%20Units%20and%20Systems. pdf
http://cipco.apogee.net/ces/library/tdds.asp
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Strengths - Improves state-of-the-art cooling technologies biii@ving a produc
that does not have noisy moving parts or pollutefgigerants

« Use of advanced semiconductor technologies thatawepsolid state
cooling systems by using appropriate thermoeleotaterials

« New design displacing compressor-based technologiaproving
reliability and decreasing energy usage

« Less material use facilitates cheaper production

Weaknesses « Under development funded by the US government ¢5114.8)

« It is more suitable for its application on Hospstammedical offices or
research laboratories.

«  Only a limited amount of heat flux is able to besipated

Opportunities + Replacement of typical air conditioners that usgoust compression t
cool air

- Cost-efficient system that can provide final useith significant cost
savings on their energy bills

« Non-pollutant air conditioning system accounting feductions up tg
10%-20% of global warming by 2050

« Energy efficient system decreasing overall enemgyahd and relianc
on fossil fuels

A=

)

Threats « It may be relegated to applications with low héax.f

« It is possible that the system may not reach thpeeted energy
efficiency behaviour in terms of coefficient of flmmance

« It is a very uncommon technology and their behavion buildings
may not work as expected

40 http://www.osti.gov/scitech/servlets/purl/1046674
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Strengths « Independent from electricity supply

»  Significant improvements in materials that adsaguitls or gases (3
times higher refrigerant capacity and up to 20 sirfasster kinetics tha
adsorbents used in current chillers

e Chillers smaller than state-of-the-art solutionghwiwice the energy
efficiency

- It can be powered with waste heat or through a ection to a sola
energy source

=)

Weaknesses e Previous low energy efficiency and bulkiness duethe limited
sorption capacity of the adsorbent material

» Increase on the common assembly times

» High costs due to expensive materials needed fosyktem

Opportunities » Reduces pollutants from the combustion of fossél§u(CO, NOX,
SOX, Hg, Pb, Benzene)

» A negative impact from chillers on water, may bemome

»  The system does not require a waste disposal

» There are not toxins produced in the operation anufacture of
adsorption chillers

Threats - The system may not result in cost and even eneffggieacy in the
case of not being able to use a renewable sourcenefgy, and
therefore another installation is needed.

- It may be less efficient than modern heat pumpsrbest or absorbent
chillers

41 nttp://arpa-e.energy.gov/?q=arpa-e-projects/kiffisiency-adsorption-chillers
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Strengths « Reverse Cycle Chillers (RCCs) are a form of aiwgtter heat pumy
technology that can produce hot water nearly thtieges more
efficiently than electrical water heating.

« Maintenance reduced cost with regard to the wadatihg system.

e The modular design of the system allows multiplé&suto be piped
together in order to achieve essentially any siael |

« One of the great advantages of Reverse Cycle Clifstem is that i
can use up to 10% fewer kw/hour when compareddgecthermal heat
pump.

e The modular design allows using multiple modules fdaging,
redundancy, and load sharing for facilities fronD30 6,000 squar
meters.

« Unlike ground source heat pumps, Reverse CycleleChdoesn't
require digging a geothermal well for use as a beatce.

« It achieves temperatures in the range from 5°@%€5

D

Weaknesses e Used only in warmer climates

« A capacity control tank is needed to protect thetesy during times of
low output and during defrost cycling, as well asprevent the uni
from short-cycling in summer.

Opportunities « Reverse Cycle Chiller (RCC) technology is poise@itterge as a way
to significantly reduce energy use for hot watestsgns in multifamily
buildings.

« It can be combined with several other technologiesh as: under floor
heating, fan coil units, and low temperature ramt

- It can be connected to: domestic hot water taniisr <ollectors ang
room thermostats quickly and conveniently.

« lItis able to achieve water temperatures of 1083d higher, even when
the outdoor temperatures drop below freezing.

- The technology offers potential for lower winteeetric bills and hotte
air out of the supply vents for greater comfort

Threats «  The technology is not new and it may fail during tmplementation ir
residential building units.

« The simple payback on the additional cost in avelasre natural gas i
not available maybe 3-4 years longer than traditiegstems

« It is more expensive than a conventional air-sodmeat pump (abou
25 percent at minimum)

1)

—

42  http://e3tnw.org/ltemDetail.aspx?id=233
http://www.bpa.gov/energy/n/emerging_technologyFRlers.cfm
http://www.evergreenhomeheatingandenergy.com/seveycle-chillers.html

http://www.aquaproducts.us/products/reverse-cgbidler. html#article-id-16
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Strengths « Itis 50% more efficient than current vapour conggien cycles

« It eliminates the most inefficient part of today&frigerator as well ag
reducing its costs.

« Compactness: It is possible to achieve a high gndemsity compact
device

- Advantages over vapour absorption cycles

« Magnetic refrigeration does not use conventionigerants

« Achievement of simplicity on the design of machir{estary porous
heat exchanger refrigerator)

+ Low maintenance costs

Weaknesses «  Giant Magneto-Caloric Effect(GMCE) materials needoe developed
to allow higher frequencies of rectilinear and rgtamagnetic
refrigerators

« Need protection of electronic components from mégtields.
« Electro magnets and superconducting magnets argdipensive

Opportunities « Research in this field will provide the opportunigo that new
industries can be set up and compete in the irtterrad market.

e The technique will reduce the cost of equipment

- The advantages of MR over Gas Compression Reftigerare
compactness, and higher reliability due to solidrkivig materials
instead of a gas

« Being a noiseless technology would be an advantagertain contextg
such as medical applications

Threats « Problems may arise in the regulation/control ofhsacsystem as well
as the required pressure.
« Multi-stage machines may lose efficiency througk tieat transfer
between the stages

43 http://es.scribd.com/doc/30733590/Magnetic-Refeatjen
http://iats09.karabuk.edu.tr/press/bildiriler_pd¥S09_03-03_942.pdf
http://e3tnw.org/ltemDetail.aspx?id=441
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5.2.6 Conclusions

In this section, the SWOT analysis for HVAC and Bsable Energies has been divided into five
categories: Ventilation, Renewables and Heat Pu@pmbined Heat and Power (CHP), Storage and
Distribution and Cooling technologies.

Although the use of CHP is not considered in tteeaech WPs, it could be an interesting technology
for retrofitting the old commercial buildings wheirgection of electricity is possible. Investorsede

to take into account the available technology amer@y source to adapt the necessity. For the ROI,
which may be one of the most important factors meels to be studied in detailed, it varies fronecas
to case, due to the large number of factors, inetuthe cost of bought-in gas and electricity friva
utility provider, the demand for heat and whethes is continuous or cyclical, the distance that th
heat will have to travel to reach the process shaldo be accounted for, as any heat losses widhme
that CHP station efficiency will be lowered. Amotige CHP systems, tHaternal Combustion (IC)
engine systems are the most mature of all the Midf® technologies, while the other technologies
are still in the development stage. The problemsCHIP internal combustion engine is the high
maintenance cost and the high level of noise abasefjas emissions. The combination boilers have
many advantages but they are only an economicatetior smaller households with lower hot water
demands.

With regard to the Renewables Energies and HeatpBudifferent renewable energy systems are
evaluated. Especially, for the shopping center @br8n, both Solar Photovoltaic system and Micro
wind turbines are considered, providing green, watie power by exploiting solar and wind energy.
Although the combination of both technologies resattractive and better due to the larger load on
day time when PV could offer more power while mierimd turbine could offer a basic supply in the
night time, furtheresearch about the availability of the energy seureeds to be done for the demo
site, and esthetical aspect also needs to be dtadiwell

The problem of the small scale hydro, the grourdlwaater sources heat pumps are the availability of
the resource and space. For places rich in thaires@nd space could be an option for retrofitting,
while for the demo site of Ecoshopping, the spadenited, as well as the water source to impletmen
this kind of resources is neither available.

The use of high COP heat pump seems more and rimaetize and popular nowadays, and normally
a heat pump is powered by AC. The idea of reseagcBiC power heat pump is to exploit the free
energy as much as possible to reduce the energyiegoiion of the building, partly covering the basic
cooling/heating load and reducing the peak loadtf@mother hand, using renewable energy on a heat
pump can be performed with AC or DC compressor,AfDtcompressor usage requires conversion
from DC power to AC by using a power inverter. Irtee usage increases initial investment cost and
also decreases energy conversion efficiency. Toerefenewable energy powered heat pump, using
DC compressor enhances efficiency and reduceslinitvestment cost due to the elimination of
power conversion from DC to AC. Furthermore, thiegnation of variable speed compressor in the
Heat Pump provides higher efficiency and shouldpadabetter with the unstable renewable energy
source.

As the heating and cooling distribution system esaerned, the radiant system ivexy efficient
method of heat transfer, that can save up to 3@%e ghe convective portion of heat release is very
low and in order to maintain the indoor air qualify requires less energy consumption. The
transmission losses of heat are lower than in aygiem since the temperature of the water in pgpes
not extremely hot neither cold. Besides, it camw &ls installed under any type of flooring, wallsglan
ceiling.

Below there is a summary of the main charactessticthe technologies that will be developed and
implemented in the EcoShopping demo site: Capiltabe system as a very energy efficient radiant
system and the DC powered heat pump coupled withr $otovoltaic system and /or micro wind
turbines.
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5.3 HVAC technologies in WP4

5.3.1 Capillary tube system

5.3.1.1 Characteristic of the capillary tube system

The capillary tube system is a very progressivéardadeating and cooling system. It can be integrat
in nearly all construction elements such as flaprimalls or ceilings. The system basically consiéts
capillary tube mats, which enables a heat trantieough a very large surface compared to
conventional under floor heating or heating elenmsystems. The heat emission during the heating
mode supplies a comfortable radiant heat and tla¢ d&esorption in the cooling mode supplies an
effective and comfortable silent cooling withoutyanoise, draught or dust. Compared to air
conditioning units the energy consumption for coghvith capillary tube mats is very low.

Figurel Installation of Capillary tube system

The capillary tube mats are meander-shaped and wiadsny single capillary tubes, which run
parallel and end up in a main pipe. The whole masists of pure Polypropylene. Polypropylene (PP)
is easy to handle and compared to composite mhatesigch is often used for conventional radiant
heating systems, the production of PP shows therdeslance of embodied energy. Furthermore the
synthetic material makes the capillary tubes véeyilble, lightweight and cause of the very small
diameter of the capillary tubes, the capillary tub& has a thickness of 5 mm only. That is why the
capillary tube system is suited especially forofiting of buildings.

Depending on the application the capillary tubestetve the following characteristics:

Table 7 Characteristics of the capillary tube mats

unit material integrated non-material integrated
Tube Spacing mm 20-30 10-15
Outer Diameter mm 4.5 3.35
Inner Diameter mm 2,9 2.55
Wall Thickness mm 0.8 0.4
Outer Diameter Main 20x 2 20x2
Pipe mm
Length mm 600 - 8000 600 - 8000
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Widht mm 150-1130 150- 1130

Weight (Depending On 479 - 719 562 - 824

Tube Spacing) g/m?

Surface (Depending On 0.452 - 0.678 0.71-1.067

Tube Spacing) m?

Heating / Cooling depending on material integration and flow temperature

Capacity

Properties extra robust for ideal for dry wall construction,

integration into concrete, | flexible, versatile, low installation

plaster height, very quick heat transfer

Figure 2 Capillary tube mat

53.1.2 Strong/weak pointsof material / technology

The energy efficiency and energy saving potentilthe capillary tube system compared to
conventional under-floor heating systems was testedcertified by TUV Sud in December 2012.

The results of TUV Siid reports that surface heafagd cooling) systems are energy efficient
generally. For this, the portion of heat radiatismesponsible because the convective portion af he
release is very low, so the necessity of tempetiegambient air directly is not required anymoree T
flow temperature of surface heating systems isespondingly lower compared toonvective
systems.

Cause of the limited applicability of the conventb systems, the comparison of the systems is only
possible regarding the under-floor heating modéoalgh the capillary tube system can also be
installed in walls and ceilings. But the resulttio¢ test is transferable to radiant heating andiro
systems in walls and ceilings. The capillary tulgstam was compared with a one-pipe-meander,
which consists of polyethylene-pipe with a diametiet6 x 2 mm and a distance of 100 mm between
the pipes in the slab.

Compared to the capillary tube system the surfdce aapillary tube mat will be 3 times more and
amounts to 1.05 m2/m2. This leads to the conclutfian similar performances can be achieved with
lower temperature levels.

Under testing conditions both systems are set abthiey reach the same specific heat output of 81
W/mz2, The differences of the systems were fountthéntemperature spread and in the average heating
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temperature. The average heating temperaturengisantly lower at the capillary tube system asd i
compensated by the greater heat transfer surfaee ar

Table 8 Comparison between capillary tube mat and one-pipe meander

one-pipe meander capillary tube mat
Pipe Material PE PP
Pipe Dimension mm 16x2.0 3.35x0.4
Tube Spacing mm 100/ 150 10
Installation integrated in slab on the slab
Inlet Temperature °C 38 32
Temperature Spread K 10 5
Thermal Conductivity W/(m*K) 0,43 0,22
Thermal Resistance m2*K / W 0.0047 0.0018
Heat Output W/m? 81 81

Also the physical properties of the pipe materiarevcompared. As shown in the table, the thermal
conductivity of the capillary tube is worse thare tRE-pipe due to the material. But cause of the
minimum wall thickness the thermal resistance efdapillary tube is still favourable.

Next to the contemplation of the temperatures,tifass flows of the systems are very interesting.
Based on the above-named conditions, the massdidhe one-pipe-meander will be lower than the
mass flow in the capillary tube system. It follothat the specific pressure loss will also be loimer
the one-pipe-meander than in the supply lines@ttpillary tube mats. But due to the arrangement o
the capillary tubes (many capillary tubes flowsotigh parallel) the total pressure loss will be ¢qua
with the conventional system. And although the hwtic conditions are unfavourable, no higher
pump power is required.

It must also be mentioned that the capillary twesn is open for oxygen diffusion. It is necessary
that all components in the system are non-corrosféen the heat generation / refrigeration is
hydraulically separated by using a heat exchar@@@mpared to conventional systems which are made
of PE or composite material the use of higher ¢yatiaterial is required. This implies firstly a hiy
investment cost, but corrosive-resistant componeat®ase the lifetime of the system enormously.
And moreover there is no accumulation of mud comgdo conventional heating / cooling system
with corrosive components. Also calcification needt be considered cause of the low flow
temperature while calcification becomes a problermonventional systems after a certain time.

Regarding the energy saving potential, crucial gegr savings result from the low flow temperatures
of the material-integrated capillary tube system.

The low flow temperature of the capillary tube lhegtand cooling system allows the use of heat
energy from very low temperature levels. With arespondingly large thermally activated surface
also inlet temperatures of 28° C are possible thighcapillary tube system (for example in component
activation). Thus, higher coefficient of performantan be achieved in the operation of heat pumps
for heat supply compared with conventional surfaeating systems. The smaller the temperature
difference between the heat source and the flowpéeature is, the larger the coefficient of
performance (COP). And the larger the COP, thesbdiie relation of used electrical energy to heat
output realized. This means that the COP is dyet#pendent on the flow temperature, which is the
capillary tube system at an advantage. The low ésatpre heating improves the efficiency of the
condensing boilers as well, such as the boilethememo-site building in Sopron.

Figure 3 COP comparison
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COP of a heat pump combined with different heating systems
(for example 32-kW geothermal heat pump)

COP
28°C GeoClimaDesign
7,27 @
7
/ 35°C underfloor heating
6,23 ( ® COPBO/W35=444)
6 / 6,09 /
40°C old underfloor heating
5,30 5,22
5 / /

heating elements

>
/ 50°C hot domestic wate
4
3,76 >
/ 55°C average temperature
< ,/ heating elements

| =

/ 45°C low temperature

MANAAN
\

-5°C 0°C +5°C +10°C +15°C brine temperature °C

In addition, the radiant heat emission comparedctomvective heat emission allows a more
comfortable indoor climate at lower ambient air pematures. In order to create the most pleasant
indoor climate, the large heating surfaces reqthieelowest possible surface temperature. Also the
homogeneity of the surface temperature contribertesting a high standard of comfort.

The very small diameter of the capillary tubes gatee a high density of tubes in the building

elements that the temperature spread is equaltieemtire surface compared to conventional heating
systems

Figure 4 Demonstration of heating function with infrared camera

demonstration of heating function with infrared camera
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Demonstration of function with infrared camera

Also the capillary tube system can be used fovaaind passive cooling. It is recommended to use
heat pumps or chillers for active cooling. A veneggy efficient way of cooling is the passive cogli

by using well water or river water. Both the actiared the passive cooling are silent methods of
cooling. Analogue to the heating, the cooling ikieeed by cooling down the surfaces. And next to

the energy saving potential, the way of silent icapis very hygienic compared to conventional air

conditioning systems. Again there is almost nav@vement by using the capillary tube system. That
means there is no noise or dust but a very contfleriadoor climate.

Figure5 Caplllary tube wstem for and actlve and passuve coollng

Another advantage of the capillary tube system @rey to the convective heating system is the
reduction of the transmission losses of heat. kasimon to install heating elements on the wall
directly underneath the windows to support the matuentilation. At the same time this way of
installation increases also the transmission losdelseat, as the temperature spread between the
outside temperature and inside wall temperatuveng high. By reducing the flow temperature by the

use of the capillary tube system the flow of héabugh the wall also can be minimized (see figure
below).

Figure 6 Reduction of the transmission losses of heat
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But the highest energy saving potential resultsiftbe reduced inlet flow temperature. The follogvin
figures show a comparison of annual energy consompf a conventional convective heating system
and the capillary tube heating (and cooling) system

Figure 7 Comparison of annual energy consumption between a conventional convective heating
system and the capillary tube heating (and cooling) system
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Verbrauchskostan 958,66: 18 313,00 vetrmshewsrn = 0.019884
Verbrauchskosten T.482,10: B8, 16 Magmerttstunden * 76, 308838
-Qil-r. I-‘ti-h-h-l-n
10,31 223, 30 Kabibmghur = 0,002441
Wil'l B 741,800 4 223, 30 Katithimaser = 2.06BRS0
Abwasssr 18,180, 28 4,223, 30 Kathhwd e & 3,584449

GeoClimaDesign System with district heatinting

geocLImAdesign® |

Sos BTN AR,

mm GmbH & Co. KC. ¥ 1388 Winchan, Taision,
i 40 Mipa s pvs dum Seuidehan Pesinais: Mol e D147 BN it Mt s Minaste.

5.3.1.3 Construction cost saving potential

As aforementioned in the characteristics of thelleay tube mat, the thickness is only 5 mm, whigh
not only advantageous for installing or retrofigtithe system but also for reducing the building.cos
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Thanks to the reduced thickness, less material §tal) is needed to cover the capillary tube mats
thus saving material costs, facilitating the moumtbf the ceiling system due to its low weight.

The installation of the capillary tube mats in fleor / ceiling or wall will increase the heighttheen
the floors and the gross floor area. The higheffldws and the larger the inside area, the mooétpr
can be achieved by renting or selling the building.

Also the fact that the capillary tube system un#édseating and cooling system in itself will incsea
the value of the building and reduces the investroests, as an extra cooling system is not required

5.3.2 DC powered heat pump (DPHP)

5.3.21 Available materialgtechnologies:

A conventional heat pump system consists of conspresondenser, evaporator, expansion valve,
pumps and fans. On the other hand, a DPHP systersdme components but the compressor and the
fans are powered by DC energy source such as rétewa converted DC supply from grid line.
Currently, all components of the DPHP system cafobad in the market and also technology about
DPHP system can be available easily in the operatitire.

5.3.22 Main characteristics of materials/technologies:

Heat pump systems are very common in heating &iegapplications. Main components (as listed
above) of the HP system are well developed andyeasiilable in the market. A novel future of the
proposed approach is using DC powered HPs, whiehvare efficient than AC-powered HPs, and
can exploit renewable energy sources (like PV)atye

5.3.2.3 Strong and weak points of these materials/technologies:

When we look at the strong points of the DPHP tetdgies: it is very clear that renewable energy

powered DPHP system is much more energy efficteam the classical heat pump system. Similarly,

the strongest part of the DPHP materials is lodifelong period since these materials are used at
exact cooling or heating demand (supply and denmadual each other and there is no over capacity
production) and also variable speed operation j@ieg instead of on-off operation. These operation

modes extend the lifelong of the heat pumps' commptn

The limited capacity (such as >10 kW) of the ald#aDC compressors could be a weak point, but
from the point of view of distributed energy systetine better scalability of the system and the
coupling with the PV panels will make this solutio® more suitable for the retrofitting project.

5.3.24 Cost benefit analaysis

A DPHP system is much more energy efficient thasoaventional heat pump system. The energy
saving rate can reach up to 50% for both coolird)laating.

The cost benefit is analyzed based on the followimggitions:

The annual solar radiation level in Sopron : 1,R86/m2
The typical performance ratio of the PV technology
The electricity price in Hungary: 0.140 €/kWh

The COP of standard heat pumps: 2

The conservatively estimated COP of DPHP: 3

SR

Table 9 Cost Benefit analysis and ROI of DC Heat Pump coupled with the Renewable Energy
sour ces (PV system).

Labor i i
DPHP Cogt Total Economic | ROl in
Cost Renewable Ener gy Cost savings in | Hungary

(euro) System (euro) (euro) | Hungary(€/ | (year)
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(euro) year)
16 kW 10,000 | 1,500 PV 50,000 61,500 9,900 6.2
25 kW 20,000 | 2,500 PV 80,000 | 102,500 15,400 6.6
75 kW 45,000 | 5,000 PV 225,000 | 275,000 46,300 5.9
2013-27-13
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6. BUILDING MANAGEMENT SYSTEMS

6.1 List of technologies

In this section it will be explained a practicalpapach to the control of a Building Management
System. The theoretical part of the different tygi¢s of the BMS control is avoided to the detritnen
of 10 automation system solutions that allow thdldéug Management System to maintain thermal
comfort conditions inside the shopping center, céuly the energy cost and enhancing a more
efficient and sustainable performance of the HVA@ kighting systems.

Fig. 12 Automation System Solutions
BUILDING MANAGEMENT SYSTEMS

AUTOMATION SYSTEM SOLUTIONS

Benefits of these BMS control systems

1. Varying air handler fan speeds

2. Cooling and heating water supp
temperatures

ly

Enthalpy economizer controls

Carbon dioxide sensors

Carbon monoxide sensors

Cooling-tower water

Hot gas bypass

© N o |0 |~ W

Lighting may be significantly dimmed

9. Automated system that senses build
demand and sequences load reductions

10. Fixed Acoustic Sensor Networ
supplemented by a Mobile Robot Platform

Maintain thermal comfort conditions
Maintain optimum indoor air quality
Reduce energy use

Safe plant operation

To reduce manpower costs

Identify maintenance problems

Efficient plant operation to match the load

Monitoring system performance
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6.2 SWOT analysis

Strengths - A great energy saving between 20% and 35% is aetiduring partial
load.

« Highly stable air net pressure

«  Low starting currents

- Atotal absence of peaks and a high power factor.

» Reduces power consumption significantly duringrif@y hours of the
year when peak fan speed is not needed to meebcoanfd air quality,
requirements.

« Even a slight reduction in fan speed of 15 perceat yield a
noticeable drop in fan motor power demand — alnBfsfpercent —|
because of the inverse square law inherent in fatomioading.

- Energy efficiency. Independent studies have showat energy carf
mount up to over 70% of a compressor’s life cyasts. In some cases
the generating of compressed air can account foe rti@an 40% of a
plant's total electricity bill. Most production ein@nments have a
fluctuating air demand depending on the time of, dagek, or ever
months of the year from 35 to 78%.

» VSD reduces energy costs by:

» Avoiding electricity surges by increasing flexibjli with soft
starting gradual motor up.

« Avoiding operation at no load power compared witmeentional
compressors at light load. Eliminating the ineffiti transition
period from full to no load power.

 Maintaining the net pressure band to within 0.10 821 Mpa

- Reducing overall average working pressure.

« Minimizing system leakage due to a lower systensguee.

- Preventing components from early aging cause bjopged full
load operation currents, a total absence of pea#isashigh powe
factor.

«  The benefits of this technology included reduciogver cost, reducing
power surges (from starting AC motors), and deihggra more
constant pressure. The down side of this technolisgyhe heavy
expense associated with the drive, and the seitgitf these drives +
specifically to heat and moisture.

- Efficiency over fixed speed machines is improved part load
conditions under 75%.

e Pressure fluctuations are eliminated, which ofteduces system
generation pressure by up to 0.5 bar, giving estiergy savings.

« Variable speed controls provide ‘soft startingri@hating high inrush
currents.

«  When more than one compressor is used on a siggters. Giving
one compressor a variable speed drive allows therdixed speed
compressor(s) to run at optimum efficiency on Hase with the VSD
compressor varying its output so the compressor

» Installation precisely matches the actual demamdhése cases, fitting
electronic compressor sequence controls maximasegngs.

- To save money by reducing the overall system enleegyg consumed

44  http:/faugustcompressor.com/benefits-and-functibmsd-variable-speed-drive/
http://www.carbontrust.com/media/147017/ctl167 iatale_speed_motor_driven_air_compressors.pdf

http://www.phelpsfan.com/pdfs/Variable_Frequencsives.pdf
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Able to control the processes of the system baiteing the operator
A bypass option in the case of an inverter failure.

System starts up “softer” than normal, meaningilitdecrease the
Average 6 to 7 up to 20 times inrush current dustagt up.

Saves money on the electricity costs of a system.

By better controlling a motor’s speed, life of Vibend or coupling
Devices is increased.

No appurtenance loss for using this control deirica system.
Device can include a breaking feature (Check wigtmuafacturer)
Reduces the costs of a system eliminating the needuy an
antirotational device.

Weaknesses

The reduction in energy cost over a typical lifecley might even
surpass the initial investment cost of the screve@inpressor.

Upfront cost of a VSD can be relatively high degagdon how large
your system is.

Adding a VSD device may lead to a system resonatceertain
speeds, leading to;

1. Dramatically increased noise

2. Excessive vibration.

VSD device have been known to shorten the life

Can reduce the service factor on the motor it'sluse

Opportunities

Fan speeds may be adjusted not only in responiseatiing or cooling
needs but also to limit peak electrical demand. tMsldings exhibit
thermal inertia, meaning that the mass of the &iracand its content
tend to stabilize temperature changes even whetingeand cooling
systems work to alter them.

Some facility executives have taken advantageisfdtabilizing effect]
by reducing air handler fan speeds and the coalinigeating inheren
in circulating air for brief periods

Threats

2013-27-13

SEVENTH FRAMEWORK
PROGRAMME



EcoShopping e D2.1 Assessment of national building codes, EPBD implementation and standards identified. Page 87 of 113

Strengths e Built-in outdoor reset

«  Customizable reset ratios

- Multiple controls that can fit every hydronic hemgfiapplication

- Built-in domestic hot water priority (DHW) contrahd priority

« Can be powered by 120VAC or 24VAC without the u$eexternal
transformers

« Can be controlled remotely using an Enable/Disaigat

»  Self diagnostics

» Solid state sensors can be extended up tof&fya the control

»  Accuracy of +1°F

«  For systems up to 300,000 BTU

e llluminated LCD display shows fuel consumption s@&, operating
modes, system diagnostics and
operating temperatures

- Patented process reduces fuel consumption—typit8#y to 20%

«  Short payback period—typically 12 to 24 months

« UL listed, “Energy Management Equipment”

» Increased savings without replacing or upgradingtlgo system
components

«  “State-of-the-art” microcomputer controller

» Reduces maintenance and extends boiler life

- Fail-safe operation

e Guaranteed to reduce fuel consumption

e 15-year replacement warranty for breakdowns oraigfe

- Connect outdoor temperatures to your indoor heateeyls.

- Easily save you 15%-20% on your energy bill simipécause it take
outdoor temperatures into account when determinjogr indoor
heating needs

» Boilers of all kinds, heat pumps and even mixingickes can be
controlled to provide Outdoor Temperature Reset $gstem.

» Reduced heat loss through pipes.

» Increased bhoiler efficiency.

- Boailer shutoff when it's not needed.

- Energy used by boilers or chillers is reduced asttidution losses ar¢
cut when circulating-water temperatures are moddrat

14

Weaknesses - Can increase Energy in variable-flow heating/caplisystems
« Can cause loss of space humidity control
- Complicates chiller sequencing control

Opportunities «  Simple installation by qualified installer

»  No programming or follow-up visits required

»  Maximum efficiency year-round

« Easily installed plug-in sensor(s) (includes 1 isggisensor)
»  Elimination of uncomfortable (and expensive) overtirey.

Threats .

45 https://www.staffordoil.com/energy-saving-controls
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Strengths * An air-side economizer is an HVAC control systerattban provide
significant cooling energy savings when properlgafied, installed,
commissioned, and maintained.

» It allows the unit to use outdoor air for coolimgpvided the ambient
air is below a certain temperature and the humiditelow a certairn
percentage.

- To save money on electricity.

« The longer outside air can be used for cooling, theger the
compressor can remain off.

« Can extend the life of the equipment - provided #stem is
maintained properly.

» Economizers can be used to provide ventilation tbudding. The
demand-control system uses a carbon dioxide séosated within the
building to initiate operation. If carbon dioxidevkls rise, and the
will as more people enter the space, the econonoigens and allows
fresh air to enter for proper ventilation.

<

Weaknesses e The economizer is one of the most often neglectadponents in ar
HVAC rooftop unit. It can be broken, and, as lorgythe damper i$
closed, the building owner may never know.

« Inthe HVACR industry, the economizer is often nmderstood.

- Some technicians are unsure of its operation ant/roastomers hav
no clue

» Not to use economizer when it is located in an @sfig corrosive
environment

» Not to use economizer when it is capable of pragycionly
inconsequential energy savings due to building @sadocation

+ Not to use economizer when the economizer compeneiit be
installed in a way that makes access for regulaicedifficult.

- Not to use economizer when the maintenance depatrtrise too
understaffed to supply a trained technician to isernan economizef
system

« The economizer’'s collection of dampers, actuattinkages, sensors
and controllers rarely achieves its savings poaénti

» Estimates indicate that only about one in four ecoizers works
properly, with the remaining three providing suls-parformance or
worse yet, wasting prodigious amounts of energy.

» Failures are a result of maintenance deficiendmaproper control, o
systemic problems.

11%

Opportunities »  Technicians who understand the economizer's operatn explain tg
the building owner how it can save them money ilitybills, creating
a repair opportunity for themselves and their comypa

«  Several types Of Economizers: Dry Bulb Economi&ngle Enthalpy,
Economizer, Differential Enthalpy Economizer, Imztgd Differential
Enthalpy Economizer.

Threats - Itis important to retest the system periodically.

- Although advances in computer-based diagnostics tedp identify
malfunctioning systems, the human element is gs#kential to
maintaining these systems.

46 https://www.cedengineering.com/upload/Economizei@¥20Air%20Handling%20Systems. pdf
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Strengths

Demand ventilation control systems modulate vetiitalevels baseq
on current building occupancy

A multiple-parameter approach using total volatitganic compound
(TVOC), particulate matter (PM), formaldehyde, arthtive humidity
(RH) levels can also be used to strong the benefit€02 demand
ventilation control system
Based on actual occupancy in contrast to the toadit method of]
ventilating at a fixed rate regardless of occupancy

Less energy demanding because non-demand vemtilatamtrol
systems force to heat much more fresh air comitgghnildings than is
necessary. That air must be conditioned, resultmdpigher energy
consumption and costs than is necessary with apptegventilation.
DCV saves energy by avoiding the heating, coolingnd
dehumidification of more ventilation air than iseaed.

Energy savings has been estimated in the literaatirfom €.1,5t0
more than €3 per square metre annually.

Including CO2-based DCV in a new HVAC installatisimould not add
significantly to the difficulty of commissioning ¢tsystem.
Records of air quality data: Sensor readings calodiged to provide §
reliable record of proper ventilation in a buildir§uch records can b
useful in protecting building owners against vettdn-related illnesg
or damage claims.

Reduced operational running times for the major K\V&guipment

L

Weaknesses

Maintenance required: Calibration must be checkedogically by
comparing sensor readings during a several-houiogerhen the
building is unoccupied with readings from the owtdair. Many senso
models are able to sense calibration problems

For a retrofit system, the installed cost will geaily be about €500 t¢
€900 per zone.
In addition to the installation of the sensors,eotbomponents such 3
variable frequency drives and control input andoatihardware ofte
are needed to control the whole building

D

S

Opportunities

This works especially well for conference rooms anditoriums with
frequent low occupancy,

These systems are offered by all major HVAC equipinaad control
companies.

In humid climates, excess ventilation also canltéauuncomfortable
humidity and mold and mildew growth, making theand air quality
(IAQ) worse rather than better.

An estimated 60,000 CO2 sensors are sold annuatlyéntilation
control in buildings, and the market is growing.

CO2-based DCV has the most energy savings potentiblildings
where occupancy fluctuates during a 24-hour perimdnpredictable
and peaks at a high level

CO2 sensors are the most widely accepted technolgyently
available for implementing DCV.

Improved IAQ—BY increasing ventilation if CO2 legelise to an
unacceptable level.

Improved humidity control—In humid climates, DCV rcgrevent
unnecessary influxes of humid outdoor air that msakecupantg
uncomfortable and encourages mold and mildew growth

Threats

Retrofitting an existing system for DCV may be mgmeblematic,

particularly for an older system with pneumatic trols.

47  nttp://wwwl.eere.energy.gov/femp/technologies/esmtvcontrol.html

http://www1.eere.energy.gov/femp/pdfs/fta_co2.pdf
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Applications in moderate climates, especially whereonomizer|
operation contributes substantially to cooling, makow little
energy/cost savings.

Spaces where there are high levels of contaminaotsrelated tg
occupancy may demand a higher ventilation rate thauld be

provided by DCV based solely on CO2 levels.
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Strengths » To prevent carbon monoxide poisoning.

«  Early warning of gas leaking from the boiler roombad ventilation in
the garage of the shopping center.

» CO detectors are designed to measure CO levelstiomerand soung
an alarm before dangerous levels of CO accumutad® ienvironment
giving people adequate warning to safely ventildte area of
evacuate.

e Can either be battery-operated or AC powered (withwithout a
battery backup)

- Battery lifetime of over 6 years

» CO detectors are available as stand-alone modedgstem-connected,
monitored devices

»  Economic price per detector (below 40€ CO detector)

« No maintenance required (with household currentjindu life of
product (5-10 years). Detector sensor becomes s@rgitive with age.

 Reset time: current input detectors will rest imiaggly once CO
problem is corrected

- Ease of installation: The battery operated detectn be placed
anywhere needed.

Weaknesses «  When carbon monoxide detectors were introducedth@anarket, they
had a limited lifespan of 2 years. However techggldevelopments
have increased this and many now advertise up/eats

+ Required maintenance in battery operated CO dete®equires
periodic replacement of battery/sensor module e2eByyears at cog
of aprox. 15€

» Reset time: Battery operated detectors depend oposexe
concentration and duration. May require removalsefisor pack. A
silence button, however, is now provided/required.

- Ease of installation: The current input detectasehmore difficulties
than the battery operated CO detectors, since tbgyire outlet neaf
detectors or “hard wiring”.

—

Opportunities - Exhaust fan systems are typically designed to suppbugh fresh aif
when many cars are running at one time in the gaagen when suc
air is not heated, fans may run at full speedhal time to ensure that
no health or comfort problems occur. By measuriadpon monoxide
however, a reasonable reduction in ventilationsja@ed and power use
for many hours of the day may be accomplished wiadricle traffic is
less than peak.

«  Combination smoke alarm / carbon monoxide deteetave space by
combining two main alarms. This also means you dmye to be
awared of the maintenance of one set of battengead of two.

-

Threats .

48 http://www.hamiltonfd.net/cofag.htm
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Strengths « Cooling towers are used to dissipate heat front@ditioning. Many
of the air conditioning systems currently in uséyaperate during the
summer cooling season, but some shopping centgrsreecooling
year-round.

- The chilled water is cooled by cooling tower wateough the use of
heat exchangers without the use of refrigerant cesgors.

- Free cooling systems are among the widely usedggnefficiency
applications.

« Free cooling reduces refrigeration energy consumptby using
evaporative cooling equipment to produce chilledewan cool weather

Weaknesses « Atreduced winter loads, it may not be necessamamtain the design
flow rate, and energy can be saved by reducing pomfor speed
operating smaller pumps, or using two-speed pumps.

« Free cooling can be used to save energy wheneusideuwet bulb
temperature drops below the required chilled wagdrpoint and can
save enough compressor electric power to pay éocdst

D

Opportunities «  When the tower is providing “chilled water” to tlsgstem, there ar
periods of time when it must operate in subfreeziogditions. During
these periods, when the tower is subjected to \egl ambient
conditions, there is greater potential to prodweeimn the cooling towef
or elsewhere in the system.

Threats « If an inappropriate cooling tower design is chosanif the unit is not
operated or winterized properly, excessive amoahise can form in
the unit resulting in decreased capacity, operatidfifficulties, and
potential damage to the tower.

49 http://baltimoreaircoil.com/english/resource-libyite/1473?dI=1
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Strengths « Hot gas bypass provides an artificial load on th@perator by,
introducing a portion of high pressure, high terapaere gas to the
evaporator / suction side of the system.

« Strength of HGBP to evaporator inlet: Merging thg@dssed load an
remaining system load within the evaporator in thenner, allows the
expansion valve to retain suction gas superhedtalpeliminating the
danger of liquid carry-over.

- Strength of HGBP to evaporator inlet: The retdigas velocity within
the evaporator maintains oil movement, making tthis preferred
method when the evaporator is located below thepcessor.

«  Strength of HGBP to suction inlet: Hot gas bypasthe suction line ig
easy to add. Alteration of the evaporator pipingasnecessary.

« Strength of HGBP to suction inlet: The relativedgnall amount of
piping required provides a cost saving over bypgashe evaporator +
particularly if the condensing unit is located sodistance from the
evaporator,

- Strength of HGBP to suction inlet: This is the yonhethod that can
accommodate evaporators with high pressure dropilditors and
multiple outlet expansion valves.

jon

154

Weaknesses « Hot gas bypass to the evaporator inlet is limitedotv pressure drop
distributors.

+  Weakness of HGBP to evaporate inlet: The instaltatiost is directly
proportional to the distance between the condensimi and
evaporator.

+  Weakness of HGBP to suction line: An additionauidline solenoid
valve and expansion valve are required.

«  Weakness of HGBP to suction line: At limited evagior loads, the gas
velocity within the evaporator may drop too low featisfactory oil
movement.

«  Weakness of HGBP to suction line: Challenges thggder to slope
the suction line in two directions: toward the caagsor during the op
cycle, toward the evaporator during the off cycle.

«  For comfort cooling, however, the addition of hasdyypass is seldof
necessary.

« A chilled water system without hot gas bypass nexpliess power than
one that operates the compressors with hot gasbypa

3

Opportunities « Itis recommended when the load on an evaporatigs/and operation
of the air conditioning system is desired at lowkan design
conditions.

e It is recommended when the evaporator coil is desgigfor comfort
cooling (latent and sensible loads) versus pretisawling (all sensible
loading).

« An oversized system quickly meets the sensible \@ilibut satisfying
the latent load. Adding Hot Gas Bypass may mitighi® error.

Threats « Hot gas bypass has the potential to modulate cgpaci improve
reliability, but these benefits will not be realizewithout careful
evaluation of its appropriateness and painstakitgnton to design
installation, control, and maintenance.

50 http://www.morganizer.com/hot-gas_bypass_contrél.pd
http://astro.berkeley.edu/~plambeck/ CARMAdocs/\Wateller/TraneHotGasBypass. pdf
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Strengths

When done in conjunction with outdoor light entgrim space
significant savings in both lighting and coolingyasult.

Even without dimming ballasts, a portion of liglgimay be controlled
as a result of on-off schedules, occupancy sendegight response g

dimming on a schedule, or in response to peak ingildower demand,.

Where many fixtures are present in open commorsgi@Esit happen
in shopping centers), temporarily turning off evahjrd or fourth
fixture is rarely noticed.

Light control increases comfort and may improvedoidivity.

Save energy because of reduced wattage. Light seuse less energ
when dimmed.

Dimmers Extend Bulb Life.

Flexibility for the use of lighting

Strenghts of Diming Fluorescent Lamps with DALIIbat protocol:

Easy to wire and install

Very flexible after installation

Wiring does not have to be segregated from maipplgicable
Lamps switched off via control signals

Full, accurate control of load (0% - 100%)

Fully addressable

Signal cable is not polarity sensitive

Strenghts of Analogue diming for Fluorescent Lamps:

« Simple
e Cheap controllers

Strenghts of Analogue diming for LED:

«  Robust, well understood technology which works weth LED.
« Simple to diagnose if problems as you can testdfiage.
« Low voltage so can run with low diameter cables.

Strenghts of Diming LEDs with DALI ballast protocol

Each lighting device is assigned a unique statdress in the numeri

range 0 to 63, making possible up to 64 devicesstandalone system.

Complex switching arrangements can be made frorsytbeem.

Has two way communication and will give status mpon the light
fitting.

It dims to off, so does not require mains switchaguipment to turn
them off.

Reconfiguring lighting is easy as each is individuaddressed -

especially useful in open plan offices.

=

"2}

Weaknesses

Bulbs won't work that well with a dimmer switch. Asu turn down
the current it becomes harder and harder for thie toukick-start itself
into life.

Due to the fact that LEDs have comparably low lotdsonventional
halogen technology they are often incompatible wiindard dimmer.

51 http://www.lutron.com/en-US/Education-Training/Pati&CE/GreenBenefits.aspx

http://thelightingdesignstudio.co.uk/dimming-led/

http://www.apollolighting.co.uk/products/Techniaimming%20Fluorescent%20Lamps/
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«  Typically minimum loads should be above 10-30 wadtdim.
e They don't always dim down to 0%
»  One way switching and no feed back.

Weaknesses of Diming Fluorescent Lamps with DALUlas4 protocol:

» Can be expensive compared to other dimming systems
»  Control components cannot be mixed between manurtrst

Weaknesses of Analogue diming for Fluorescent Lamps

- Control wiring has to be separated from mains wirior screened
cable used.
- Lamps cannot be switched off form control signal

Weaknesses of Analogue diming for LED:

» Limited number of 0-10 dimmer manufactures whichrkvavell (so
often a control system is required)

»  Difficult to combine 0-10 switch plates with maidenming.

« Not every one is familiar with the methodology.

« Requires additional signal cable -which can insecthe cost.

« Has no feed back.

e Polarity dependent

- Each circuit or device needs to be connected with gignal cable
which for large systems can potentially be expensiv

Weaknesses of Diming LEDs with DALI ballast protbco

» Can be expensive.

» Requires programming to address each ballast.

« Requires a central control system.

« Requires a programmable ballast so even for a nsaipgly LED lamp
will require additional interface to enable it tol to the system.

- If the ballast goes it loses the address.

« Needs to be updated if the function changes.

Opportunities - Lighting control systems typically provide the dyilto automatically|
adjust a lighting device's output, that can be thase severa
parameters, such as 1) Chronological time (time dafy), 2)
Astronomical time (sunrise/sunset). 3) Occupanéygieccupancy
sensors, 4) Daylight availability using photoce8$,Alarm conditions,
and 6) Program logic (combination of events)

Threats e It can cause flickering, buzzing or premature failif incompatible.
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Strengths «  Building peak electric demand will be reduced

« The automated and predictive system will meet deset.

«  Such control will be applied to loads such as féighting, heat pumps,
packaged air conditioning units and electric heptinils, integrating
them some of these options in a programmed sequence

» Peak load are cut when it is most cost effectivea®o, thereby saving
on peak demand charges, or when called upon tooduy gshe local
utility.

» By sequencing brief — 10 to 15 minute — serviceugtins in space
that people continuously occupy and for longer quigiin other areas,
such rotation avoids or reasonably shares any ndiiscomfort.

- The system can improve fire, security and other rgemey and
contingency procedures

« Improved standards of plant/building performance

« Improved management of building systems

- Lowers utility costs — typically saving 15% of thperating equipment
costs.

» Maintains measured comfort — Computerized contnelp to maintain
even temperatures and lighting levels within theilitg to provide
measured comfort.

»  Avoids unexpected equipment breakdowns

U7

Weaknesses «  Operation and maintenance costs might be highepaoed to simple
management systems.

- Small amount of qualified professionals for sysiastallation

« Requires commitment at all levels throughout iteragonal life to
maintain maximum effectiveness

Opportunities « Enhances property value

» Reduces occupant complaints — A more comfortabiibg means
fewer occupant complaints.

»  Simplifies building operation — Computerized cotgrand real time
graphical displays let you see exactly what is leappy with the
equipment in the building without having to go uptbe roof or crawl
up into the ceilings.

« Increased energy efficiency

« Improved environmental conditions

Threats - Energy potential savings could only be achievedh# system ig
properly used and managed
« Higher initial costs for design and installation

52 http://www.alternegy.com/tabid/283/Default.aspx
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Strengths

Installation of the fixed sensor network can beyvesst efficient and
unintrusive.
Using a mobile robot unit as an integrated parthef sensor network
compensates the possible weak-points of the fired® network.

While the sensor data doesn’t generate any enengygs on its own
it provides vital intelligence to the Intelligentufomation Unit (IAU).
Thus it is the part of the backbone that enabledAl to optimize the
overall energy saving potential.

Acoustic sensors give the possibility to detectardy people presenc
but also the occupancy level, so the HVAC systeith intieract with
the occupancy level in order to reduce the enemmnsemption while
mantaining the indoor quality comfort.

D

Good control of internal comfort conditions
Possibility of individual room control

Effective monitoring and targeting of energy congtion

Weaknesses

Building’s layout and available infrastructure mastrict the
placement of sensor nodes, introducing certain vpeahts to the
network,

Surveillance and audio recording capabilities mayse concerns
regarding privacy issues.

Being expensive to buy and install
Needing ongoing maintenance

Opportunities

Mobile Robot is a very innovative system
Mobile Robot is visually very interesting and coulttract customers
for the commercial building.

Threats

The mobile robot is a very uncommon technology ismthehaviour on
buildings may not work as expected

2013-27-13
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6.2.1 Conclusions

In this section the conclusions are not so cleaabge these practical solutions are not restri¢tve
others (with the possible exception of acousticseemetwork and Carbon dioxide sensors), they
could be implemented at the same time. This approac to explain and evaluate some
solutions/systems that can be upgraded in thelirgat Automation Unit. They are all focused in the
reduction of energy consumption while maintainihg indoor air quality and the comfort of workers
and customers.

In the Hungarian shopping center the project wiltus in three of these Automation System
Solutions: Variable Speed Drive, Lighting Controjs&ms and Fixed Acoustic Sensor Network
supplemented by a Mobile Robot Platform.

The DC Heat Pump will have a variable speed comspremtegrated, which will provide higher
efficiency. It will reduce power consumption significantly during thensn hours of the year when
peak fan speed is not needed to meet comfort anduaility requirements. The achieved energy
savings with this technology are around 30% dupagial loads.

The Lighting Control System will ensure the fuliiént of illuminance requirements by adjusting the
illumination needs by increasing the number of adable light collecting units. To optimize the
indoor lighting condition, the system will adjusdpors lighting condition according to data cokett
from various light sensors, including luminancessencolor temperature sensor, etc., so the sisulilat
natural light will be very close to the real suhligDuring the night or overcast day, when the idets
sunlight is absent, the system will be integratath whe artificial lighting system to simulate the
natural light and be robust to be a light providegardless of outside lighting situation.

As the Fixed Acoustic Sensor Network supplemented obile Robot Platform is concerned, the
sensing network for EcoShopping will be a flexibltheap and easily adaptable multi-sensing
prototype system for buildings composed of a camiyle network of wired or wireless
environmental sensors, microphones, and hubs dfiemtions that register and transfer data in big
spaces. Using a mobile robot unit as an integnadéetof the sensor network compensates the possible
weak-points of the fixed sensor network. The adowsnsors give the possibility to detect not only
the level but also the occupancy level, so the HV&&tem will interact with the occupancy level in
order to reduce the energy consumption while maimgithe indoor quality comfort and enhancing
the possibility of controlling each space indoar @ioperties independently. For the EcoShopping
demo site, both the centralized (fixed distribussthsor network ) and de-centralized (autonomous
robot) approach will be used to circumvent the ssitg to use huge numbers of sensors to capture
environmental data. It will be investigated how abile sensor unit can contribute to the development
of a more accurate parametric model in terms ofrenmental control. Furthermore, an autonomous
mobile robot can be used as a platform for oth@liegtion scenarios (security and safety, provide
information to visitors) as well.
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6.3 Intelligent Automation technologies in WP5

6.3.1 Fixed sensor network

6.3.1.1 Available materials/technologies

In the Ecoshopping project, there will be deplogedumber of sensors to gather the needed energy
consumption and environment air quality. The avdélasensors for this objective are:

Electrical meters — For measurement of electricalsamptions of installed equipment (such
as HVAC systems, motors, elevators, or otherd)tiligy system and socket circuits;

- Heat meters — For measurement of heat productiothdyacility’s boilers, renewable heat
sources (such as solar panels or geothermal spuedsconsumption of heat in the facility’s
systems or spaces/rooms;

- Air temperature and humidity sensors — For measemnemf the air temperature and relative
humidity inside the building’s spaces or rooms;

- Air CO, concentration sensors — For measurement of th€@irconcentration inside the
building’s spaces or rooms

6.3.1.2 Main characteristics of materials/technologies
The following table describes the main charactessif the sensors to be used:

Table 10 Main characteristics of the sensors

Sensor Communication Power source Measured variables
Electrical meters Modbus RTU Self-powered from | Total consumed  active
measured circuit energy

Total consumed reactive
energy

Power factor
Frequency
Voltage

Current intensity

Heat meters MBus Battery powered Total delivered heat energy
Total liquid flow
Flow temperature

Return temperature

Air temperature and | ISM Radio (868 | Battery powered Air temperature in Celsius
humidity sensors MHz) degrees

Air relative humidity in

percentage
Air CO2 concentration | ISM Radio (868 | Mains powered Air CO2 concentration in
sensors MHz) PPM
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6.3.1.3 Strong and weak points of these materials/technologies

The strong and weak points of the presented seasaiadicated in the following table:

Table 11 Strong and weak points of different sensor types

Sensor type

Strong points

Weak points

Electrical meters

Valuable energy information
measured
Multiple energy variables
measured

Capability to measure a wide range
of circuit nominal power

Don’t need on any additional
power source as they feed from
the measured circuit

Deployment difficulty: Need of
qualified technician (electrician)
for installation of the meters in the
electrical boards

Heat meters

Valuable heat energy consumption
information

Capability to provide flow and
temperatures information

Deployment difficulty: Need of a
qualified technichian (plumber) to
deploy the meter; need to
interrupt the heat supply for
cutting the heat circuit

Usually need of a protocol
bridge/converter from MBus to
other protocol (one gateway can

be shared among several heat
meters)
Air temperature and humidity | Can be installed anywhere because | Need yearly maintenance to
sensors they communicate by radio replace batteries

Does not need external power
source as it is battery powered

Air CO2 concentration

Can be installed anywhere because
they communicate by radio

Need a mains power source

6.3.1.4 Cost benefit analysis

Despite of the sensors are not used for directggneaving, the deployed sensors network is
fundamental to identify the opportunities for enesgving while preserving the needed air quality an
for the evaluation of the results of the applieafitting in the energy consumption of the buildin

Table 12 Commercial prices of different sensor types

Sensor type

Approximate price

Energy meters

200€ to 300€ on typical applications
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Heat meter 300€ to 600€ for the heat meter on typical small pipe size
applications

200€ to 400€ for the MBus protocol bridge

Air temperature/humidity sensor 120€ to 180€

Air CO2 concentration sensor 200€ to 300€

6.3.2 Acoustic sensor network & Mobile robot platform

6.3.2.1 Available materials/technologies

A sensor network of several acoustic sensor modulébe deployed to the building. These modules
are installed at fixed locations and connected tergral processing unit via “Cat 5” Ethernet cable
Each node contains an array of eight microphoned, teansmits raw audio data to the network’s
processing unit.

The fixed sensor network is supplemented by a raabibot system, based on the MetraLabs SCITOS
G5 platform http://metralabs.cojn The basic G5 robot module already includes dnstrial PC with
Wi-Fi, and it conforms to the European CE-guiddif@r the public indoor sector and is approved by
the German Technical Inspection Agency (TUV). Adiog to the requirements at hand, it will be
extended with optional components and equipped wigtom-build modules. This includes a laser
scanner for navigation, cameras for surveillandeuahscreen display unit and acoustic sensors.

6.3.2.2 Main characteristics of materials/technologies

Acoustic data, acquired by the sensor network, diected and interpreted by the network’s
processing unit. This results in an estimationhef building’s occupancy level, which is sent to the
IAU, so the building’s systems may be adjusted ediogly.

The mobile robot unit runs on differential highdoe gear-motors, enabling driving speeds up to 1,4
m/s, or rotations up to 200 °/s. Equipped with &ticusensors and preprocessing capabilities, the
robot acts as a mobile sensor module within thedfisensor network, thus adding a dynamic
component. Such a mobile module can improve theasaretwork reliability by putting sensors right
where they're needed. The robot may compensatedak-points within the fixed network, thus the
fixed sensor network can be implemented with fesemsors, while the robot substitutes missing
sensors on demand. This makes the installatioheofixed sensor network less invasive and reduces
its costs. Just like the fixed sensors, the robatures microphones that are used to record acousti
data. Similar to the network’s processing unit, thieot will processed the acquired data and estimat
the occupancy level at the robot’'s current locatigima Wi-Fi, the occupancy level data will be
transmitted to the 1AU for interpretation.

Using acoustic event detection algorithms, the rabdt may perform safety and security duties.
Acoustic events (e.g. someone yelling for “helpdncbe detected and a notification is send to an
operator. The (remote) operator may use the ratits wameras to assess the situation.

During business hours, the robot’s touch-display oray provide information on the EcoShopping
project, current energy consumption.

6.3.2.3 Strong and weak points of these materials/technologies

In case the existing infrastructure is adequate. (iCat5” cables and power supply in suitable
locations), the installation of the fixed sensotwwek can be very cost efficient and unintrusive.
However, the building’s layout and available infrasture may restrict the placement of sensor nodes
introducing certain weak-points to the network, ethimay have an impact on the sensor network
performance. In addition cable connections to semsmlules are supposed to be no longer than about
70 meters.
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Placement of fixed sensor modules depends on tiséinexinfrastructure, e.g. network cables and
power supply. Using a mobile robot unit as an irdégd part of the sensor network compensates for
possible weak-points of the fixed sensor network.

Surveillance and audio recording capabilities mage concerns regarding privacy issues. This elate
to the fixed sensor network as well as to the neobilbot unit. However, the issue may be more
prominent with the robot unit, since its surveittarcapabilities seem to be more obvious.

6.3.24 Cost benefit analysis

While the sensor data doesn’t generate any energggs on its own, it provides vital intelligenae t
the IAU. Thus it is the part of the backbone thaldes the IAU to optimize the overall energy sgvin
potential.

The sensor network will be deployed on a singlerfl@nly. It is planned to install 9 acoustic sanso
modules, at a price of 700€ per module, i.e. 6.30Qétal. The actual positions of the sensor meslul
need be determined on-site. Processing of the sdasa will take place on the network’s processing
unit; a workstation PC for 3,000€. Additional haate for connecting all network modules (i.e.
cables, switches, Wi-Fi, etc.) will be about 500€.

Depending on the actual sensor coverage, two eethrobile robot units (35,000€ a piece), will be
used to supplement the fixed sensor network. Tautsiis for the mobile robot units will be 70.000€ to
105.000€, depending on the number of units. Whiéerhobile robot platform is more expensive than
additional fixed sensor modules, it may also penf@ecurity duties. Thus by replacing a security
employee, it has a quick “return of investment’leds than 3 years considering 1.000€ an average
salary of a security employee in IKVA shopping @snt

Table 13 Commercial prices of the acoustic sensor network and Mabilerobot

Component Count Price (per piece) Total Price
Acoustic sensor module 9 700€ 6,300€
Acoustic sensor network 1 3,000€ 3,000€
processing unit PC
Cable  connections, network 1 500€ 500€
switches, Wi-Fi, etc. (pile of items)
Scitos G5 mobile robot  unit 2-3 35,000€ 70,000-105,000€
(incl. extension modules)

Total 79,800-114,800€
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7. OPERATION AND MAINTENANCE PROCEDURES

7.1 List of procedures

The following Operation and Maintenance strategidisbe evaluated in the SWOT analysis.

Table 14 M aintenance strategies
OPERATION AND MAINTENANCE PROCEDURES

M aintenance typology

Planned / Unplanned

Reactive Maintenance

Unplanned (Reactive)

Preventive Maintenance

Planned (Proactive)

Predictive Maintenance

Planned (Proactive)

Reliability Centered Maintenance

Planned (Proactive)
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7.2 SWOT analysis

7.2.1 SWOT analysis for different technologies

Strengths « Lower start up cost — the first main advantageuoning a reactive
maintenance system is the lack of initial cost laed.

« Less staff. Due to the reduced planning, manageamtorganizatior
time involved with reactive maintenance, the apphoeequires fewer
staff to manage a portfolio or client.

» Reduced maintenance costs — a reactive maintenappmach sits
inline with a ‘run until it fails’ concept, wherelgquipment is used ds
much as possible without spending any further motiey its cost]
price.

Weaknesses » Increased cost due to unplanned downtime of equipme

» Increased labor cost, especially if overtime isdege

»  Cost involved with repair or replacement of equipine

« Possible secondary equipment or process damage émuipment
failure.

« Inefficient use of staff resources. Reactive maiatee doesn'’t proteq
or look after equipment and therefore reduces ithepan of the unit
Rather than preserve the equipment and ensureditigng in optimum
condition, a reactive maintenance approach doeehe minimum tg
keep equipment operational. The negative effecthef is that the
equipment won't fulfill its potential or return onvestment.

« Further indirect costs are found with reactive rtexiance with
equipment downtime or unreliable equipment causiegative effectg
on reputations, safety and the ability to run aifess efficiently and
productively. Furthermore,

« Reactive maintenance can be an inefficient usenpi@yee time. Both
for the operators of the equipment and the managepersonnel whd
will have to work hard to arrange repairs to be enad

—

Opportunities - Advantages to reactive maintenance can be viewed dmuble-edged
sword.
Threats e Unpredictability: One of the main disadvantages Hactive

maintenance is the unpredictability of when issoesy occur. Thig
lack of knowing may well result in either labour oraterials being
unavailable immediately and therefore delay theetteken for a repair,
increasing equipment downtime..

53 http://www1.eere.energy.gov/femp/pdfs/om_5.pdf
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Strengths «  Cost effective in many capital-intensive processes.

«  Flexibility allows for the adjustment of maintenangeriodicity.

« Increased component life cycle.

« Energy savings.

« Reduced equipment or process failure.

« Estimated 12% to 18% cost savings over reactivent@aance
program.

- Extends the useful lifecycle of assets decreadiegnieed for capital
replacements.

« Enhances the efficiency of equipment keeping themning more
efficiently and lowering power expenses.

« Enhances the performance of assets by increastimgaup

« Enhances customer (internal or external) servicalme maintenang
teams have less unplanned maintenance and canndespacker to
new problems.

« Preventive maintenance can also help companiesotade customers
(internal and external) with better customer sexvic

D

Weaknesses - Catastrophic failures still likely to occur.
- Labor intensive.
e Includes performance of unneeded maintenance.

Opportunities - Preventive maintenance doesn'’t just enhance thspien of regularly
used equipment, it enables higher performance.
«  Contributes positively to the reputation of compani

=

Threats « Potential for incidental damage to components imdoeting unneede
maintenance

54 http://www1.eere.energy.gov/femp/pdfs/om_5.pdf
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Strengths

Increased component operational life/availability.
Allows for preemptive corrective actions.
Decrease in equipment or process downtime.
Decrease in costs for parts and labor.

Better product quality.

Improved worker and environmental safety.
Energy savings.

Estimated 8% to 12% cost savings over preventiveénte@ance
program.

Return on investment: 10 times

Reduction in maintenance costs: 25% to 30%
Elimination of breakdowns: 70% to 75%
Reduction in downtime: 35% to 45%

Increase in production: 20% to 25%.

Weaknesses

Increased investment in diagnostic equipment.

Increased investment in staff training.

Savings potential not readily seen by management.

Training of in-plant personnel to effectively wtii predictive
maintenance technologies will require consideréineling.

Requires costly monitoring equipments.

Opportunities

Improved worker morale.

Threats

To initially start into the predictive maintenanosorld is not
inexpensive.

55 http://www1.eere.energy.gov/femp/pdfs/om_5.pdf
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Strengths « Can be the most efficient maintenance program.

« Lower costs by eliminating unnecessary maintenanayerhauls.
«  Minimize frequency of overhauls.

+ Reduced probability of sudden equipment failures.

- Able to focus maintenance activities on criticaipmnents.
« Increased component reliability.

« Incorporates root cause analysis.

- Efficient.

e Increased system reliability.

» Lowered costs due to no unnecessary maintenance.

«  Minimized overhauls.

« Reduced sudden equipment failures.

« Maintenance focused on critical components.

« Incorporates root cause analysis.

Weaknesses « Significant initial costs for:
e Training
- Equipment
Opportunities « RCM methodology deals with some key issues nottdei#th by other

maintenance programs.

« It recognizes that all equipment in a facility aa of equal importanc
to either the process or facility safety.

« It recognizes that equipment design and operatifiersl and that
different equipment will have a higher probability undergo failureg
from different degradation mechanisms than others.

1%

Threats «  Savings potential not readily seen by management.

56 http://www1.eere.energy.gov/femp/pdfs/om_5.pdf
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7.2.2 Conclusions

As it is described above there are several maintanstrategies:

Reactive maintenance is basically the “run it till it breaks” maintenaa mode. It has the lowest start
up cost and less staff due to the reduced planminghange, the equipment may work inefficiently,
high costs may come up due to repairs or replacenserd the unpredictability of when issues may
occur will be very common.

Preventive maintenance is actions performed on a time- or machine-ruretlaschedule that detect,
preclude, or mitigate degradation of a componerslystem with the aim of sustaining or extending its
useful life through controlling degradation to acxeptable level.

Predictive maintenance is measurements that detect the onset of systegnadbgion (lower
functional state), thereby allowing causal stressar be eliminated or controlled prior to any
significant deterioration in the component physktake.

Reliability Centered Maintenance emphasizes the use of Predictive Maintenance tgohsiin
addition to traditional preventive measuréistecognizes that all equipment in a facility aret of
equal importance to either the process or facdafety. Moreover, equipment design and operation
differs and those differences will have a higheobability to undergo failures from different
degradation mechanisms than others.

The principal motivation for commissioning or O&Mstems is to really achieve systems that work
properly to provide comfort to all the occupants afbuilding unobtrusively and at low cost.
Inadequate maintenance of energy-using systemmg@& cause of energy waste. Energy losses from
steam, water and air leaks, uninsulated lines, dijited or inoperable controls, and other lossas fr
poor maintenance are often considerable. Good erante practices can generate substantial energy
savings and should be considered a resource.

The O&M Plan for the EcoShopping demo site willassisted based on the developed sensor network
and performance baselines. Key parameters for gaipment (HVAC, Lighting) will be designed.
IAU will obtain data and provide user-friendly asse(web) to the data in order to assist building
operators to ensure proper equipment operationthédnest commissioning, algorithms will be design
to analyze actively the building operating dateereed from BAM to determine possible equipment
malfunctions. When inefficiencies of the systemf@anance are identified, the system will ensure the
control of building operators with alarm notificartis.
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7.3 Operation and Maintenance Plan in WP6

7.3.1 O&M Plan

The O&M Plan for the retrofitting of the shoppinglnin Sopron will take into account the 3rd and
4th options explained above: PREDICTIVE MAINTENANC&hd RELIABILITY CENTERED
MAINTENANCE. The aim of the methodology followed lwbe the development of the solution to
automatically:

1) lIdentify failures and inefficient system performanion operation of HVYAC equipment and
systems
2) Foresee the possible problem and alert the buildpggator to perform advance maintenance

Some of the advantages implementing the mainternamooedure will be:
1) System falts will be fixed sooner
2) Decrease the time of operating in failure or irffiogent modes
3) Maximization of the reduction in energy consumption
4) Interruption will be avoided or shortened
5) Building security monitoring for aggression detentcould also be integrated into the system.

The Maintenance plan to be developed will take aoount the posible improvement of the system
with the automatic maintenance potenciality.

The developed Web based platform that obtainsfdatasensor and the Intelligent Automation
Management can provide user-friendly access todle, and also assist building operators to ensure
proper equipment operation by:

1) Easily-viewable graphic displays

2) Plotting of data trends

3) Comparison of actual and modeled building operation

4) Analysis of building operating data received frommi#ligent Automation Unit to determine

possible equipment malfunctions.

Alarms will be generated and shown in the web émit by email) when abnormal values of the system
are encountered.

Strong and weak points, savings potential and aiypade commercial value will be studied during
the research period. This technology will be tesded improved to obtain a competitive O&M

procedure, lower costigy eliminating unnecessary maintenance or oveshantreased component

operational life, improve the quality of processwsd the environmental safety, and taking into
account always the maximization of energy savings.
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8. CONCLUSIONS

This deliverable has set a path to evaluate ancamenthe different technologies and solutions that
can be implemented in a retrofitting project of leoping centre. Although not all the studied
alternatives are available on the market or theynat suitable enough for all kind of shopping eent
(different circumstance need to be taken into astdar example, the surroundings and climates), th
assessment and study of these alternatives, imgutlie new and emerging retrofit solutions could
help designers and building owner in their decigioocess, offering them a database or guideline,
with detailed analysis in strengths, weaknessgsortynities and threats of the potential solutiand
some technical datas.

In the conclusions of each section, it has beennsmnzed the SWOT analysis of the related
technologies, and at the end of each summary we fuused on the solution that the EcoShopping
partners are taking into account in the developrstages. As a predeep research activity, this study
enables our partners to review the risk and weakipoof each technology and solution, allows us to
have a holistic view by trying to integrate diffetesolutions as a whole. Nevertheless, this stuidlly w
serve as a database of backup alternatives whesesimys problems raise with the listed solutions i
any WPs, such as the unsolvable technical difiesijtunexpected cost and unavalibility of any
component etc, the whole consortium then may resgomediately by turning into this listed
alternatives for further investigation avoiding eoasarry time lost and cost.

In some cases, the technologies to be researchédngriemented maybe not the best option
(technically, environmentaly and/or economicallyit the building as a whole can not be split up
ignoring the links between its subsystems, instaay;stemic vision is fundamental when designing a
solution for a building. The integration of diffetetechnologies by maximizing the advantage of
different technologies and solutions is clear, weanmot focus only on reducing the energy
consumption, without taking steps on the insulatiwither just use the capillary tube system whth t
old high tempreture tube, the use of RE powerd paatp should offer a proper tempreture for the
radiant system by maximizing its efficiency, whilee Intelligent Automation technologies could
optimize the system control, maximize the benéfam free (free in emission and cost) energies and
harness the Building Thermal Mass for reducing éhergy consumption, nevertherless, the O&M
could reduce the system risk and cost, maintaiiiimga heath status.

The viability and feasibility of diffrent retrofitig technologies are elemental for a project, wiike
systemic integration of them could be vital. Thidl Wwe further studied in the evaluation phase and
replicability analysis.
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9. ACRONYMS AND TERMS

SWOT: Strengths, Weaknesses, Opportunities andchtdhre
HVAC: Heating, Ventilation, and Air Conditioning
ROI: Return Of Investment

R&D: Research and Development

WP: Work Package

VIP: Vacuum Insulating Panels

VOCs: Volatile organic compounds
CFC: Chlorofluorocarbon

UV: Ultraviolet

CFL: Compact Fluorescent Lamp

LED: Light-Emitting Diode

OLED: OrganicLight-Emitting Diode
PMMA: Poly(methyl methacrylate)
NLIS: Natural Light lllumination System
DHW: Domestic hot water

PV: Photovoltaic

GHP: Ground Source Heat Pump

DC: Direct Current

CHP: Combined Heat and Power

IC: Internal combustion

COP: Coefficient Of Performance
CFCs: Chlorofluorocarbons

ARS: Adsorption Refrigeration Systems
RCC: Reverse Cycle Chiller

GMCE: Giant Magneto-Caloric Effect
PP: Polypropylene

PE: Polyethylene

PUR: Polyurethane

BMS: Building Management System
VSD: Variable Speed Drive

TVOC: Total Volatile Organic Ccompounds
PM: Particulate Matter

RH: Relative Humidity

IAQ: Indoor Air Quality
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HGBP: Hot Gas Bypass
IAU: Intelligent Automation Unit
BAM: Building Automation Management
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