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nergy use facilitates all human o o ° °
Eactivities, as well as social andll ° Enel‘gy EfflClenCY iNn PUbIIC
economic progress. Energy is e o ° °
directly related to the most pressing so- (o | nd MU NICI pa I B Ul Id | ngs
cial issues which affect sustainable de-
velopment (poverty, jobs, population
growth, health, access to social serviced,he consideration of these critical enful patterns of consumption. There is a
land degradation, climatic changes anérgy issues and challenges stresses theowing recognition that some of the
environmental quality, etc.). Countriesimportance of integrating environmen-greatest and most cost effective oppor-
all over the world, consider the pro-tal and energy policy strategies. Newtunities involve improving end use ef-
duction and consumption of sufficientenergy technologies which are environficiency by providing the same energy
energy as one of their major challengesnentally friendlier have to be adoptedservice with less energy inputs or to
The magnitude of the energy consumednd integrated into the existing globabkchieve more energy services with the
per capita has become one of the indienergy system. It is essential that envisame energy input. There are two types
cators of modernization and progress ofonmental and strategic resource coref energy efficiency measures:
a country. Thus, up to now,
energy issues and policies
have been strongly concerng
with increasing the supply o
energy. The strategic and erf
vironmental consequences
energy consumption patter
have been neglected for alo |
time. The world continues tdg
seek energy to satisfy it
needs without paying enoug
attention to the social, envift
ronmental, economic and Sea
curity impacts of its use. Tog*
day it is clear and widely acf—=s
cepted that such approaches to Specific energy consumption
energy are unsustainable. Nowadaysserns be included in the strategies of thean be reduced by 20-50% in the case
when considering complex energy pofeformed energy markets. Sustainablef energy efficiency improvements in
licy decisions the following two issues utilization of energy must also be givenexisting energy using installations and
should be central to our decision maexplicit priority through rational plan- 50-90% in the case of new installations.
king process. ning techniques such as integrated reFhese reductions can be achieved by
source planning and energy efficient acusing the most efficient energy techno-
Global oil and gas reserves may be exivities. logy available today and are usually
hausted in the course of a few generati- cheaper than increasing supply. In de-
ons. One quarter of the world populati-The adverse impacts of energy conveloping countries the potential for de-
on living in the industrialized nations sumption and production can be miti-mand reduction is even higher since the
today consume more than three quagated either by reducing consumptionechnological advancement of proces-
ters of the global natural resources. Ar shifting energy supplies to optionsses in these countries are considered to
well justified increase in the consump-better able to support sustainable de-acking those of the industrialized
tion by developing countries will put velopment objectives. Of the variousworld. The potential for further efficien-
immense pressure on global natural restarting points for efforts to reduce ency improvements through continued re-
sources. In addition, the use of energygrgy demand, it is technological perforsearch and development is high, as the
especially the combustion of fossilmance that yields the largest and mogierformance of current technology is far
fuels, forms a major and growing threaticcessible opportunities. Technologicafrom its fundamental physical limit.
to the environment and to the climatechange has by far the greatest potential
The latest assessment from the UN Clithan changes in the patterns of conThe adjustment towards greater energy
mate Panel indicates that even the presumption of goods and services, but thiefficiency requires a thorough know-
sent global level of fossil fuel consump-assessment must not preclude attempksdge on the part of those who are in-
tion is not environmentally sustainable to shift away from irrational and waste-volved. The practical projects underta-

1. more efficient end use of
energy in existing installations
through improved operation
and maintenance and/or repla-
cement of some components
2. more efficient end use of
energy in new installations,
equipment. This can be achie-
ved through systematic intro-
duction of more efficient sy-
stems and technology introdu-
ced at the point of capital tur-
nover and expansion.




ken have, in fact, often demonstrated that the durability cboling provided, i.e., setting the thermostat at a higher tem-
the installations and their maintenance are a reflection of {erature, but the reduction in customer comfort, i.e., the wel-
quality and reliability of the players involved. Feasibility stufare loss to the customer of having a lower quality of energy
dies of projects should include an analysis of the various plagrvice needs to be taken into account.

ers involved. Development programmes at local or regionghe overall objective in the evaluation of energy efficiency
level will have to depend on co-operation structures, suchmasgrammes is to provide the information required by ener-
regional or local energy agencies or even consumer assogiaplanners and policy makers to make good decisions re-
tions. These networks, involving garding investments in

possible future users, have a vithl 'ﬂ o T:S i energy efficiency pro-
. yebi

role in the process of the volunta grammes. The need to
promotion of energy efficiency support decisions regar-
The transition to energy conserva- —_— ding energy efficiency in-
tion measures is an integral part vestment programmes has
regional energy programming,. T important implications for
activity of regional energy plannin the design of the evalua-
includes the vital aspects of co-op tion and the level of con-
ration and communication. 1} - ] fidence in estimates of
The actions to be carried ou* ; .'. - T 8 programme effects. Ac-
will be done jointly with the Pra s complishing this overall
players in the region’s ene objective may require
gy field. Itis therefore, esse other itemized objectives
tial to associate as large | to be addressed by evalua-
number of partners as poss tions. These can include:
ble with this undertaking. |  Determining the annual energy reductions that result from
goes without saying that, a energy efficiency measures installed or actions taken as part
far as renewables and energy efficiency are concerned,tbiaf programme.
this aspect is extremely crucial.  Assessing the overall changes in the quality and reliability
of energy services as a result of measures installed and ac-
Energy efficiency programmes can not only reduce custiisns undertaken as part of energy efficiency programmes.
mers’ bills, but they can also improve the quality of energyAssessing the costs of the programmes used to attain thes
services. For example, residential insulation and weatherizdfects, the efficiency of delivery, and overall customer satis-
tion programs can improve comfort levels by eliminating colidction with the programmes.
spots in homes while still reducing overall energy consumpDetermining whether a single programme or portfolio of
tion. For example, commercial lighting programmes can prprogrammes is cost-effective relative to other options in mee-
vide higher quality, consistent lighting levels in work areang energy service and environmental objectives.
and, again, reduce overall energy consumption. * Translating these programme induced changes in energy
use into changes in environmental effects, e.g., changes ir
Energy efficiency is an investment, and the return on the igreenhouse gas emissions.
vestment should be assessed. The objective is to make golddsessing other potential benefits resulting from program-
decisions regarding investments in energy efficiency. Nomes which might include increased reliability of energy sup-
implementing successful energy efficiency programmes péies, reduced reliance on oil imports, improved welfare of
becoming more critical and real-time feedback on succdes income families, and other objectives that may be set by
more important. individual governments.
While any specific evaluation effort will have objectives spe-
Energy efficiency programme evaluation is best discussedific to the circumstances in that country or for that program-
terms of the provision of energy services to end-users, ime, there are a set of basic evaluation objectives to consider
residences, commercial buildings or industry. A commercial Determine the change in energy use, and if relevant, chan-
establishment with air conditioning is actually purchasinges in peak consumption resulting from the programme.
an energy service, i.e., the maintenance of comfortable th-Assess programme costs and determine whether the pro
door conditions in their establishment. The energy usedgmmme is cost-effective relative to alternatives for meeting
drive the air conditioning unit affects the cost of cooling, buhe objectives set for the programmes.
it is not the end product the customer is actually consumirgy. Assess programme implementation, marketing, and ef-
It is an intermediate product. Thus, evaluators need to fimency of delivery.Evaluation validates the expectations and
concerned with the end-use service provided. Obviouglgsumptions made in the design of programmatic efforts to
energy can be conserved simply by reducing the amountpobtect conservation resources.




While it is possible for the costs of eva-The use of fuel for heating buildingscomplementary national programmes.
luation to outweigh the value of the in-amounts to 25% of the total CO2 emisThe European Parliament Resolution
formation produced, it is more likely sions in the European Union. The en8027/2-3-94 urged the Commission to
that expenditures on evaluation willergy consumed annually rises yearlydevelop procedures for the mandatory
increase the cost effectiveness of a pr@nd in some countries this rise is signiapplication of principles for bioclima-
gramme. For example, a verificationficant. In Greece the energy consumetic architecture in public buildings. Ad-
plan that results in 8 percent of a proin the public building sector is estima-ditionally, a large number of measures
grammes cost being spent on evaluatted by the year 2000 to reach 170% ohSAVE Directive 93/76, with in which
on efforts, might improve the efficien- the energy consumed in 1990. all European countries should reduce
cy of programme implementation andin view of the intense environmentalCO2 emissions by the year 2000, con-
delivery by far more than 8 percentproblems, over the last decade effortserns measures to decrease the energy
Programme evaluations can demonstrdpave been made by countries worldeonsumed of private and public buil-

te that measures initial-
ly believed to be cost-ef
fective are actually not
cost-effective in certain
applications or building
types. In addition, if it
is understood that thert
will be no quantitative
evaluation and review.
implementation and in
spection protocols ma
be relaxed. If the staff
implementing an energ
efficiency programme
understand that pro
gramme impacts arq
going to be verified
through in-field studies,
then they are more like
ly to be diligent in pro-
posing only cost-effecH
tive measures for a site,

dings. Within this

framework, Euro-

pean countries have
or are establishing
measures, starting
with measures direc-
ted to reducing the
energy consumption
of public buildings.

Energy consumed in
buildings may be re-
duced by measures
that:

* reduce the building
thermal losses (re-
duction of infiltration
through building ope-
nings, thermal insu-
lation of the building
envelope, etc.)

* increase the ef-

and in making sure that they are prowide to decrease the energy consumeticiency and rationalize the use of hea-
perly installed. Ultimately, evaluations The United Nations Framework Con-ting systems
should provide the information necesvention on Climatic Change adopted at utilize renewable energy sources, i.e.
sary for making good decisions regarthe UNCED Earth Summitin Rio de Ja-applying the principles of bioclimatic
ding resource allocation and investheiro, in June 1992 and proposed a glarchitecture and incorporating passive
ments in energy efficiency programmesbal strategy to restrict atmosphericsolar systems
Evaluations should assist energy planemissions of gases causing the greem-overall control of the building systems
ners in assessing and managing risks adouse effect. This was followed by theand energy behaviour, by applying an
sociated with energy efficiency invest-Rome Convention of 1995. energy management scheme.
ments. This includes assessments of
programme uncertainties and their im-The industrialized nations have underJo better access the actual energy con-
plications for planning. taken, either individually, or collective- sumption profile of a building and in
ly, to bring down CO2 emissions toorder to obtain vital information on the
The building sector in Europe, is re-1990 levels by the year 2000. The EUype of measures and technologies that
sponsible for approximately 30% of thestrategy for limiting greenhouse gaswill improve the energy efficiency of
total energy consumption, approxima-emissions is based on the communityhe building an energy audit is necessa-
tely 60% of which is for space heatinglevel strategy consisting research andy. The energy audit procedure is the
This consumption results in CO2 emisdevelopment programmes (ALTE-main subject of this guide, complimen-
sions into the atmosphere, a factoNER), sectorial measures for energyed by several energy efficiency mea-
which contributes significantly to the efficiency (SAVE), regulatory, volunta- sures applicable to the public building
greenhouse effect and climatic changgy and fiscal measures, together wittsector.



Introduction

people such as janitors, plant caretakers and energyich more time due to delays in collecting data.The only
officers to take rough stock of the energy consumpmnaterials required for carrying out the audit are a calculator
tion of a particular building and to select and evaluate in&nd writing implements.
provement measures. The simplification involved doedhe costs of an audit are limited to the work hours of the
however, entail a certain inaccuracy. The results of an audigditing personnel and the interviewers. Minor costs can be
carried out on the basis of this guideline are thus to be useatailed in procuring the necessary climatic data.
for the purpose of rough estimations only. A detailed analy- . .
sis, calling in experts, will be absolutely essential above :ﬁ) use the following forms, please make enlarged copies!
before implementing
any capital-intensive
improvement measu
res.

T his guideline is designed to allow technically trainedrom the beginning to the completion of the report can take

| Using the
guideline

GUIDELINE

F (o R

\év_ing items (cf. title IMPLEMENTING
iagram): Data col-

lection, data evaluati . E N E R G Y
on, selection of ener

gy saving options ang . i - AUDITS IN

documentation in the F P UIBLI C

form of an audit re-
port. The aim is to re- N BUILDINGS
cord details con-
cerning the technica
energy facilities, the N
building, the organi- v ; B T Bernhard Puttinger,
sational structure anc ' ] ; LandesEnergieVerein
possibilities of impro- [F & ' '
vement. The energ
audit does not include further planning and implementation
of measures. A long-term energy saving programme (“ener-
gy management”) can only be introduced on the basis of the
audit results.

The “Energy Audit Guideline” essentially consists of forms
covering all separate steps such as data collection, evaluati- [ =
on and selection of energy saving measures. The forms are |
explained in the appendix. These explanations provide im-
portant details as to how to interpret the questions in the
forms and how to collect the necessary data. Thus it is im-
portant always to consult the explanations when working Energy audit forms

with the forms.

The forms follow the sequence of the auditing procedurghe forms are divided as follows:

and it is thus best to fill them in in the given order. Also, th@: Data collection,

forms are designed as master copies and can be incluggpata evaluation,

directly in the audit report so as to speed up auditing. TR& Improvement measures.

amount of work required for an audit can be estimated to li¢ie necessary details on filling in the forms can be found
at least 10 h (pure work hours); the full duration of an aud Appendix V.| “Explanation of forms” on page 16.

The energy audit
comprises the follo-




A Data collection

A.1 Basic data
Building
Addres
Phone number
Purpose
Year of construction

Officer
Date
Remarks
A.2 Climatic data; possible subsidise
Number of degree-days of last four years 19 Kd 19 19 Kd 19
Long-term (!) average of degree-days Kd
Basis of calculation of degree-days [ ]120/15 ([ 120/12) ([ 115/15) [1]
Subsidies for energy saving measures
and renewable energy sources
Remarks
A.3 Energy bills
A.3.1 Fuel consumption of last four years
Mode of data collection: [ 1Energy bills + reserve level [ ] Energy bills only
Energy source 1: Purpose: [ JHeating [ ]Hotwater [ ]
Calorific value H: [ kwWh/ 1| kg | m3]
| Year 19 Year 19 Year 19 Year 19 | Avg|
Amount [l kg | m3]
Amount [kWh]
Costs [ ]
Costs [__/kwh]
Energy source 2: Purpose: [ JHeating [ ]JHotwater [ ]
Calorific value Hu: [ kWh/ 1] kg | m3]
| Year 19 Year 19 Year 19 Year 19 Avgl
Amount [I'] kg | m3]
Amount [kWh]
Costs [ ]
Costs [ __/kWh]
A.3.2 Electricity consumption of last four years
Energy source electricity Purpose: [ JHeating [ ] Hotwater [ ]Lighting,
| Year 19 Year 19 Year 19 Year 19 | Avg|
Amount [ kWh ]
Costs [ ]
Costs [ __/kWh]
A.3.3 Total energy consumption of last four years
[ Year 19 Year 19 Year 19 Year 19 Avg|
Amount [ KWh ]
Costs [ ]




A3.4

Fuel supply contracts

Do long-term supply contracts exist

If so: Conditions of contracts

If so: Withdrawal possible

Alternative supply contracts examined

[ 1No [ ]Yes, which:

[ ] Good [ JAverage [ ]Bad
[ INo [ ]Yes,

on regular basis [ 1Yes[ INo
1
A.3.5 Rate structure electricity The number in brackets refer to the number of| the
Electricity price (working price) for possible improvement given in in annex C, pagg 12.
different times of day and seasons
(e.g.: day/night, summer/winter) [ / KWh]:
Basic charges last year ]
Do fines exist for excessive consumption [ INo [ ]Yes
[M25] Were such fines paid last year [ 1No [ ]Yes, totalling
Remarks
A.4 Building plans
Heated gross floor area Cellar: m2 Ground floor: m2
Upper floors: _ * m2 Attic conversion: m2
Total heated gross floor area m2
Remarks
A.5 Building inspection
A.5.1 Building
[M33-38| [ Building section Structure (materials) Thermal quality (good/averagg/bad) Remarks, (gen. dondition)
Outside walls
Ceiling above
unheated cellar
Top intermediate floor / attic
conversion
Windows
Outside doors
[M41] Radiator niches insulated [ 1Yes[ ] No
Mould formation [ INo [ ]Yes, where:
[M34| Damp walls [ TNo [ ]Yes, where:
[M04| Windows and outside doors shut tightly [ 1Yes[ ] No
A.5.2 Heating — heat generation
[M43]| Type of heating [ ] Central heating [ ]Single storey [ ]Single stove
Type of heat generator [ ] Fuel boiler [ ] Heat pump [ ] Distant heating
[M44] Number, type, year of construction
and output of respective heat generator
[M45] Energy sources used
[M44] Output is [ ]Inadequate [ ]Adequate [ ] Too high
[MQ5]| If boiler: boiler insulated [ 1Yes, __ cm, material: [ TNo
[MO5]| If boiler insulated: insulation [ 10K ] Faulty or damp
[MQ8| If boiler: inside heating surfaces [ ]Clean [ ] Little coating [ ] Severe coating
[MQ8| If boiler: burner [ ]Clean [ ] Little coating [ ] Severe coating
If heat pump: heat source [ TAIr [ ]1Soil[ ] Water
Installed thermometers [ ] Boiler [ ]Feed [ 1Return [1]
Other measuring equipment [ ] Pressure gauge [1]
[IM08| Extensive maintenance, service [ TAnnual [ T Never [1]
[M10] Additional electric radiators [ TNo [ ]Yes,
[M46| Heat supply control [ JAutomatic [ ] Manual [ 1 None
IMO6] Rooms heated at night [ INo [ ] Partly [ ] Full heating
[M06] Rooms heated in breaks (holidays, etc.) [ 1No [ ]Partly [ ] Full heating

Heating period usually lasts

from to




A5.3

|[M49|

|[M48|

|[M49|

IM47]
[MO9)|

[M11]
MO8
A5.4
[M51]

|M45|

[M14|
IM50]|

IM12|
[M15]
[M50]|
IM52]
[M13]|
A5.5

[M17|

IM18]
IM21]
[M20]
[M20]
[M19]
IM53]|
IM22]

IM16]
IM42]

Heating — heat distribution

Heat distribution

If buffer storage: insulation
Distribution temperature feed
Distribution circuit:

number and building sections heated
Separate distribution circuits for
building sections with different
usage / facing

Distributing pipes through unheated
rooms: insulated

Pipes tight

Distributed medium

If steam system: is condensate recycled
If water system: regular deairing

of heating equipment

Heat provided by

Thermostat valves in heating equipment
Heat provision impaired by curtains,
coverings, etc.

Radiators in non-heated rooms
Maintenance and internal cleaning
of distribution system [ ] Annually

Hot water supply
Water heating system

If separate: type, number, year of
construction and output of heat
generator, energy sources used.
Tank storage

If tank: storage temperature

If tank: insulation

If tank: Tank contents fully  heated
Tank heated in prolonged breaks
Maintenance heat generation + tank
Hot water distribution pipes insulated
If large distribution system:
circulation system

Hot water used for

Where and how can hot water be saved

Ventilation

Building ventilation

If central ventilation system:
Ventilation system with

Ventilation system in operation during

prolonged breaks (weekend, holidays)

Mechanical (de)humidification

of air at night although unnecessary
Air temperature, fresh air humidity

in summer

Air temperature, fresh air humidity

in winter

Change of air in rooms

Heat recovery system

Maintenance and service of system
If manual:

Windows open during heating period
During heating period outside doors are

[ ] Direct [ ] Buffer storage
[ 1Yes, (OK)__ cm, material: [ TNo
___°C

[ 1Yes[ ] Partly [ TNo

[ 1Yes, (OK)__ cm, material: [ TNo
[1Yes [ 1No
[ ]Water [ ] Steam

[ 1Yes[ ] No

[ 1Yes[ ] No
[ ]Radiators [ ] Underfloor heating [ ] Fan heaters
[ 1Yes [ ]Partly [ 1No

[ T Never [ ]Partly [ ] Often
[ INo [ ]Yes, where:

[ ]1Every _years [ T Never []

[ ] with heating [ ] separate from heating in summer

[ ] always separate from heating

[ 1Yes[ ]No
°C

[ 1Yes, (OK)__ cm, material: [ TNo
per week _ weeks/year
[ INo [ ]Yes
[ TAnnual [ 1 Never [1]
[ 1Yes, (OK)___ cm, material: [ TNo
[ 1Yes[ ] No

[ ] Central ventilation system [ ] Manual (windows, individual fans)

[ TAIr heating [ ] Air cooling [ ] Air (de)humidification

[ 1No [ ]Yes,

[ INo [ ]Yes
[ 1Too high [ JAdequate [ ]Too low

[ ]JToolow [ ]Adequate [ ]Too high
[ ]Inadequate [ ]Adequate [ ] Excessive
[ 1Yes[ ] No
[ TAnnually [ ] Never [1]

[ 1 Never [ ] Briefly [ ]Lengthy periods
[ ] Usually closed [ ] Often open

[ JAlways tilted



A.5.6 Electrical appliances and other relevant power consumers

M24,55| Appliances Ng.  Average output [kW] Mode of use (gbood Energy efficiency (high
capable of improvement) average | low)
Fans
Pumps

Electric radiators

Refrigerating equipment

Electric hotplates

Gas cooker

Copier

Other:

Other:

[M54]| Lighting chiefly by means of
[M23| Lights on during day-time

or during breaks [ TNo [ ]Yes,

[ ] Low-energy bulbs [ ] Fluorescent lamps [ ] Halogen lamps

A.5.7 Details of use
Breaks between use of building
[MO7| Room temperature of heated rooms

[ T Night, from __to
°C

Remarks

[ 1Weekend,

[ ] Holidays,

A.6 User / administrator opinions

A.6.1 User indications
Room comfort
[MQO7| Temperatures in rooms
[M46] Room overheating in direct sunlight

[ ] Good
[ ] Too low
[ 1No [ ]Yes, where

[ TAdequate

[ TAdequate

[ ] Insufficient
[ ] Too high

|[M33-38| Feeling of cold: [ INo [ ]Yes, where

[M04,19| Draughts [ INo [ ]Yes, where

IM__| Radiators equally warm all over [ 1Yes[ ] No
[M__| Lighting [ ] Good [ JAdequate [ ] Insufficient
[M16] Windows open during heating period [ ] Never [ ] Briefly [ ]1Lengthy periods [ ]Always tilted
IM__| User ideas how and where to save
energy

A.6.2 Administrator / manager indications
What is the motivation to save

energy [ 1 Reduce costs [ ]Increase comfort [ ]

Do you have energy saving

objectives [ 1Yes, [ 1No
[M32| Do you have an energy officer [ 1Yes, [ 1No
[IMO1| Is energy consumption recorded [ TMonthly  [TJAnnually [ ]No
[M31] Are plant caretakers trained [ 1Yes, [ 1No
[IMO3| Are users informed about energy

saving possibilities [ 1Yes, [ TNo

Have improvement measures been

carried out [ 1Yes, [ 1No

Capital available for economic

improvement measures [ 1Yes, [ TNo

Will audit results be followed up

(fine diagnoses, implementation of

measures) [ 1Yes, [ TNo
IM__| Energy saving ideas

Remarks

[ ] Electric light bulbs



B Data evaluation

B.1 Energy application, energy consumption and energy costs

B.1.1 Energy sources and use

Energy source Heating Hot water Ventilation Other:
[] [] [] []
[] [] [] []
Electricity [] [] [] []
B.1.2 Average energy consumption and energy costs of last four years
| Energy source Consumption Consumption Costs |
|| kg | m3 /year kWh/year lyear
|| kg | m3 /year kWh/year __ lyear
Electricity kWh/year lyear
| Total kWh/year year |
B.1.3 Development of specific energy costs (price per kwh)
[Eneray source 19 19 19 19 |
/kWh /KWh /kWh /kWh
/kWh /KWh /kWh /kWh
Electricity /kWh /kWh /kWh /KWh
B.1.4 Development weather-corrected | actual energy consumption, analysis
Weather correction possible [ ]Yes [ INo!
[Energy source 19 19 19 19 |
kWh kWh kWh kWh
kWh kWh kWh kWh
Electricity kWh kWh kWh kWh
| Total kWh kWh kWh kwh |
Fuel consumption trend [ ]dropped [ ]Jconstant [ ]Jincreased [ ]no trend discernible
Explanation
Electricity consumption trend [ ]dropped [ ]Jconstant [ ]Jincreased [ ]no trend discernible
Explanation
Total energy consumption trend [ ]dropped [ ]Jconstant [ ]Jincreased [ ]no trend discernible
Explanation
Remarks

B.2

Heated gross floor area

Energy ratio of building

m2

Which energy consumption is used
for calculation:

[ ] Weather-corrected consumption of previous year
[ 1 Non weather-corrected average consumption

Deviation from
comparable value

Energy ratio of
comparable buildings

Energy ratio
of this building

Heat [kWh/m2year] [kWh/m2year] %
Electricity [kWh/m2year] [kWh/m2year] %
| Total [kWh/m2year] [kWh/m2year] %]




The energy ratio of the total energy

consumption compared to similar

buildings [ ]Lower [ 1 Roughly the same [ ] Higher
Cause of deviation

Remarks

B.3 Energy saving potential

Possible energy savings [ 1High [ TAverage [ ]Low
Experience shows economically

meaningful energy saving potential is

roughly %

Remarks

B.4 Detailed energy evaluation

Thermal quality of building [ 1High [ TAverage [ ]Low
Annual level of use, heating [ 1High [ JAverage [ ]Low
Output of heating system [ JToolow [ ]Adequate [ ]Too high
Annual level of use, hot water [ 1High [ JAverage [ ]Low
Efficiency of ventilation system [ 1High [ JAverage [ ]Low
Efficiency of lighting [ 1High [ JAverage [ ]Low
Efficiency of other energy consumers:

[ 1High [ JAverage [ ]Low
Efficiency of other energy consumers:

[ 1High [ JAverage [ ]Low
Mode of use of building by users [ ]1Energy saving [ JAverage [ ] Not energy saving

Remarks

C Improvement measures

C.1 Measures |: Requiring little capital, can be implemented immediately

No. Measure Energy savings Details
High Avg. Low

General

01 [1] Regular (annual) recording of energy consumption X

02 [1] Conclude new supply contracts X*

03 [1] Inform users about energy saving X
Building

04 [1] Windows and doors: Seal gaps X
Heating

05 [1] Insulate boiler X

06 [1] Shut down boiler in breaks, reduce
room temperatures at night X

07 [1] Reduce room temperatures X

08 [1] Service heating and adjust feed
temperature and burner X

09 [1] Do not obstruct radiators
(curtains, radiator casings) X




No. Measure Energy savings Details
High Avg. Low
10 [1] Remove electric radiators X*
11 [] Shut off unnecessary radiators X
Hot water
12 [1] Optimize hot water system operating times X
13 [1] Save hot water (economic showerheads, etc.) X
14 [1] Reduce storage temperature t6G0 X
15 [1] Regular maintenance of hot water system X
Ventilation
16 [1] Brief periods of through-airing if not automatic X
17 [1] No air-conditioning X
18 [1] Shut down ventilation and
air-conditioning during holidays X
19 [1] Adjust air change rate to requirements
(reduce) X
20 [1] Set air-conditioning to max. permissible
room temperature and humidity in
summer, min.in winter X
21 [1] Shut down air-conditioning
(de)humidifying at night X
22 [1] Regular maintenance of ventilation X
Lighting
23 [1] Switch off lighting when not required X
Other energy consumers
24 [1] Optimise mode and times of use X
25 [1] Reduce peak electricity loads by
means of suitable measures, e.g.:
Harmonize times of use X*
Other measures:
26 | []
27 | []
28 | []
29 | []
30 [ []

* no energy savings but energy cost savings

C.2 Measures II: Requiring capital and economic efficiency analysis

No. Measure Energy savings Costs Details
High Avg. Low | High Avg. Low
General
31 [] Energy training of staff X X
32 [1] Appoint energy officer X X
Building
33 [1] Insulate outside walls X X
34 [1] Dry outside walls X X
35 [1] Insulate top intermediate floor,
and/or roof X X
36 [1] Insulate cellar ceiling X X
37 [1] Replace windows X X
38 [1] Install additional glazing X X
39 [1] Install porch (inside) X X
40 [1] Close stairs at each storey (doors) X X
41 [1] Insulate radiator niches, lintels X X
42 [1] Automatic outside door closer X X




* no energy savings but energy cost savings

Il Follow-up work

mprovement measures c3

be implemented in

stages:
Immediate implementation o
organisational measures indicj
ted in C.1 entailing minor cost
only. Monitoring of achievable
energy savings and continge
economic efficiency of various
clusters of measures (on t
basis of measures listed in C.
and selection of the best cluster

No. Measure Energy savings Costs Details
High Avg. Low | High Avg. Low

Heating

43 [1] Central heating or distant heating instead
of single heating in building complexes X X

44 [1] Replace boiler X X

45 [1] Use renewable energies (e.g.
solar, biomass heating) X* X

46 [1] Install automatic control X X

47 [1] Radiator thermostat valves X X

48 [1] Separate heating circuits for building
sections with different uses X X

49 [1] Insulate distributor pipes, buffer storage X X
Hot water

50 [1] Insulate pipes and storage tank X X

51 [1] Decouple hot water and heating in summer X X

52 [1] Hot water circulation system X X
Ventilation

53 [1] Heat recovery system for ventilation systems X X
Lighting

54 [1] Replace light bulbs with fluorescent or
low-energy lamps X X
Other energy consumers

55 [1] Replace old, inefficient appliances X X
Other measures:

56 []

57 []

58| []

59 []

60 []

tion of the selected clu-

ster of measures taking
into account possible

subsidies.

In addition, energy re-

guirements should be

identified and evaluated

in accordance with B.1

at least once a year. It
also makes sense for the
administration to set a

clear-cut energy saving

objective, e.g. 35% re-

duction of energy requi-

of measures by experts (energy consultants, building enigiments (weather-corrected) in 4 years or reduction of (wea-
neers, heating system planners).Financing and implemeriter-corrected) energy costs by 20% in 2 years.



IV Reporting

Proposal for content of energy audit report:

Cover sheet 1 page Energy audit report, building and location, officer and date of creation.

Contents 1 page Introduction, 1. Summary of main results,
2. Data collection, 3. Results of stock-taking, 4. Selected energy saving meastres, 5.
Proposal for further procedure, 6. Appendix (Tables and form explanations, notes,

other sources). ! Table of contents can also be integrated into the cover sheet !

Introduction 1 page General remarks on the energy audit, auditing procedure, general remarks o the
energy audit report.

Summary of main results 1 page Important data and results, selected measur
es, notes on follow-up work, remarks

Data collection 5 pages Forms A Data collection

Results of stock-taking 2 pages Forms B Data evaluation

Selected energy saving
measures 2 pages Forms C Improvement measures

Proposal for further
procedure 1 page (Cf. No. 1l1), expert calculation of economic efficiency, selection of a cluster ¢
measures, implementation of the selected cluster of measures, parallel to this
regular recording of consumption data, objectives

=

Appendix Several pages Tables used, possibly form explanations, notes, other data recorded (energy bills, .

The entire energy audit report thus comprises
approximately 12 - 20 pages. The report should
be presented to all persons involved (plant
caretakers, energy officer, administration,
financial department, manager, decision-makers).
What is more, anyone interested should also be
able to read the report.



V Appendix

V.I Form explanations

A
A

Al

A2

A3

A3.1

A.3.3
A3.4

A.3.5

A4

A5.1

A5.2

Data collection
Data collection

Building
Use

Number of degree-days of
last four years

Subsidies for energy
saving measures and
renewable energies
Energy bills

Fuel consumption

Calorific value H

Table

Total energy consumption
Conditions of supply
contracts

Rate structure electricity
fines

Heated gross floor area

Building

Number, type, output, ....
year of construction of
heat generators

Output is
Installed thermometers
Additional electric

radiators

If steam system:
Condensate recycled

Often, additional people need to be consulted for data collection: Janitor, plant caretaker and
energy officer, e.g. for A.3 and A.5.
Name of building, e.g. “Pdrtschach primary school”

School, kindergarten, administration building, homes, fire brigade, hospitals, sports buildings, etc.

() The number of degree-days is a measure of how cold or warm a particular year
has been. If the number is high, it was cold and energy consumption for heating purposes will be
equally higher than usual. The number of degree-days is taken to compare the annual energy consumption of a building
that of another.
() This data is often not easy to obtain but is extremely important for the audit! The number of degree-days for the
nearest town can be obtained from any national meteorological station and also often from heating system planning offic
There are certain calculations employed to compute this value, depending on the room temperature and outer temperatt
Please obtain data on the 20/15 (22@oom temperature and °5 outer temperature - heating starts at this temperature)
basis of calculation. Another important factor along with the number of degree-days is the long-term average of degree-d:

This information can be obtained from the national energy agency and from energy consultation cdtioe$o Inadshal
subsidies, most Central European countries also offer local subsidies; contact local authorities for details.
The energy bills of the last four years are normally stored in the financial department of the administinatjcerel not
available, they can generally be obtained fairly easily from energy supply companies.

Ideally, the annual fuel consumption is ascertained as follows: The amount of energy purchasedlthibgear p
existing reserve at the beginning of the year is reduced by the amount of unused energy at the end of the year. Ifithis calcul:
is not possible because the storage level was not read at the end of the year in previous years (tank, storage room), or if
storage level cannot be estimated retrospectively, the amount of energy must be ascertained on the basis of the energy b
this year. This procedure is, however, extremely rough and unfortunately often gives a false picture.
The “lower calorific value Hu" is the energy contained in a particular fuel. This value is only necessary for converting kg, |,
m3 of fuel into energy. Generally it is indicated in energy bills, if not it can be obtained from the fuel trader or cad e fou
Table 2 in the Appendix for Central European locations. The unit of measure can be taken as |, kg and m3, delete as applic:
The national currency should be added to all costs. The average amount of energy used and costs should be calculated
normal arithmetic mean — add up all energy consumptions and divide by the number of consumptions. The costs per kWh
be computed by dividing the costs by the amount.

The total energy consumption is the sum of electricity consumption and consumption of eligitiser en

Compare by consulting various fuel traders; please indicate remaining term of contract.

Enter the national currency unit in the square brackets! Basic charges are charges not connected to consumgiast If fines
for excessive consumption, check whether such fines had to be paid last year. If this is often the case, agree on & higher
of consumption. If not, negotiate a lower level of consumption on a trial basis.

The gross floor area is a reference quantity for energy consumption. It is the sum of all hidatedragsaequipped with
heating. The outside dimensions should be used (incl. wall). The total heated gross floor area is the sum of all storeys.
The depth is measured from one level of flooring to the next level of flooring. If no plans are available calculate thergross f
area with a tape measure on site. Please note that the outside dimensions must be used for this calculation!

Enter individual materials and thicknesses in the column “Structure”. The thermal quality should be evaloiéted as f
(evaluation for Central European climate):

() Outside walls: “Good” if more than 6 cm high-grade insulation or 38 cm thermobrick wall without insulation, “Average”:
approx. 30 cm cored brick masonry without insulation or concrete wall with up to 6 cm insulation; “Bad”: no insulation;

() Ceiling above unheated cellar: “Good”: more than 6 cm insulation, “Average”: Hollow filler block floor without insulation
or reinforced concrete floor with little insulation; “Bad”: Reinforced concrete floor or similar without insulation.

() Top storey ceiling: “Good”: more than 12 cm insulation, “Average”: 5-12 cm insulation; “Bad”: less than 5 cm insulation.
() Windows: “Good”: Two or three-pane thermopane glazing with gas filling; “Average”: Two-pane thermopane glazing; “
Bad”: Single glazing.

() Outside doors: “Good”: Wooden doors; “Average”: Plastic doors, metal doors with core insulation, double glazing; “Bad’
Metal doors not insulated, glass doors with single glazing.

Indicate the general condition of the building, damp, age, etc., under Remarks.

The output of the boiler can be seen on the type plate. The output should be indicated in kW. Conveffsipotfaators
performance units can be found in Table 1 in the Appendix.

The output (thermal performance for heat pumps!) of the heating system is “Too high” if the full capacity isradteesjui
on cold winter days, or if the boiler is only in operation at times (often the case in old buildings). The output is “Toa low”
comfortable room temperature is not achieved on normal winter days although the boiler is running at full capacity.

Check proper functioning of thermometers also!

Please indicate the number, average output and estimated operating hours p.a. Electric radiators should beheyplaced a
cause high energy costs (high electricity costs).

Is condensate fed back into the boiler, used for other purposes or does it enter the waste water unused?



A5.3

A5.4
A5.5

A5.6

AS5.7

A6.1

B.1.1
B.1.2

B.1.3

B.1.4

B.2

B.3

Separate distribution
circuits for building
sections with diff. ..

If tank: ... fully heated
Air temperature and
fresh air humidity...

Air change in rooms

If manual: Windows are ...

Electrical appliances and
other relevant energy
consumers

Room temperature in
heated rooms
Radiators equally warm
all over

Data evaluation

Energy sources and use
Average energy
consumption and
energy costs

Development of specific
energy costs
Development of weather-
corrected | actual energy
consumption, analysis

Energy ratios of the
building

Energy saving potential

Separate distribution circuits for building sections with different uses or different facing allowefeffroient distribution
of heat as unused heating circuits (e.g. for south-facing building sections) do not have to be operated.
If the tank is heated up to half maximum twice a week, for example, enter full heat-up “@ee&’per

Generally speaking, 65% dehumidification of outside air in summer, and 30% humidification in wintemiteddenormal
comfort.

The minimum air change can be ascertained by testing. If draughts occur although the air is not fohéthe ite is
often excessively high. If the air is foul, the air change rate is too low.

Intermittent airing makes sense during the heating period if no air-conditioning system is@pall@darge number of
opposite facing windows briefly.

Indicate most important consumers only, i.e. those with high output and/or prolonged operating times. The madamsf use
the way appliances are used: e.g. if appliances are left on when not in use, the mode of use is capable of improvement.
energy efficiency of an appliance should be judged good if energy consumption conforms to the latest standard of modet
appliances (subjective assessment is adequate!). A far higher consumption should be rated “Bad”, as is the case above al
very old appliances.

If room temperature is reduced by XK 6% heating energy can be saved (applies for Central Europe).

If radiators are not equally warm all over, they often need to be deaired.

Please indicate the main uses of energy sources (heating, hot water, ventilation, lightimgstoogirmoling, ...).

The data can be found in the “Data collection” form, items A.3.1 to A.3.4.
The unit of consumption can be taken as |, kg and m3 (each per kWh). Please delete as applicable.

The data can be found in the “Data collection” form, items A.3.1 to A.3.4.

() As opposed to hot water requirements and most electricity applications, the heating energy sadgjemdenti seasonal
climatic fluctuations. Hence, the heating energy requirements should be corrected with the aid of the number of degree-c
computed inA.2, i.e. converted to a “model climatic year” for the particular location. The heating energy consumption (= su
of all energies apart from electricity) for a specific year is divided by the number of degree-days of that year andphet multi
by the long-term degree-days.

() If electric radiators are being used in addition to a fuel-fired heating system, do not weather-correct the datasfof reason
simplicity. However, if heating is chiefly generated by electricity, the amount of electricity required for this purposeeshould
recorded (usually a separate sub-meter for heating only) and corrected with the aid of the number of degree-days. If no
separate meter is installed no weather-correction, nor breakdown of heating energy requirements and other electricity
requirements can be carried out! Please indicate under “Remarks”!

() If no number of degree-days is available the uncorrected data must be used. The severity or clemency of a particular
must be taken into account for subsequent analysis!

() Explanation of development of consumption: Frequent causes of consumption changes are increased comfort needed i
building, additional energy consumers, deviations in periods and modes of use. Also technical defects of energy equipme
and changes in the quality and size (extensions) of buildings. If no weather correction was possible, the severity or cleme
of the heating periods of a particular year must be taken into account.

() The heated gross floor area can be found in A.4.2.
() The energy ratio of the building can be computed quite easily by dividing the weather-corrected energy consumption of
previous year from B.1.4 (if not available: average total energy consumption from B.1.2) by the heated gross floor area. T
calculation is carried out for heat consumption (= sum of individual energy sources use for heating and hot water), electric
consumption, and total energy consumption. Checksum: The sum of heat and electricity energy ratios must equal the tot
energy ratio.
() The energy ratio of comparable buildings can be seen in Table 3 in the Appendix. The energy ratio indicated there mu
however, be converted to the climatic situation of the particular location. This is done by dividing the energy ratio by the
reference number of degree-days 20/15 (= 3439 Kd, Dusseldorf, Germany) and then multiplied by the number of degree-c
(long-term) of the location. If no number of degree-days is available (basis of calculation 20/15!), the uncorrectedlziata mus
used. In this case, the varying climatic conditions at the location and in Dusseldorf (Germany) must be taken into account
subsequent analysis!
() For this analysis, the differences between various installed energy consumers must be taken into consideration (ventila
system, school swimming pools, etc.). It must also,be taken into account that the reference energy ratio was computed f
1987 and that buildings have meanwhile been vastly enhanced in terms of energy efficiency. The average energy ratios |
Central Europe will be far lower, whereas these values will probably be well suited for comparison in Eastern European
conditions!
() The deviation from the reference number should be indicated in per cent and can be calculated as follows: Energy rati
the building divided by the reference energy ratio, then multiplied by 100 equals the deviation in per cent.
() Cause of deviation: Frequent causes include more/less energy consumers, lower/higher room temperatd@&s than 20
different mode and periods of use, but also, of course, more/less efficient equipment and buildings.

() A rough estimate of the energy saving potential is indicated in Table 4 in the AppendixeAhiraystd that the energy
ratio is based on the number of degree-days in Dusseldorf (3439 Kd). Hence, in order to rate the total energy ratio of the



B.4

C

Thermal quality of the
building

Annual level of use,
heating

Output of the heating
system

Annual level of use, hot
water

Efficiency of the
ventilation system

Efficiency of lighting

Efficiency of other energy

consumers

Mode of use of building

building — as opposed to B.2 - it is necessary to convert the energy ratio to this number of degree-days. In ordereio do so
total energy ratio is divided by the number of degree-days (long-term) of the location and then multiplied by the reference
number of degree-days (= 3439 Kd, Dusseldorf, Germany). Then the Table gives a rough estimate of the achievable ene
savings according to experience on the basis of the use of the building and the computed energy ratio.

() If no number of degree-days is available, the uncorrected data must be used. Differences between the climatic conditior
the location and Dusseldorf (Germany) must be taken into account. If the climate of the location is more clement than in

Germany, it is necessary to add an estimated amount to the energy ratio of the building before consulting Table 4 fpr the en
saving potential. If the climate of the location is more severe, the energy ratio must be accordingly reduced to be able to

compare it with the table.

() It should be pointed out once more that even if all economic improvement measures are implemented, energy savings
only be achieved if the mode of use of the building is not changed (e.g. increased comfort by increasing room temperatur
If it can be expected that comfort will increase, the energy saving potential will be accordingly lower!

The subjective evaluation of thermal quality can be ascertained on the basis of the individual assessmentsmustb4. It
noted that the greatest influence is posed by the outside walls, then the top floor ceiling and then windows and cellar roo
Outside doors have practically no influence.

The annual level of use is a measure of how much (fuel) energy is converted into useful heat and passed on terthe consi
(rooms); the higher, the better.

This value is influenced by (in order of significance) (cf. A.5.2, A.5.3): Age, dimensions of the boiler (excessive owtput = ba
insulation of boiler and piping, mode of control and maintenance. The annual level of use can be judged as being “High” if t
boiler was built after 1978, if the output is adequate and if boiler and piping are well insulated (boiler: approx. 16gm, pipi
thickness of insulation equals inside diameter of pipe) and if an automatic control is installed. The annual level of use is
regarded as being “Low” with old, oversized and rarely serviced systems without automatic control and little insulation. Tt
annual level of use can only be measured in detail by experts.

Calculate as in A.5.2!

Depends on the type of heating (coupled with or separate from heating in summer), the efficiency of the heat generator,
insulation of the tank and piping, and the storage temperature (cf. A.5.4). Hot water heating is “Bad” if coupled with the
heating in summer and if the tank is only poorly insulated at an excessive storage temperature. A “Good” hot water heati
system is separated from the heating system in summer (or all year round) with an efficient heat generator, adequate stc
temperature (normally 8C) and tank insulation (e.g. 10-15 cm mineral wool) and pipes (thickness of insulation equal to
inside diameter of pipe).

Only to be filled in if mechanical ventilation is used!
Influenced greatly by: Heat recovery, fresh air humidity and temperature setting, and maintenance (cf. A.5.5). Efficiency i
only “High” if a heat recovery system is in use, if fresh air conditions are adequate (cf. explanation of A.5.5), andyf regula
serviced. Efficiency must berated as being “Low” if no heat recovery system is installed and if maintenance is omitted or
fresh air is excessively conditioned.

“Normal” light bulbs are extremely inefficient. Thus, if the lighting system is mainly light bulb ophetregesfficiency will be
“Low”; if some amount of lighting is via low-energy bulbs, fluorescent lamps and halogen lamps it will be “Average”, and if
he latter light sources prevail it will be “High” (cf. A.5.6).

Evaluation as in A.5.6, for a comprehensive evaluation please observe the relevance of the individual energyinonsumer
terms of energy consumption).

Influenced by (in order of significance): Height of room temperature, airing behaviour, way hagktatgrahd other
energy consumers are used (cf. A.5.4 to A.6.1). Excessively high room temperatures and rooms with permanently tilted
windows and careless use of light and other appliances must be rated “Bad”, adequate temperatures, correct airing beha
and general energy-conscious behaviour should be rated “Good”.

Improvement measures

C.1-C.2 Improvement measures

() C.1 and C.2 are catalogues of improvement measures that can be directly integrated irgpdtie@udéontains
measures that help save energy and that can be implemented with little or no costs. These are mainly so-called “organisatic
measures” that can be implemented immediately without any further analysis. Catalogue C.2, in contrast, contains all ott
measures that can help reduce energy costs, but which essentially require capital (money) to obtain. These measures gen
make sense (not always) in terms of business management (depending on the local situation, the building and the enert
equipment). As opposed to Catalogue C.1 these measures must be reviewed by external experts (energy consultants, he
system planners) prior to implementation. What is more, these experts should also suggest a meaningful combination ar
carry out implementation planning.

() Forms C.1 and C.2 show a general indication of how high the contribution of each measure to energy saving can be. (
also indicates the costs involved in implementing the measures. It also allows a rough estimation of the economic efficienc
the measure. If the energy savings are rated higher than the costs, the measure will generally pay off very quickly. If the
reverse is true, the measure will tend not to be economically efficient. If savings and costs are in balance, the measure w
generally pay off, albeit over lengthier periods.

() The simplest way to fill in forms C.1 and C.2 is as follows. The forms for data collection (A) often contain small-print
references to the improvement measures in C.1 and C.2 in the left column (e.g.: “[M45|" : “M” stands for measure, the num
is the number used in forms C.1 and C.2). If the data collection forms are now re-examined, checking each question witt
reference as to whether the checked condition is improved - in terms of energy efficiency — by the indicated measure this
measure can be checked in the forms C.1 and C.2. The following applies as a general rule: Conditions capable of improver
are indicated furthest right in the list of possible answers in the data collection forms (A).

() Example: “A.5.1 |[M04| Windows and outside doors shut tightly: [ ]Yes [X] No"“ Measure 04 is: “Seal windows and
doors”. As windows and doors do not shut tight according to the answer (“No”), M04 is an improvement measure and is
checked in C.1.



V.II Tables

() References without a number ( ,|M

“) indicate that although improvement measures make sense here, they are that listed ir
pre-printed catalogues C.1 and C.2. These and other measures not listed can be added in the space provided for furthietheeasure:

bottom of C.1 and C.2. Note that the measure is properly assigned to C.1 or C.2 according to the kind of measure. Mersoygr, the
savings (high, average, low) and in C.2 the costs (also high, average, low) should be estimated.

() The column “Remarks” is designed for detailed information concerning the selected measures. Describe here the scope of the
measures (sections affected, how far must the measure go), the necessity and urgency of the measures and, abovened,dhe releve

the measures in terms of the expected energy savings for this building specifically (as opposed to the middle column containing

general energy savings). Note for audit report: The most relevant measures should be summarized again separately in the aud
port (in addition to the forms) so as to provide a clearer breakdown! Moreover, a note should be added to the “Remarks” column
several measures have been proposed and if implementing all these measures does not make sense; e.g.: M37: “Replacg window

M38: “Install additional glazing”. As it is rather pointless to install additional glazing and then replace the same wint®ghauld

be made in the “Remarks” column indicating this fact.

Table 1: Conversion of performance units and Sl prefixes

*NB.: 1 kcal/h = 1 WE/h

Table 2: Calorific values of various energy sources in Central Europe (Austria)

Conversion of performance units Sl prefix

1kw =860 kcal/h = 3600 kJ/h k=* 1000
1kd/h= 0.000278 kW = 0.2389 kcal/h M=% 1000 000

1 kcal/h* = 0.00116 kW = 4.186 kJ/h G = * 1000 000 P00

Energy source Unit | Density Calorific valug H Calorific value H
[kg/m3] [kWh/kg] [kWh/unit]
Heating oil extra light | 830 12.0 10.0
Heating oil light | 920 114 10.5
Natural gas m3 0.70 135 9.5
Liquid gas kg 2.02 12.8 12.8
Hard coal kg 750 7.0-8.3 7.0-8.3
Coke kg 500 7.5 7.5
Brown coal kg 710 3.9-5.6 3.9-5.6
Firewood beech rm 360-570 4.2 2410
Firewood spruce m 360-570 4.2 1520
Chips srm 215 34 730-850

Table 3: Reference energy ratios of public buildings in Central Europe

(Dusseldorf, Germany, HGJ,, = 3439 Kd)

Building type Energy ratio heat Energy ratio electridity  Energy ratio total e
[kWh/m2a] [kWh/m2a] [kWh/m2a]

Administration 183 28 211

Schools 197 19 216

Kindergartens 237 19 256

Homes 172 26 198

Hospitals 195 - -

Fire-brigade/contractor’s yard 216 21 237

Other buildings 191 42 233

Table 4: Rough estimate of economic energy saving potential

(Energy ratio based on Dusseldorf, Germany, degreg;Jays3439 Kd)

Building type Energy ratio total energy
[kWh/m2a

Administration <110 110 - 280 > 280
Schools <110 110 - 30d > 300
Kindergartens <135 135 - 34 > 340
Homes <105 105 - 260 > 260
Hospitals - - -
Fire-brigade/contractor’s yard <125 125 - 310 >310
Other buildings <125 125 -31 >310
Assessment of economic energy  Low: Averagg: High:
saving potential < 20% 20 - 409 > 40%

ergy



1. Metering and control of energy
consumption

1.1 Introduction

increasing in the last decades and so have the ass@eeiminary energy audit should help to identify these locati-

Energy consumption in the building sector has beemd justify the cost of purchase and installation of a meter. A

ted costs. The cost of heating alone, in public arahs. Departmental sub-metering provides information on
municipal buildings, represents a significant percentage where the energy is used within a building. Most public and
the total running costs. In this context, it becomes increasimunicipal buildings justify this level of metering.
gly essential to properly meter and control energy systemsSnb-metering of final energy usersin addition to depart-

these buildings, in order:

* to achieve and maintain acce
table living and working conditi-
ons (level of comfort)
e to eliminate energy wastage
and
* to ensure energy consumptig
accountability

Depending on the size and t R

mental sub-metering, final energy users (like
large motors, chillers, special equipment) can
also be incorporated in the metering system.
The system provides in-depth knowledge of the
energy-use breakdown of a building and should
be applied to large buildings with significant
energy consumption.

1.2.1 Electricity meters

The majority of existing buildings, in the best

type of the building, a large num
ber of metering and control opti
ons are available in the marke§§
ranging from manually operate
to fully automated systems.Th

case, are equipped with electromechanical one-
or three-phase meters. These meters are of li-
mited capability and the reading of their indi-
cation is prone to error.

y ol . New electronic meters have been developed in
following, is an overview of the the past few years, covering a wide range of
most important options  preseri=—"" capabilities, from simple energy (kWh) mea-
ted with an emphasis towards the simpler ones, as thesesgfement to the measurement and recording of a large num
ford significant savings with the minimum cost. ber of electricity parameters (energy, power demand, power
factor, voltage, current, time and season bands, harmonic dis
tortion, etc.). Electronic meters are also capable of output
signalling in order to activate control devices or can be inte-
A reliable and well-designed energy metering system, affrated in to a network. Prices range from 300 to 2500 ECU
hough it does not save energy itself. It provides the basis fr meter depending on the capabilities and the storage ca
energy savings and proper energy management. The levgbadity of the instrument.

metering (the number of meters to be installed), depends on

the type of building and the energy bill. The meters are ré-2 2 Heat meters

garded as a cost saving investment that should exhibit a rea-

sonable pay-back period. Generally, three levels are distifst water meters work by measuring the flow of water and
guished, in order of increasing complexity: ~the flow and return temperatures. On the basis of these valu
Metering of the main energy flows:Refers to the metering es the energy consumed over the heating period is calculate
of the electricity and fuel energy flowing into the buildingyytomatically. The usual type of device is the rotary vane
and it is usually provided by the utility supplying the builang the orifice plate meters. Prices for hot water meters star
ding. It gives an indication of the total energy consumptiof ahout 300 ECU and increase depending on the diameter o
trend but gives no no information on where the energy tise piping.

being used. It should be considered as the minimum for gleam meters are generally more expensive, starting from
kinds of buildings. 3500 ECU for small diameters. Popular types are the orifice
Sub-metering of main energy points of useEnergy me- plate and the vortex meters. Modern meters are now availa-
ters should be installed at main energy points of use orle with output signalling which allows them to be incorpo-
departments that present a significant energy consumptiated in computerised management systems.

1.2 Energy metering



1.3 Energy controls tic valves are automatically regulate the] 3.4 Zoning
flow of hot water entering the radiator

. nd r n h r | requi ildi ibit sianifi
Proper control of heating systems pre:. d respond to the user's actual requor puildings that exhibit significant

o 2. rements. The valves are activated by; ;
sents significant opportunities for sa- ¥ifferences in occupancy patterns, zon-

T ; o .~ therm with set-point temperatur i
vings in all kinds of buildings. This is thermostats with set-point temperaturéfg control may be appropriate. Accor-

especially true for CEE countries ding to this control mode the buil-
where there is usually a lack ¢ i} E T ¥ ; ding is divided into zones with si-
control at all levels. milar heating patterns which are ser-
In general, space heating contr ved independently. This way, for in-

is accomplished at two levels: stance, south parts of a building may
benefit from solar gains there by re-

ducing the need for heating as ap-

propriate.

e Zoning control is usually taken into
= consideration at design stage and not

8 S at retrofitting, due to the associated

costs for changing the layout of the

heating system.

« centrally, by regulating the flow|
of hot water in response to th
outside temperature

« individually, by responding to
the actual needs of each spa
and occupancy pattern.
In the following, simple and ef 1.3.5 Other considerations
ficient ways to control space he:
ting are addressed. They are b
sed on international practice and

also take into account the peculiaritie

Depending on the equipment instal-
led, the building type and use, other

input by the user. The latter is able to

Yetermine his/hers level of thermal com-mOdeS of control may be necessary:

of CEE countries. al?,oilers sequencing contral where

District heating is a pooular means 01fort and also take advantage of intern _ ) X ;
g pop or external heat gains. multiple boilers are available. This en-

space heating in many European counz, oo o vee are nowadays$ures that the boilers matching the re-

ly equally to this system (except forthereg'u"’.ﬂIng space hee_ltlng. Th_ey_ can bg® PPErAng & foads close 1o thew

ones that function centrally at the boi_retrofltted rather easily to eX|_st|ng Sy_m_ammum capacty. ;

ler plant level). DH systems are alsa€MS: €specially to double-pipe or sinJime-switches that set the heating
P ' y le-pipe systems with by-pass. ReporPlant on and off at pre-set times of the

) > : .
Zggz)rrilgl)elighce%néﬂlrzlezliitli'g)Sn(cjonn;:a?jl rI:) fed savings are in the ran- day. Seven-day switches are available

i ge of 10% or more an
concern the end-users. PBP in approximately 1-2

years.

1.3.1 Manual control of space
temperature 1.3.3 Weather com-

Manual control is accomplished by re-pensa’[Ion P'us
gulators on the radiators. This is the simthermostatic valves
plest mode of control, applicable to

double pipe as well as to single pipeThis mode of control provi-
systems with a bypass. Manual regulades great flexibility, high le-
tion should be considered as the miniye| of comfort and economid
mum for all kinds of heating installati- effectiveness. Control is act
ons. Obvious drawbacks are the deperpmplishedat both the hea-

dence on the user's behaviour and thgng plant, by adjusting the temperaturdor a different setting per day and allow
limited flexibility to changes. of the flow water to the outside tempe-for the weekend©ptimisers could be
_ rature, and at the radiators, by thermodsed alternativly , that start and shut
1.3.2 Thermostatic valves static valves (described previously). lidown the heating plant after taking into
is a very common design of heating syconsideration the external temperature
These add a degree of automation to tretem in western European countries. Reand the inertia of the building.
previous mode of control. Thermosta-ported PBP for retrofitting is at 2-4 years.




Frost protection, which prevents the building from reachindy of prefabricated panel type and are characterised by low
frost temperatures (below@) when not occupied. This is construction standards and significant energy savings poten:
especially useful in the harsh climates of CEE countries. tial.

The area of building energy controls is extremely

extensive therefore each case should be confropted

on its own merits and particularities. Sophisticated Roof Losses
controls tailored to the needs of individual buildings
have been devoloped in special cases. The empgloy-
ment of experienced consultants for the design of

the interventions is strongly recommended since they
will ensure that the most efficient choice is madq at Doors & ;

a sensible cost. Windows
3,0%
h Wall
° Losses
0,
2. Interventions 37%

to the building
envelope

Losses
1,9%

2.1 Introduction

building fabric, comprises the roof, walls,energy losses from the building envelope comprise the follo-
floor, doors and windows of a building. Even a prowing interventions:

perly constructed and well maintained building will loose

heat through all these components of the envelope, to a pepof insulation

centage that may reach 10-15% of its total fuel bill, as shown

in the following figure: * wall insulation

T he building envelope, also known as thé&Jsual retrofitting practices and methods for the reduction of

» basement insulation
» draught stripping
» double glazing of windows

It should be stressed that building retrofitting is rather ex-
pensive in most cases and is not often economically at-
tractive, especially under the energy pricing situation pre-
vailing in CEE countries. PBP of 10 years or more is the
usual case. Economically attractive opportunities arise when
energy interventions are combined with general renovation
or refurbishment programmes.

2.2 Insulation materials

Losses also occur due to air infiltration from doors and wiidl material that resist the flow of heat through their mass
dows and due to the air exchange that is required in ordeate called insulation materials. The mostimportant characte-
maintain the air quality needed. ristic of them is their ability to hold air, since air itself is a
Energy losses are significantly increased in the case of #esy effective means of insulation. The thermal conductivi-
existing building stock in CEE countries. Especially the buity, &, expressed in W/mK, (Watts per meter and degree Kel-
dings that were constructed around the 70s which are uswéh is the measure of insulation effectiveness; materials with



low & value are the best insulation? 3.2 |nverted roof | =
mate_rlals.Other_ charactgrlstlcs are alqu sulation
very important in selecting the proper

insulation material, such as, flexibility

at operating temperatures, low fire and he technique of inver
explosion hazard, easy to store anéed roof insulation has
handle, resistance to water and vapodteen developed in ordg
penetration, chemical resistance, envito cope with the inef
ronmentally friendly. ficiencies of traditional
There are a variety of insulation mateinsulation and is based o
rials available on the market: mineralthe installation of the in
wool, glass fibre, polyurethane foam,sulation layer above thg
expanded polystyrene etc. All these exwater proofing. This way,
hibit & values in the range 0.03 to 0.08he water proofing is

Ll

W/mK; in comparison to concrete withbeing protected from weather conditi-o 4 1 External insulation

é values ten times higher. ons and its life span is increased.

The insulation material used in the in-

verted roof technique should have outExtérnal insulation has the advantage

2.3 Roof insulation T
standing resistance to water and vapodpat the normal use of the building is

Roof insulation is amongst the most efPenetration. Modern material, however

fective of interventions in terms of en-
ergy and cost savings, because:
last years.

« the installation of roof insulation is

pot disturbed and, also, results in kee-

complies with these requirements, maPing the whole structure warm and dry.
king the technique very popular over thd10wever the price is paid in terms of

increased cost since extensive scaffol-
ding is involved. The usu-

0%

relatively easy, without disturbing th

use of the building by the occupants| 92Y¢' "

paving slabs to
insulation

hold doy water prgof roofing
- ARV

* the energy losses through non-ins
lated roofs are significant due to ral
diation during night-time

insulation placed above

al ways of applying exi-
sting insulation is by using:

* insulation material fixed
to external wall with adhe-
sive and mechanical fixings
and coverage by a reinfor-

The main techniques used are the tf
ditional roof and inverted roof insulaf
tion, the latter lately being applied moire
often. In both cases, care must be ta-
ken to prevent the accumulation of va-

cing mesh with plaster lay-
er

¢ a combination of insula-
tion and cement rendering

pour which diminishes the effective
ess of insulation.

2.3.1 Traditional roof insula-
tion

2.4 Wall insulation

External insulation requi-
res a consideration of many construc-
tion details and should be carried out
by experienced contractors. PBP for
specific applications in CEE countries

The reduction of energy losses from thés reported to be 14 to 20 years.

Acceptable insulation standards can paalls can be carried out in two diffe-
rent ways:

achieved by inserting an insulation lay-
er between the roof deck and the water- ] _
proof covering. Vapour barrier is also® Internal insulation
used underneath the insulation to pre- _ .
vent vapour condensation. Insulation irt External insulation.
this position keeps the roof structure

2.4.2 Cavity insulation

The insulation in the form of foam-fill,
blown mineral wool or polystyrene be-
ads is applied between inner and outer
masonry skins.

warm. However, the water proof cover-For both types of insulation the advanjs type of insulation has a relatively
ing is exposed to weather conditions?fﬂgeS area decreasg In energy ConsUMByy capital cost and short pay-back pe-
temperature changes and mechanic&Pn as well as the increase in thermalisg (in the range of 4-8 years in EU).

stresses which result in ageing and evegomfort of the building users due to
tual destruction of the material. increased wall surface temperatures.



2.4.3 Internal insula- 2.7 Double glazing of win-
tion

dows
Material: blown mineral wool;
Internal insulation is polystyrene beads (bonded o . .
applied to the inner | unbonded); urea formaldehyd _The wmdgws are normally_ W(_eak points
side of the walls wit- foam; polyurethanefoam; or| in a building. The transmission losses
hout modifying the polyiscyanurate through glass are 4-6 times higher than
facade of the buil- 7 for walls and often thermal bridges exist
ding, which might be 7 Y between the frame of the wall. Instal-
requ’ired for old. tra- 7 _ Injected thrOU?h h|0|es in lation of double glazing can reduce the
o . ' L [ t issi i
ditional-style buil- // . é A inner or outer levels gﬁsglzgan losses from windows by

dings. Moreover, less
material is needed, nq
scaffolding is requi-
red and individual application is possible (insulation of s
ected areas).

However, the following problems are encountered when usi§§
internal insulation:

In most CEE countries, nowadays win-
dows are double, meaning two separa-
e windows with wooden frames, each one opening indepen-

dently. When properly maintained, this installation works
ite efficiently from the energy point of view. Thus making
uble glazing of windows a non cost effective intervention.
Indeed, reported PBP is more than 17 years.

« the building will not operate during the works ) )
J P J 2.8 Other considerations

« the building structure is exposed to weather conditions

Building envelope interventions for energy savings should
« difficulties are encountered with piping, wiring, installechot be assessed based on ROI criteria only. A number of othe

radiators, etc. beneficial side-effects, which are not easily quantified, com-
plement the cost savings achieved through energy saving in-
* the size of the rooms is decreased terventions. Some of these are:
Thermal comfort improvement: The elimination of cold
« thermal bridges will not be avoided. draughts either from infiltration or from the temperature dif-

ference between the walls and the room interior is signifi-
Internal insulation should be considered when other optioggntly improves thermal comfort, living and working condi-

are not applicable. tions.
Prolongation of the building service life:The improvement
2.5 Basement insulation of insulation standards helps the building envelope to respond

The usual way to cope with energy losses through the ba
ment is by the insulation of the basement ceiling but cg
should be taken to avoid thermal bridges. Similar projects
CEE countries presented PBP of 6 to 8 years.

2.6 Draught stripping

Draughts due to defects in the structure itself or due to ¢
ving windows and doors open, seriously affect the benef
which result from applying acceptable insulation standar
and may lead to considerable energy losses.

As afirst step, holes, cracks and any other structure defici
cies should be fixed and doors and windows properly seal®e®
Foam material, tape or cloth could be used. Doors and win-

dows should be left open as little as possible in order to mai@tter to changes in temperature and avoid cracks and humi
tain the required air quality and minimise losses. dity penetration. This way the life span of the building is
Projects in CEE countries involving major maintenance &fnger and maintenance costs are reduced.

the structure, especially around doors and windows, haveating system optimisation:The reduction of energy los-
resulted in PBP of 5 to 7 years. ses may lead to the better operation of the heating systen



serving the building. Especially in the

case where multiple boilers are in ope-

ration, one of them may not be needed M M

at all, resulting in large energy savings ° Interventlons n thermal
from standing losses. It is a good idea

to combine building envelope interven- SYStem

tions with an energy audit of the ther-

mal system in order to benefit from the3 1 Introduction
synergetic effectimprovement of the )

acoustic environment: In several ca- _ _
ses good insulation standards have imW ater boilers are extensively In summary, the energy losses from a

3.2 Overview of boiler losses

proved the acoustic environment of used in buildings for space boiler are the following:

work spaces by isolating the building heating and production of

from outside abstractive noise. domestic hot water, especially in areas Heat carried out into the atmosphere
where district heating is not available with the flue gases. This is the major

Although sometimes it is tempting toSt€am boilers are algo used in large buiheat loss of a boiler. Fault design, struc-

insulate part of dings, such as hospitals, to cover speciure damages, fouled sgrfaces or wrong

the buildings, _ _ _ adjustments, i.e.

d ot too much com-

bustion air in

the boiler, are

the main causes

for increased

losses of this

type.

where large
savings are ex-
pected, this is
not always a
cost effective
choice. Thels
most expensi-

ve part of the [
insulating in- |8
terventions arefa -
the scaffolding &

and the wor- g
king costs and
not the materi-
al itself. Mo-
reover, in cer-
tain cases, par

* Heat losses
from the boiler
casing (radiati-
on losses). The
casing losses
are usually less
than 1% but can
be as high as
10% if the boiler

is not adequate-
tial insulation ly insulated or if the insulation is allo-
may make things worse, since it resultfic needs. By definition, a boiler is awed to deteriorate.

in severe temperature differences bet|osed vessel in which a fluid is heated

ween adjacent construction elementspy the combustion of fuel (solid, liquid  Losses due to incomplete combustion
thermal cracks and extended thermabr gaseous) or by the use of electricity{i.e. unburned coal found in the ashes,
bridges (see following picture, takenAn ideal boiler should use all the enersoot or carbon monoxide in the flue
with a thermographic camera from in-gy released by the combustion procesgases). These losses are usually attri-
side a heated space. Warm walls angnd transfer it to the fluid (e.g. water obuted to problems in the burner or the
cold joins are indicated by different co-steam). In practice, losses in the rangeoal grate, to bad quality of fuel or to
lours). of 10-30% are frequently found. Smallincorrect adjustment of the combustion
The efficiency of interventions in the boilers in buildings are usually operaparameters i.e. not enough combusti-
building envelope depends heavily orted without proper care and presenbn air in the boiler.

the existing type and condition of theincreased losses which are directly

building, the general economic environ{ranslated into monetary losses. In the Losses due to the boiler blowdown (for
ment and the successful implementatifollowing, an overview of the main en- steam boilers only). For a steam boiler
on of the measures. Itis strongly recomergy losses are presented, along with is necessary to reject some of the wa-
mended that expert advice is asked fogood energy practices for operating aer to remove precipitated salts which
in order that the best options be seledoiler that can lead to savings of a consiean cause problems in the boilers and
ted. derable amount of money. the steam mains. This process is known




less the blowdown losses.

e Other losses. An im-
portant factor that affects

the efficiency over a certain
period of time is the firing

schedule of the boiler to
meet demand variations. If a boiler is left to cool down oft

excess energy is required to warm it up again before starti
operation.

3.3 Monitoring boiler efficiency

and controlled in order to achieve ef-
ficient combustion:

* Flame appearance

* Smoke density

» Combustion gas composition

* Flue gas temperature

3.3.1 Flame appearance

o)

D)

The appearance of the flame can p
vide a good initial indication of com
bustion conditions. It is difficult to
generalise the characteristics of
»,good* flame since there will be va
riations depending on the burnerd
sign. A symmetrical, steady flam G

as boiler blowdown. Blow- Smoke is measured with a special instrument (Baccarach test
down may represent a losswhich is part of the gas analyser kit.With gaseous fuels, smo-
of more than 3%. The bet- king is not a problem, even with poor combustion. As a gui-

ter the water quality used de to acceptable operating conditiothesmoke number obser
for steam production the ved at low excess air rates should not exceed the following:

Fuel Used Maximum Smoke
Number
Coal 4
Light diesel all 1-2
Heavy fuel oil (Mazout) 3-4
 Natural gas 0

3.3.3 Combustion gas composition

The composition of the flue gases depends on the combusti:
In general, the following parameters should be monitoregh conditions and the degree of excess air present, and i
considered among the main factors influencing boiler efficien-

cy. The oxygen and the carbon dioxide content are measurec
with gas analysers and should be kept within the ranges indi-

cated in the following table.

Fuel Excess Air 02 in Flue

(%) Gasses (%)

Min Max Min Max

Natural Gas: 10| 15 2.0 2.7
Fuel Oil:

Light 12.5| 20 23| 35

Heavy 20 |25 33| 4.2

Coal: 30 | 50 49| 7.0

CO content should be also measured and kept to a minimum
The presence of CO shows also a degree of incomplete com
bustion. In this sense, the presence of CO is putting a dowr

limit to the reduction of

without long ,,streaks* or sparks is

good indication. The flame should bgss
directed to the centre of the boiler arid*$ :
not come in to contact with the co m |
bustion chamber walls since this miiE——
cause incomplete combustion.

3.3.2 Smoke density

Smoking can occur with oil and coa
fuels, and is a certain indication O
incomplete combustion; it should always be a
ided since, besides the energy loss due to unbu
fuel, presents serious environmental implicatio

excess air. The objective in
regulating the boiler is to
use the least air quantity
that permits complete fuel
combustion (almost zero
CO content).

3.3.4 Flue gas
temperature

Flue gas temperature must
be held to a minimum to
maximise boiler efficiency.
It is estimated that 1% sa-
vings are achieved for eve-




ry 250C of temperature reduction.ble for small and medium size boilersse in efficiency.

However, the temperature of the fluewhile the more expensive electrochemiFiring rate: The highest boiler efficien-
gases should not be reduced below eal analysers are mainly used for testingies typically occur over the range of
certain level as this might result in SOxarge scale industrial boilers or when enfiring rates from 70 to 90% of rated ca-
condensation and subsequent corrosiorironmental parameters e.g. NOx emispacity. Therefore, it is not good prac-

problems. A safe temperature for fuekions have to be tice to select a large
oil is 1800C. For natural gas the safeneasured. — | boiler at design time
temperature is much lower. According to con- | inorder to cope with
The two basic causes of increased fluservative estimati- future needs because

it will operate inef-
ficiently till these
needs arise.

Load variation:
Fluctuating loads
can have an adverse
Considerable improvements in efficien-already in a rela- effect on boiler ef-
cy can be obtained if the water vapoutively good conditi- ficiency, especially

in the flue gases is condensed by furten and consume when there are fre-
her cooling. Boilers which make use offuel worth about 15000 ECU annually.quent periods of low load. When boi-
the energy of the water vapour ardn cases where the boilers are in a baleérs are regularly shut down at times of
known as condensing boilers. Problemshape or the annual fuel cost is highemo load, there can be substantial heat
of corrosion, however, make such boithan 15000 ECU the pay-back period isosses due to cold air being drawn throu-

gas temperatures are: ons, the cost of a
chemical gas analy-
* insufficient heat transfer surface ser is paid back in
less than two years
» fouling of heat transfer surfaces. This figure refers to
boilers which are

lers not suitable for coal or oil. Moreo-reduced to a few months. gh the boiler and due to radiation los-
ver, a condensing boiler is about twice ses. There are many ways to improve
as expensive as an equivalent conver 5 Other considerations this situation:

tional heating boiler.

Apart from the issues discussed re.- rationalisation of the load demand, if
p ssues discussed p hossible

viously, other factors also play an im-

ortant role in improving boiler efficien- . o . .
Monitoring of boiler efficiency means P proving + rationalisation of the boiler firing

mainly the monitoring of combustion schedule
conditions. A simple visual inspection
by an experienced technician may re
veal some problems but safe assessmega
of the boiler's condition and accuratg
adjustment of the combustion parame
ters can only be done using a gas anal
ser.

The instrument analyses a sample @
flue gasses to identify the basic combu- ; ¢
stion parameters and, consequently, they. Among these are the following: ~ POilers instead of a large one (after a
efficiency of combustion. There are twoFeed water temperature: Boiler ef- Careful load and cost analysis).

different categories of portable gas anaficiency can be increased by preheatir:]g _
lysers: feed water in an economiser (heat exin 9€neral terms, however, the selection

changer using flue gases as the hea{_boiler_s or the interventions for ef-
« the chemical gas analysers (Orsat apsource). In general, an increase in feefci€ncy improvements should be the
paratus), which cost about 400-500water temperature of 6*C will result inJOP 0f qualified professionals. The ad-
ECU 1% less fuel being burned at the boilerditional costs involved in hiring out-
Combustion air temperature: Boiler Side contractors have proved worthw-
- the electrochemical gas analysersfficiency can be increased by recoverfil€ in most cases.
which cost 2000-4000 ECUs or morejng waste heat from the flue gas and
depending on the degree of automatiopreheating the combustion air. An
and additional capabilities. increase in combustion air temperature
The chemical gas analysers are suitaf 25*C will result in about 2% increa-

3.4 Flue gas analysis

» improvement of the firing control sy-
stem

e installation of a flue gas shut-off dam-
per to eliminate the circulation of cold
air in case of boiler shut down

« installation of two or more smaller



4. Solar systems application in
public building

4.1 SOLAR PHOTOVOLTAIC In short, photovoltaics is worth considering in the case that,
APPLICATIONS IN PUBLIC BUILDINGS

» the building has access to solar radiation

» the building is or will be energy efficient by design

4.1.1 State of the Art

_ _ _ * innovative design options are preferred
potovoltalcs can be integrated to virtually every con
c

eivable structure, from bus shelters to high rise @fom an architectural, technical and financial point of view,
fice buildings or even turned into landscaping elgsy in puildings today,

ments. Building PV power supply systems are usually in the

range of several KW of nominal power and they are usuallyay replace conventional building materials

connected to an available electricity grid. Building-integra-

ted PV systems have an economic advantage over convégan provide an improved aesthetic appearance in an inno-
tional PV genera- vative way

tor systems as the
solar modules ser
ve multiple pur-
poses. They arg
part of the buil-
ding envelope,
ideally replacing &
conventional fa-
cade or roof mate
rial. Depending
on the type of in-
tegration, the PV
modules may also
provide shading
or noise protec-
tion. Therefore,
once put in the
building context,
photovoltaics
should not be|
viewed only from
the energy pro-
duction point of
view. Because of the physical characteristics of the PV mo-
dule itself, these components can be regarded as multifunctjo- .
nal building elements that provide both power and shelter. .3 System Economics

« does not require extra land area and can
be utilized in densely populated areas

« does not require additional infrastructure
installations

« can provide electricity during peak times
and thus reduce the utility’s peak demand
requirements

4.1.2 Problems and Barriers

National and even regional regulations for
grid connection differ widely with respect
to the policy of interconnection require-
ments and reimbursement agreements for
PV-generated electricity fed into the grid.
Another barrier is the fact that, presently
photovoltaics is not yet economically com-
petitive in bulk power generation.

Photovoltaic systems connected to the public grid require &€ cost of a PV system can be grouped into,
inverter for the transformation of the PV-generated DC elec-

tricity to the grid AC electricity at the level of the grid volta* capital cost, including investment, interest rate, depreciati-
ge. on, replacement



e consumables to live in year-round, with the minimum Al passive solar applications need to
energy consumption possible, takingbe combined by measures for reducing

* operating cost into account the local climate, and uti-the building heat losses (reduction of
lizing local materials and renewableventilation and infiltration heat losses
* other (insurance, taxes etc.) energy sources (sun, wind, geothermaby air tight frames, thermal insulation

of the opaque building

structure, night insulation

of windows and of passive
systems, etc.). Additional-
ly to passive solar systems,
active solar and photovol-
taic systems may contribu-
te to covering part of the

building energy load.

The economics of PV systems is dete
mined by the cost and the revenues fq
the electricity produced. Additionally,
in modern commercial buildings, faca
des often cost as much as a PV facadg;
this means short-term pay-back for thg
PV system.

D

In 1997 prices, the cost for grid-connect
ted PV systems is in the order of §
KECU/kWp installed. This capital in-
vestment for PV may be reduced to an dings in the coldest clima-
average value of 40% due to the tic zone is around 150
avoiding of costs for conventional buil- kWh/m2, while the total
ding elements, such as glazing and rogfnergy, water, etc.). Passive solar syelectric consumption is approximately
elements etc. Thus, for building integrastems, building components which ope22 kwh/m2. The potential of applying
tion, the actual cost for PV is aroundrate by collecting, trapping, and storingenergy conservation measures in public
4800 KECU/KWp. solar energy, maximize the utilization puildings, varies according to the buil-
of solar energy for space heating. Pasding use and size, construction and con-
The annual energy fed to the grid by sive solar systems may be applied irition, and greatly according to the lo-
PV system depends on the daily solanew buildings, incorporated into the cal climate. It has been estimated that
availability. In Europe, the annual elec-building bioclimatic design, or in exi- in Greece, the heat load reduction by
tricity produced per kWp PV varies in sting buildings as retrofitting measures.applying combined measures in public
the range 900 kWh to 1400 kWh. AssuThe direct gain system (a window fa-buildings may reach up to 30%, or even
ming a good solar resource site of 1200ing south, accompanied by the spac&0% (in the case of school buildings),
kWh/kWp and an average electricity PVmass for heat storage) is the most coma percentage which in the coldest cli-
kWh price in the order of 0.4 ECU/kWh, monly applied solar system. Other pasmatic zone of the country amounts to
the revenue from the electricity sales t@ive systems which may be applied taan absolute reduction in the area of 40
the utility on an annual basis per kWpvarious building types depending onand 80 kWh/m2 respectively. In addi-
PV is calculated 480 ECU. In this way,their function and form, and
the pay back period is 10 years for builcan also be applied as retrofit_ - —
ding-integrated PV systems. It must benergy saving techniques, E;'h“‘u' il
mentioned that each case may compri- '
se certain particularities which, effec- Solar glazed walls, incorpo
tively, increase or decrease significantrated to southern facades d
ly the previous PBP average. buildings el —

In Greece, an average hea-
ting load of public buil-

chel walls)

. S
* mass walls which may havg -

4.2 APPLICATION OF vents for warm air circulati- I h‘&}'
PASSIVE SOLAR SYSTEMS ©onto the spaces (Trombe-M S ‘&

IN PUBLIC BUILDINGS ; _--_t.___

* thermosyphoning air panel '

4.2.1 State of the Art (insulated glazed walls acting

as solar collectors which heat the buil-tion to the energy saved for space hea-
Bioclimatic architecture, a practiceding air) ting, passive solar and energy conser-
which originates from antiquity, is di- vation techniques applied to buildings
rected towards designing buildings that Sunspaces or solar atria attached toraise the comfort levels inside both in
are thermally and visually comfortablebuildings winter and summer.



2.2 System Economics ons, even when expensive for the end-user, are viable wher
viewed on a national economie scale and taking into account

The economic viability of passive systems and all other Jg—e associated environmental benefits.

lative systems applied, depends on the system used, the de-

gree of intervention, the energy consumed, etc. In the case

of new buildings, the cost of applying bioclimatic design prirﬁl-3 APPLICATION OF ACTIVE SOLAR
ciples and passive solar systems, is very low, and often &GlY STEMS IN PUBLIC BUILDINGS
Generally, a 10-15% increase in construction cost is consi-

dered reasonable. In the case of building retrofitting, the 4.3.1 Solar
cost of installing a passive solar syste

is generally higher, and depends on t thermal

area of the system, materials used, systems
labor which may vary significantly fro
case to case. What should, however,
considered is that interventions, whe
viewed at national scale, have a lo
cost and a significantly higher benef
to national economy, and therefore, m{s
be subsidized by the state. As an e
ample passive solar retrofit optio
which are viable when viewed on a n{
tional economy scale, are given for t
public school buil-
dings in Greece:

The use of Active
Solar Systems in the
domestic sector is
very well esta-
blished in most Eu-
ropean Countries.
Solar System users,
with the help of se-
veral incentives for
each E.U. country,
have installed such
systems to elimina-
te their energy use
and to help reduce the pollution from
fossil fuels and the global warming
risk.

The energy bills for the production of
domestic hot water, for space heating
or space cooling on Public buildings
can be reduced or even eliminated with
the help of a thermal solar system.
There are several installations of large
solar systems on Public buildings pro-
ducing domestic hot water, and a few

In Greece there arg
more than 15,000
schools with facilities
for more than
1,600,000 pupils. The
mean total final ener
gy consumption for
heating and lighting
of schools is estima
ted around 270,000 4%
MWh per year, that isf
equivalent to 16,30

tones of fuel oil and= : ™ others contributing thermal energy for
78,000 MWh electri- I.Lil._ i space heating and cooling in Europe.
city. The cost of this : Most of them were financed by sever-

energy is calculated al National or European projects. The

2.6 billion drachmas

TN

.ffn-l....il:; i X ;
& ‘iﬂ i ; quantity of dome_stlc water daily (or

(fule costs of 1995). KNl L_L W generally the heating/cooling load), the

The resulting annual™ ‘ year round demand profile and the re-

CO2 and SO2 emissions are 150,000 and 1,000 tones quéred temperature level are the key factors that will guide

year respectively. The average energy consumption for h#ze selection and the sizing of the solar system.

ting is 92 kWh/m2 heated floor area, which may be reduc®dblic buildings can have a demonstration effect on its users

by 30-70 %. and on the public who use the building.

The overall energy, economic and environmental assessment

of the refurbishment proposals at a state level shows that ép3.2 Cost - Payback time period

plying a thermosyphoning air panel or a sunspace to south

facades of existing school buildings, combined with othathe individual users of Active Solar Systems expect to have

energy conservation measures is viable only if subsidizedihgir cost saving investment back as soon as possible, whict

the state. The study of energy refurbishment of Greek schogigans, for most European countries, 5-8 years, depending

has demonstrated that several passive and low energy sobiithe individual weather and economic environment.



This pay-back period may not be extrefamous for the waste of energy their M M
mely favourable for individual users,users make, for a number of reasons. 5' nghtlng

but could be assisted by Public entitiesSeveral projects are aiming to reduce ° ° o

that are not supposed to decide witlenergy waste in Public buildings. Be- Opi‘lmISCﬂ'IOn
strict economic
criteria.

The cost of the sola
components (collec
tors, tanks) along
with several other|.”
expenses that mus|
be prepaid, are al
payable before an
useful heat output
production occurs
from the solar sy-
stem. The energy sa
vings during the life
of the solar installa-
tion must pay-back
these expenses. It i8
obvious that a sola
installation can-not
be handled the sam
way as an ordinar
heat producing plant.
The heat production must be maximifore the deci-
zed continuously over several yearssion for the
otherwise the economic gain from thenstallation
solar system will never overcome theof a solar sy-|

5.1 Lamps replacement and
regulation

ood lighting in a building is to
G provide proper lighting in the

right place at the right time.
This enables the occupants to see easi-
ly and in comfort allowing them to per-
form their duties efficiently without
strain and fatique. In addition, good li-
ghting enhances the appearance of a
space to provide a pleasant internal en-
vironment and can contribute to the
creation of different atmospheres appro-
priate to different activities. Lighting
should also be energy efficient. Lighting
is one of the most significant energy
consuming fea-
X - | ture areas in pu-
blic buildings,
even though it re-
ceives scarce at-
tention due to its
weak energy con-

expense. E}enl; 'q;‘ Pu- centration (8-10

IIIC ulaing, W/m2). This po-

4.3.3 State of the art all measures wer density, mul-
to eliminate

tiplied by annual

The need for air-conditioning occurs orEN€rgy wasteg operational hours,

the same days (and even the same hougd)ould al- § represents an im-
that the maximum solar radiation occur§€ady be suc-f : portant consump-
in most Public buildings. The use of¢essfully fi- _ . tion of approxi-
solar thermal systems for air-condi-NiShed. Itis not a good idea, and it i, o 8 15 26 kwh/m2. In the service
tioning, along with absorption chillers N0t helping the good reputation of solag g ., jighting accounts for the lion's
and heat pumps has been demonstrat&Stems, to invest a great deal of money, o ¢ electricity consumption (40%)
in some building, and is a very attracti-2nd labour to collect, transfer, store an s is indicated in the Table 1.

ve option for electrical energy consumpUSe the solar energy while, in the en
tion. the heat is wasted

Table 1. Percentage of energy consumption in
The Third Party Financing scheme useqhe operation of the solar system shoulthe public building sector

in Iarge solar installations in some EU-be monitored regu|ar|y and all mainte-

ropean countries has proven to reducgance measures must be taken for if___El€ctric Consumptior] %
technological risks and maximize thethermal output not to deteriorate with|  indoor lighting 36
economic benefits by dividing the pay-time. A common problemwith un-at- cooling 26
ments into a series of thermal energyended solar systems occurs when heating 11
bills for the actual solar heat consumedmalfunction is not fixed on time, be- other uses 6
cause no-one cares, or can not understa| __Kitchen 6
3.4 Barriers the problem, because the backup syste| _ ventilation 4
will provide the necessary heat to thq  outdoor lighting 4
Public buildings all over the world are users, using ordinary energgurces. sanitary hot water 3



The objective in a lighting project is to cover the needs with 2 Light Sources

regard to specifications (lighting level, uniformity and dazzle),

comfort (luminance and reproduction distribution of the cqp Taple 2, an indication is given on differences in luminous
lour) and pleasure (light direction, colour and structure). TecBficiency (lumens/W) between the different types of lamps
nical conditions must be provided (reliability, safety and pejshould also be emphasised that the duration, colour tempe:

manence). In addition, operational conditions (facility of USgatyre (more or less warm light), chromatic reproduction in-
flexibility and adaptability) and economic conditions (budgey (reliability in the reproduction of colours), need for au-

get and development).

xiliary equipment, range of power and costs influence the
decision on utilizing a specific lamp. Moreover, for better

In this guide emphasis is placed on energy efficiency in lifficiency, the use of natural lighting should be optimised
ghting, and thus the following aspects of lighting will b¢qesign of the buildings with larger windows facing south,
considered: lighting level (DIN 5035), light sources, lampsyyilights or transoms), Attention should also be devoted to

(IN 60958) and regulation.

5.1 Lighting level

keeping the windows clean and on regulating the operation
or luminous flow when natural light is sufficient.

5.3 Electronic Ballasts (electronic reactances)

The DIN 5035 standard establishes luminance according to

the use to which the premises to be illuminated are dedigqgorescent tu-
ted. Evidently, the first saving point will be to eliminate thag gre 10w pres
surplus lighting levels. The efficiency of lighting can not only e mercury di-
be measured as W/m2, since it depends on the lighting Ie\é‘ﬂharge lamps
This is defined as the consumption ratio (Rc in W/m2 1QQ5¢ require auxi-
lux). Nowadays, values of 2.8 and above can be reacheqﬁélpy equipment:
offices. The efficiency of the system is the product of thefeeder provided!
efficiency corresponding to the source of light (bulb), by thagt o high initial F

of the lamp.

luminance (lumen/m2 = lux)

7-12 general outdoor, rural roads
15-25 gardens, industrial zones
30-50 streets, highways

50 entrances, parking

150 panoramic outdoor, store, reception room
corridors, staircases, washrooms, general tasks

200 dining room, public premises

300 meeting rooms, offices, hotel rooms,
laundry, tasks requiring some precision

500 work stations, large stores, laboratories

750 reading, manufacture, drawing, classroon
kitchen, task involving detail

1000-3000 shop windows

voltage to begin [
the discharge ang
a ballast or reac
tance (induc-
tance) adapts thg
voltage to low

once required in- e
tensity is rea-
ched, stabilises
the discharge. |
Ballasts repre-
sent 20 to 30% of [l
the tube’s energ
consumption,
energy which is
transformed into

heat. Fluorescent tubes of 38 mm to 26 mm of diameter, to-
gether with the use of triphosphorous fluorescent powders in
its inner side provide high luminous efficiency and excellent
chromatic reproduction.

The first step is to reduce losses in the ballast (reactances o
decreased losses) through inductances which are from 9% tc
13% more efficient.

Electronic ballasts carry out the operation of voltage limita-
tion through an electronic circuit (transformation to high fre-
guency, 28 to 40 kHz) reaching savings of up to 20-23%.
Models exist for each power of the tube, for two tubes and
special assemblies for four tubes..



Source of light | W Duration (hours) efficiency (Im/W) TcolotK] CRI
standard 25-2000 1000 10-14 2700 100
halogen 25-2000 1000-2000 12-25 3100 100
fluorescent tube

(LP Ho) 18-58 7500-12000 50-90 2600-7000 50-98
fluorescent

compact 5-55 6000-8000 55-80 2800-580p g5
mercury vapour

(Hg HP) 50-2000 12000 40-60 3500-4500 49-55
mixture 160-500 6000 19-28 3600 6090
metallic halides| 70-2500 2000-10000 75-90 3000-55Q0 6H-95
sodium vapour

(Na LP) 35-180 6000-8000 70-170 -- --
sodium vapour

(Na HP) 35-1000 8000-12000 42-124 2300-2500 20-80
induction 23-85 10000-60000 48-65 3000 B0

The operating voltage levels of the eleckamp with an efficiency superior to 60%Non-integrated (5-55 W) lamps are pre-
tronic ballasts are between 198 to 264bright aluminium, low dazzle index) sented without ballast or feeder, with
V, can be connected directly to conti-permits the number of tubes to be redueaps G to spikes. Integrated types in-
nuous current (use as emergency liced from 4 to 3 or even from 3 to 2.corporate ballast and feeder in cap Edi-
ghting) and allow the luminous flow to Moreover, the new 16 mm diameterson E14 or E27 (range of 5 to 25 W).

be regulated by a

dimmer, limiting

Both types can be
associated with ma-

current. A power fac- | pallast nominal W tubé Im Wb Wi Im/W 9netic or electronic
tor of 0.96 can be ballasts. Models
achieved which| normal 18 1450 8 26 55.7| with conventional
makes capacitors 36 3450 10 46 75.0| reactance, whilst
unnecessary. Start 58 5250 14 72 72.9| being more econo-
up is instant and wi- | Jow losses 18 1450 5 23 63.0 mic, are less advi-
thout fluctuations, 36 3450 6 42 82.1
the strobe effect is 58 5250 8 66 79.5
eliminated from the | electronic 18 1350 3 15 90
light and defective or 36 3240 4 36 90
discharged tubes arg 58 5000 55 55.5 90

LIr_u

disconnected auto-
matically. Optional-
ly, they can incorporate a filter, whichfluorescent (6, 8 and 13 W), 7 mm dia

o
preheats the tube at start-up, lengtheningeter (6-8-11-13 W) and U shaped tuF

the life of the tubes to 12,000 hours. bes (40-65 W) offer new possibilities.

Filters must be incorporated to avoid

L
interferences coming from the electri-5.3 Compact fluorescent (Withﬂ :

city grid. It is recommended that theyintegrated and non-integrated

comply with Standard IN 60929. In spi-

te of its considerably lower cost (five—ContrOI gear) E

ten times) compared to that of a normal
ballast, their gradual substitution is re<Compact fluorescents are formed b

commended (the change tends to inclugeveral small diameter fluorescent tuf

de also the fluorescent tubes), for opeles (10-15 mm) connected by a unio

the elements that control the mercur

In many cases, the combination of triPressure. The blister (optional) is cylind
phosphorous tube, electronic ballast antical or spherical.




Non-integrated models are recommendable in zones acdes, Regulation and control

sible to the public, since they deter theft and permit the use

of luminaires designed for these specific lamps. Permits significant savings in functions during occupation
The substitution of standard incandescent lighting to coRfime, influence of natural lighting, etc.:

pact lighting with conventional or electronic reactance per-

mits four - five times more luminous efficiency (50-80 Im4 switches: to turn on/off many light points from a single
W), a life of 6,000-8,000 hours, lower heat radiation thagwitch is not a good practice. If it is possible, to use a locali-
incandescent lamps, less dazzle, sed switch for each zone is recommen-
a wide colour-range (2,800 ded (ignition of the pairs, ignition of the
4,000-5,800K) and improved odd, etc.)

CRI levels because of the tripho
phorous flusescent powders
used. Start-up takes 0.5-2 secg
ds (according to ambient te
perature) and initial luminous
flow (40%) takes 2 minutes tq .
reachmaximum.
Up to 500,000 ignitions are pog ="
sible with a cadence of 60 seco
ds lit and 150 seconds turned o
but their useful life is reduced i
the lighting period is less than tw
minutes. Luminous flow diminis{==7
hes to 15-30% towards the end
their useful life. They can opera
te at up to 5 degrees below zef:
and accept feed tensions of be
ween 207 and 244 V. Some m(
dels can be connected to con{ . 4
nuous current of 176-356 V fo
use as emergency lighting.
Their power factor is low (0.5) due to non-sinusoidal cor-jight limiting : photocells able to turn on or off lighting in
sumption (content in harmonic), therefore it can not be commction of lighting level

pensated with capacitors. Lamps up to 25 W are subject (un-

til the end of 1997) of EMC electronic compatibility requires crepuscular switches: photocell of regulated sensibility (5
ments (IEC 1,000-3-2 and IN 61,000-3-2). to 1,000 lux). They can be pure crepuscular (only sensitive

In spite of being from 6 to 12 times more expensive thand|ight) or combined with clocks or to modulate with the
standard incandescent lamp, their substitution is recommegtside photocell

ded when they operate for more than three hours per day, as

long as there is not an excessive number of daily ignitions.movement detectors : infrared or kinetic sensors detect the
- o presence of persons, thus, turning lighting on or off. The cells,
5.4 Luminaires with detection angles of 60 to 180 degrees, installed in walls
or roofs
The design of a lighting system will opt for general lighting,
supplementary systems, with aesthetic criteria heavily conslight regulation : cut wave conventional dimmers are availa-
dered in addition to energy. There are a large range of luie for incandescence, halogen of double wrapper (to net
naires to choose from: industrial connectors, screens, indrsion) or low voltage halogens (through transforming of
strial bells, downlights, projectors and wall candelabrursafety). As opposed to the tension reducers, these dimmer
Conversely as far as the photometric distribution increasesg available for the regulation of from 25-100% of flow in
efficiency is reduced. Wherever possible, local rathelectronic fluorescent lamps orin 18 W fluorescent tubes with
than general lighting will be preferred. It is important telectronic ballast and from 10-100% in the case of 36 and 58
avoid direct and indirect dazzle, excessive contrasts aifdtubes, as long as the total controlled power is not over
to maintain a good degree of cleanliness at the light souf® W or in excess of 100 ballasts. Otherwise one must use
and the lamp. amplifiers which interconnect groups of ballasts.

* time controllers: upon activating the
switch, the connection time is fixed and
limited. They are of projecting mecha-
nism, modular or of box fund..

* hourly interrupters: a mechanical
clock, electrical or electronical, opens
or closes one or more contacts. These
can be fixed or pluggable, with daily
or weekly programming and analogic
or digital displays. They are employed
in facilities that operate on a repeated
cycle base

e card interrupters: upon inserting a
magnetic card, a microcontact is trig-
gered and upon withdrawing, the light
is turned off. Employed in hotels, sports
tracks, etc.
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Energy efficiency in public
and municipal buildings

This guide is part of an ECOS OUVERTURE project carried out by the Regional
Office of Eastern Macedonia and Thrace, the region of Thessalia (Greece) and the
Energy Agency (Austria) together with the regions of Haskovo in Bulgaria and Olte
Romania. The aim of the project is to increase energy efficiency in public buildings i
regions.

This guide shows a way to increase comfort and energy efficiency.

The easy step by step procedure given in this guide, leads to an analysis of the
situation in the building and helps you to find the most promising measures to in
energy efficiency.

* It describes measures which are cheap and easy to implement

 and it gives a very good data base, if you need to consult an energy expert with rg
the implementation of special,capital intensive, measures

* or if you have to prepare a building database - maybe for an EU-Project

About the ECOS OUVERTURE Programme

This programme promotes mutually beneficial co-operation between the regions, cit
other locally based organisations in the European Union and their counterparts in
and Eastern Europe, the Newly Independent States of the former Soviet Union (NIS)
Mediterranean. Itis financed by tB@ectorate Generals for Regional Policy and External
Affairs, but is managed and run by the regions and cities of Europe and their repres
organisations themselves. Financial support comes from the European Rsg
Developement Fund, the Phare Program and the regions and cities that man
Programme. Since 1991 these programmes have successfully supported more tha
operation projects involving over 1000 local and regional authorities across the Eu
Union and Central and Eastern Europe. In general, projects can cover spheres of co—
for which the local or regional authorities have responsibility. The four major spherg
Local and Regional Democracy, Local Economic Developement, Urban and Re
Services and Policies, Environment and Energy.
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