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Three steps to get things done

Step n.1: finding the money

« Module N.1
- EU, national & regional financing schemes

« Module N.2
- Alternative financing methods
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Step n.2: checking figures and indicators of the business
case

« Module N.3
- Economic & financial assessment of the investment/action

« Module N.4

- Development of the project financial documentation (budget,
business plan.....)

Every business plan starts from the energy usage baseline
....which leads to an ICP (Investor Confidence Protocol) >
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Step n.3: making things happen

o Module N.5

- Ensuring project’s bankability, viability and profitability - ICP
introduction and structure

« Module N.6

- Attracting & cooperation with potential investors - what ICP was
built for

« Module N.7
- Choosing optimal funding for EE projects

« Module N.8

- Tendering procedures and green public procurement
—@ FAKING COOPERATION FORWARD :
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_TOGETHER _

e Learning objectives:

 To understand how to assess energy efficiency projects from the
financial and economic perspective

e To understand how to assess the projects having multiple needs
 To understand how to select the best alternative
e Expected outcomes:

» Better knowledge of methods for the financial and economic as well
as multi-criteria analysis

e Better skills how to use these methods

 Higher awareness of existing self-learning resources, e.g. online
platforms, guides, software tools, case studies
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_TOGETHER _

Financial analysis
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_TOGETHER _

For each projects, several types of retrofit packages are possible
* Which of these alternatives is the best?
* When is the project attractive in economic/financial terms?

The rational behind the financial analysis is that most activities lead to
costs and benefits.

From this perspective, it is assumed that an activity is undertaken if the
total benefits exceed the costs.

TAKING COOPERATION FORWARD p



_ - mIltCIIrcy ﬂ
Project-related costs and benefits CENTRAL EUROPE

_TOGETHER _

Costs
Costs of investment and Operation & maintenance costs

« Costs of investment are those incurred in getting the equipment installed and
running: equipment purchase; installation costs: wiring and builders’ work;
checking and adjusting controls, etc.

« Operation and maintenance costs include the energy costs, water costs, regular
cleaning, replacement of failed components, etc.

Benefits .
Avoided costs

» These are usually the reductions in energy costs and in some cases reductions in
maintenance costs.

The financial analysis of an energy efficiency project considers extra costs and
benefits incurred vs the “business-as-usual” or “no action” scenario

Notes: The cost of collecting the information about the alternatives and making the decision
are not usually considered as the costs of investments, these are referred as transaction costs.

O
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_TOGETHER _

The CBA method aims to quantify and compare the costs and benefits of a
project over the project lifetime.
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Debt-financing 2 CENTRAL EUROPE

_TOGETHER _

Your municipality would like to replace a conventional incandescent bulb with a
compact fluorescent lamp. The lighting is required for 500 hours per year. Electricity
price is € 0.1/kWh. The characteristics of the lamps are below. Does the project worth
it?

Business-as-Usual: Energy Efficiency:
Incandescent lamp Compact fluorescent lamp (CFL)
60 W 14 W
1€ 15 €
1 year 10 year
TAKING COOPERATION FORWARD y




Example: better lighting

witerreg
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CENTRAL EUROPE &

Year

EE

Capital costs, €

BAU
1 1.0
2 1.0
3 1.0
4 1.0
5 1.0
6 1.0
7 1.0
8 1.0
9 1.0
10 1.0

Operation costs, €

BAU

15.0 3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

Cash Flow
EE BAU-EE
0.7 +1.0-15.0+3.0-0.7 = 11,7
0.7 +1.0+3.0-0.7 = 33
0.7 +1.0+3.0-0.7 = 33
0.7 +1.0+3.0-0.7 = 33
0.7 +1.0+3.0-0.7 = 33
0.7 +1.0+3.0-0.7 = 33
0.7 +1.0+3.0-0.7 = 33
0.7 11030 D7 33
0.7 +1.0+3.0-0.7 = 33
) +110+30 07 33

60W x 500 h / 1000 x
0.1€/kWh=3.0 €

—

FAKING COOPE

124 x 500 h / 1000 x
0.1€/kWh =0.6 €
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1st method: simple payback period (SPB) CENTRAL EUROPE F1

_TOGETHER _

) ) ) Year Project Cash- Cumulated Payback,
* Simple payback period is the amount Flow, € Cash-Flow, € years
of time required for an investment to
generate cash flows sufficient to
recover its cost. 1 1.7 1.7
_ Investment o
SPB = Benefit X 100% 2 3.3 -8.4
3 : -5.1
* Aninvestmentis worth undertaking if 4 33 18 >4
the simple payback period < some
specified number of years = Sis L
* The cut-off value should be shorter 6 3.3 4.8
than the project lifetime 7 33 8.1
8 3.3 11.4
* Example: better lighting
« 4+1.8/3.3=4.5yearsisashort . — 14:4
payback period - > accept 10 3.3 18.0

—@ TAKING COOPERATION FORWARD p
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SPB pros and Contras CENTRAL EUROPRE iz

_TOGETHER _

e Advantage:
e Easy to understand and communicate
e It uses readily available accounting data

e It reduces the project's exposure to risk and uncertainty by selecting
the project that has the shortest payback period

* Disadvantages:
e Ignores the time value of money
* It does not consider the profitability of the projects
e Fail to consider other risks
* Requires an arbitrary cut-off point i.e. the acceptable SPB
e Usually <5 years
e Ignores cash flows beyond the cut-off point
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2nd method: simple rate of return
. " ToceTeR

Year Costs, € Benefits, €

* The initial (simple) rate of return
or the simple return on

_ _ _ 1 14.0 2.3
investment is the inverse of the
_ _ 2 1.0 2.3
simple payback period
_ 3 1.0 4y
* |t calculatesthe ratio of the
) 4 1.0 2.3
average annual profit to the
original investment 3 0 i
6 -1.0 2.3
: 7 1.0 i
Benefits )/n
ROI = BERETIS)/N, 1000
Investment 8 -1.0 2.3
9 1.0 13
* Example: better lighting 10 1.0 23

2.3/5.0x 100% = 46% - > accept
Total: 5.0 Average: 2.3

—® https: / /. svn. ol TAKING COOPERATION FORWARD = |
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CENTRAL EUROPE e

ROI: pros and contras
3 P ToceThER

Advantages

e Easyto understand and communicate

|t usesreadily available accounting data.

|t considers the cash-flow over the whole project.
Disadvantages

e |t does not consider the time value of money

e Aninvestment with high initial profits would be ranked equally with
a project with high profits later if the average profit was the same.

TAKING COOPERATION FORWARD 2
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3rd method: Net Present Value (NPV) CENTRAL EUROPE 2%

m

* If someone does not care where they receive 100€ now or 110 € a year from
now, they have a time preference that can be expressed by a discount rate of
10%.

* Assuming an interest rate of 10%, the PV of $100 three years from now is
approximately $133.

* If someone has a time preference that can be expressed in a discount rater,
they are indifferent about receiving an amount of X now or an amount
X X (14 r)"in nyearfrom now.

* Using this indifference, we can convert all current and future expenditures and
receivables to the present situation and count them together:

n Benefits; — Costs;
NPV = Y= pm

where NPV is net present value of the project in year O

Benefits; are the benefits and Costs; are the costs of the projectsin yeari, r
is the discount rate and n is the lifetime of the project

—@ TAKING COOPERATION FORWARD 13



Discount factor =

Table of discount factors

(14t

HILCT I CYy k=
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_TOGETHER _

fin %

: 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
1 99010 .98039 97087 96154 95238 94340 93593 91743 90909
2 98030 96117 94260 .92546 .90703 .B9000 .87344 85734 | B4168 .B2645
3 97059 .94232 91514 B8900 .B6384 83962 .81630 .79383 77218 75131
4 96098 92385 .BBB49 . B54B0 .B2270 .79209 76290 73583 .70843 68301
3 .95147 90573 .R6261 82183 78353 74726 .71299 .68058 .64993 .62092
6 .94205 88797 83748 .79031 74622 70496 .66634 .63017 59627 .56447
7 93272 .87056 .B1309 75992 . 71068 .66506 .62275 .58349 51703 .51316
8 92348 85349 78941 73069 .67684 .62741 59201 54027 50187 .46651
9 91434 83676 76642 70259 64461 .59190 54393 50025 46043 42410

10 90529 82035 74409 67556 .61391 55839 50835 46319 42241 38554

11 89632  .B0426 72242 64958 58468 52679 47509 42888 38753  .35049

12 88745 78849 70138 .62460 .55684 49687 .44401 39711 35553 .31863

13 87866 77303 60095 60057 .53032 46884 41496 36770 32618 28966

14 86966 (75788 66112 57748 50507 44230 36782 34046 29925 26333

15 86135 .74301 .64186 55526 .48102 41727 .36245 31524 27454 23939

16 85282 72845 62317 53391 45811 .39365 33873 .20189 (25187 .21763

17 84438 71416 .60502 .51337 .43630 .37136 31657 .27027 .23107 .19784

18 83602 .70016 58739 49363 .41552 .35034 28586 .25025 21199 .17986

19 82774 68643  .57029 47464 39573 33051 27651 23171 .18449 16351

20 81954 67297 55368 45639 37689 31180 25842 21455 17843 .14864

TAKING COOPERATION FORWARD 4
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Discount rate
m

n Benefits; — Costs;
NPV = Z (1+r)"

* A ‘discount rate’ represents the ‘preference for the present’
* At lower the discount rates, the higher is present value
* The higher the discount rate, the smaller the present value

* At high discount rates, every project with an initial investment will
have a negative net present value

» A factor that complicates the analysis is that value of money changes over
time, generally decreasing through inflation. This could be corrected by
taking the real discount rate instead of the actual (market) discount rate

r=R—i

—@ TAKING COOPERATION FORWARD 15
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NPV: decision-making rule
2 P ToceTHER

) . Year Project Cash- Discount Present

e Aninvestment is worth Flow, € Factor Value, €
undertaking if it creates value for : 12 0.96154 i
Its owners: 2 3.3 0.92456 3.1
3 - 0.88900 2.9
* IfNPV>=0, accept 4 3.3 0.85480 2.8
 IfNPV <O, reject 5 . 0.82193 i
6 3.3 0.79031 2.6
e Example: better lighting 7 i 0.75992 2.5
e Assume the discount rate is 8 3.3 0.73069 2.4

(o)

4% 9 - 0.70259 -
* NPV >0 ->accept 10 3.3 0.67556 2.2
NPV 12.3

—@ TAKING COOPERATION FORWARD 16
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NPV: pros and contras CENTRAL EUROPE S

The advantages:

The NPV expresses all future cash-flows in today's values, which enables their
direct comparisons.

The NPV method allows for inflation and escalation.

It looks at the whole project from start to finish.

It can simulate project what-if analysis using different values.
The disadvantages are:

It uses a fixed interest rate over the duration of the project.

Its accuracy is limited by the accuracy of the predicted future cash-flows and
discount rates.

It is biased towards short run projects.

TAKING COOPERATION FORWARD 7
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4th method: Discounted payback period CENTRAL EUROPE “i:

_TOGETHER _

° The diSCOUﬂted paybaCk per‘iod 1S Year Present value, Cumulated Discounted
the amount of time required for € Prese”é value,  payback, years
an investment to generate
discounted cash flows sufficient to 1 113 113
recover its discounted cost. , 3 82

. . - 3 2.9 5.3
 Aninvestment is accepted, if
. . . 4 2.8 -2.4 > 4
discounted payback period is <
some specified number of years. 5 2.7 0.3 =5
This cutoff is arbitrarily chosen. 6 2.6 2.9
7 Z.5 5.4
e Example: better lighting 8 2.4 78
e 4+24/2.7=49yearsisa 5 23 i
short payback period - >
pay P 10 2.2 12.3
accept

—@ TAKING COOPERATION FORWARD 18
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DPB: pros and contras CENTRAL BUROPE Fie

_TOGETHER _

Advantage:

e Still fairly easy to understand and communicate.

e Takes the time value of money into consideration.
Disadvantages:

e Requires an arbitrary cut-off point.

e Ignores cash flows beyond the cut-off.

e Biased against long-term projects.

TAKING COOPERATION FORWARD o
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£t method: Internal Rate of Return CENTRAL EUROPE &

_TOGETHER _

e Theinternal rate of return (IRR) is the discounted rate that makes the
NPV of an investment zero.

 The IRR method allows finding the interest rate that is equivalent to
the financial returns expected from the project.

* Once you know the IRR, one can compare it to the rates you could
earn by investing this money in other projects.

e If the IRR is less than the cost of borrowing used to fund the
project, the project will clearly be a money-loser.

 Therefore, the IRR should be at least several percentage points
higher than the cost of borrowing, to compensate for its risk, time,
and efforts associated with the project.

 The higher a project's internal rate of return, the more desirable it is to
undertake the project.

O
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IRR: procedure CENTRAL EUROPE !

JJJJJJJJJJJJJJJJ

m

Compute a discount factor called internal rate of return factor

Investment required

Internal rate of return factor =
/ / Net annual cash flow

Locate this discount factor in “present value of an 1€ annuity” table,

the factor could be located in the line with the project lifetime

See the rate of return written at the top of the column in which the
factor is written

Compare it with the minimum required rate of return

TAKING COOPERATION FORWARD
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The present value of an 1€ annuity
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_TOGETHER _

Period 1% 2% 3% A% % % 7% B% 9% 10% 1% 12% 13% 14% 15% 16% 20% 24% 2% 30%
1 095801 | 09804 | 09709 | 09615 | 09524 | 09434 | 09346 | 09259 | 09174 | 09051 | 09009 | 08929 | 08850 | 08772 | 08656 | 08621 | 08333 | 08065 | 0.8000 | 0.7&52
2 19704 | 19416 | 19135 | 1.8861 | 18354 | 18334 | 18080 | 1.7833 [ 4.7391 | 1.7333 | 17125 [ 16801 | 1.6581 1.6467 | 1.62537 | 16032 | 1.537T8 | 1.4568 | 1.4400 | 1.3609
3 29410 | 28839 | 28286 | 27731 | 27232 | 2670 | 26243 | 25771 | 25313 | 24869 | 24437 | 24MME | 23612 | 23216 | 22832 | 22453 | ZA06T | 19813 [ 13320 | 18161
4 39020 | 38077 | ATIT | 26299 | 35460 | 34651 | 33872 | 33121 | 3.2397 | 316539 | 39024 | 30373 | 29745 | 29137 | 28330 | 2TIE2 | 2OBET | 24043 | 23616 | 21662
3 48534 | 47935 | 45797 | 44518 | 43205 | 4024 [ 49002 | 39927 | 38897 | 37008 | 36850 [ 360MB | 3B5AT2 | 34331 | 33522 | 33743 | 29906 | 27454 | 26893 | 24356
[ 37935 | 56014 | 34172 | 5240 | J0757 | 49173 | 4TeES | 46329 | 44859 | 43333 | 43305 | 411914 | 39975 | 38887 | 37B43 | 3 684T | 33255 | 30203 | 29314 | 26437
T 67282 | 64720 | 62303 | 60021 | 57864 | 55824 | 53833 | 52064 | 50330 | 48684 | 47122 | 45638 | 44206 | 42883 | 41604 | 40386 | 36046 | 32423 | 31611 | 28021
] TEIMT | 73255 | 7497 | 67327 | 64632 | 62088 | 59713 | 57466 | 5.5348 | 53349 | 51461 | 49676 | 47988 | 46389 | 44873 | 40436 | 38372 | 3412 | 33289 | 29247
9 B56ED | BA 7.7881 74353 | 71078 | 6B0MT | 65152 | 62489 | 59952 | 57380 | 55370 | S22 | 5AM7T | 49484 | 47716 | 46065 | 40310 | 35655 | 31483 | 30150
10 94713 | 89826 | 85302 | BAM09 | TTAAT | 760 [ TOIE | 6.0 | BAMTT | 61446 | 5892 | 56302 | 54262 | 52161 | S.04BE | 48332 | 41925 | 36819 | 35703 | 30915
11 10368 | 97868 | 9.2526 | B.7600 | 83064 | 78869 | T40ET | 71390 | 6B052 | 64931 | 62065 | 39377 | 56869 | 54327 | 32337 | 50286 | 43271 | 37797 | 365684 | 3.1473
12 11255 | 10575 | 99540 | 93851 | 88633 | 8383 | 79427 | 7.5361 | 74607 | 68127 | 64924 | 64944 | 5976 | 56603 | 54206 | 39971 | 4.4392 | 38514 | 3725 | 31903
13 12134 | 11348 | 10635 | 99856 | 9.3036 | 88527 [ BISTT | 79038 | 74869 | 7034 | 67499 [ 64735 | A8 | 58424 | 5583 | 50423 | 45337 | 39424 | 3TA0M | 32233
14 13004 | 12106 | 11296 | 10563 | 98986 | 93950 | B7455 | B.2447 | T.7862 | 73667 | 69419 | 6632 | B302F | 60021 | 57245 | 34673 | 46106 | 39616 | 3.8241 | 32487
13 13865 | 12843 | 11938 | 11118 | 10380 | 97122 | 99073 | 8.5595 | 80607 | 76061 | 71309 | 68109 | 645624 | 61422 | 58474 | 59735 | 46735 | 40013 | 38593 | 32682
16 14748 | 13578 | 12581 11652 | 10838 | 10406 | 94466 | BASMI4 | B326 | 78237 | TAT92 | 69740 | 66039 | 62651 | 59542 | 56685 | 47206 | 40333 | 3.8874 | 32832
17 15562 | 14292 | 13166 | 12166 | 11274 | 10477 | 97632 | 91216 | B85435 | 80216 | 75488 | 71196 | 67291 63729 | 6.0472 | 57487 | AT7T46 | 40591 | 39033 | 32948
13 16388 | 14992 | 13.754 | 126359 | 11630 | 10828 | 10039 | 93719 | 87356 | 82014 | 77046 | 7.2497 | 68399 | 64674 | 61280 | 58178 | 48122 | 40739 | 33279 | 3.3037
15 17226 | 15678 | 14324 | 13134 | 12085 | 11138 | 10336 | 36036 | 89501 | 83649 | 78393 | 73638 | 69380 | 633504 | 61982 | J877TS | 48435 | 40967 | 33424 | 33105
20 18046 | 16351 | 14877 | 13.590 | 12462 | 11470 | 10554 | 98481 | 91285 | 8.5136 | 79633 | 74694 | 70248 | 66231 | 62553 | 59288 | 48696 | 41103 | 39339 | 3358
21 18837 | 17.0401 | 15415 | 14029 | 12821 | 11764 | 10836 | 10047 | 92922 | 86487 | 80731 | 7.5620 | 71046 | E6370 | 63127 | 39731 | 48943 | 4112 | 39631 | 313198
22 19660 | 17658 | 15937 | 14451 | 13163 | 12042 | 19.061 | 10201 | 94424 | 87713 | 84757 | 76446 | 71695 | 67429 | 63587 | 60413 | 49094 | 41300 | 33703 | 3.3230
23 20456 | 18292 | 16.444 | 14857 | 13.489 | 12303 | 11.272 | 10371 | 95802 | 8.8832 | 32664 | T.7984 | T.2297 | 67921 | 63988 | 60442 | 49245 | 41371 | 39784 | 33234
24 21243 | 18944 | 16936 | 15247 | 13799 | 12550 | 11469 | 10529 | 9.T065 | 80947 | 84B1 | T7E43 | T2RRY | 68331 | 64338 | 60726 | 49371 | 41428 | 39814 | 33272
25 22023 | 19523 | 17413 | 15622 | 14084 | 12783 | 11654 | 10675 | 98226 | 90770 | 84297 | 78431 | 73300 | 68729 | 64641 | 60871 | 49476 | 41474 | 39849 | 23286
30 23808 | 22336 | 19600 | 17292 | 15372 | 137635 | 12409 | 11258 | 10.274 | 94269 | 36338 | B.0552 | 74957 | 7.0027 | 63660 | 61772 | 49789 | 41601 [ 33330 | 3331
35 29409 | 24999 | M. 487 | 1BE63 | 16374 | 14498 | 12948 | 11655 | 10567 | 96442 | 88552 | BATSS | T5A56 | T.OTO0 | 66166 | 653 | 49945 | 41644 | 39984 | 33330
35 30108 | 25489 | 2832 | 18908 | 16547 | 14621 | 13035 | 11747 | 90812 | 96765 | BATEG | BA924 | TS5979 | 70790 | 66231 | 6201 | 49979 | 41649 | 359937 | 231N
40 32835 | 27355 | 23415 | 19793 | 17159 | 15046 | 13332 | 41925 | 90757 | 97791 | 89511 [ 82438 | 76344 | TH050 | 66418 | 63335 | 49966 | 41639 | 39933 | 33332
3l 39196 | 31424 | 25730 | 2482 | 18256 | 15762 | 13801 | 12233 | 10.962 | 99148 | 90417 | B35 | TETI2 | 71327 | 66605 | 62463 | 49995 | 41666 | 33399 | 3.3333

N’
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Example: better lighting Year Project Cash-
Flow, €

1 -11.7
Investment required _ 11

17 354 , .

Net annual cash flow 3.3

3 3.3
« Based on the PV of €1-annuity 4 33
factor, the IRR is 24% 5 B

6 3.3

* The minimum requirementis 1 3.3
country and client specific, but 8 3.3
24% bits all records 9 3.3

10 3.3

—@ TAKING COOPERATION FORWARD 23
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IRR: cut-off value CENTRAL EUROPE s

_TOGETHER _

The typical cut-off values for IRR are 10-15% that is much higher than the
market interest rate

 Aninvestment with zero net benefit is not enough to be profitable

* An investment is always associated with business risks i.e. changes in
market conditions, but once started the investment is not reversible

e Better equipment may become available in the future but investing

now lowers the likelihood that the new equipment will be purchased
later.

 Many firms have limited access to capital and they need to select the
investments with the best revenues.



HiIleIrcy n
RR: pros - CENTRAL EUROPE s

_TOGETHER _

e Advantages

e The IRR rule accounts for time value because it is finding the rate of
return that equates all of the cash flows on a time value basis.

 The IRR rule accounts for the risk of the cash flows because you

compare it to the required return, which is determined by the risk of
the project.

e The IRR rule provides an indication of value because we will always

increase value if we can earn a return greater than our required
return.

 Disadvantages

e If the cash flow is non-conventional, it may have multiple IRR,
depending on the number of changes in cash flow direction.

O



Project finance: Bimingham, UK

Her Majesty’s Treasury:
Infrastructure UK

Government
PFI Credits

Technical assistance

Retrofitted lighting
infrastructure

Birmingham

City Council

1/3 equity stake &
management for delivery of
contract requirements

Monthly unitary payments

25 year, $4.2 bn PFI
af which $117 mn for lighting

Amey Plc.

PFI - Private financing initiative
Source: ESMAP 2016

* Over the contract life time, the city pays
to Amey Plc. monthly unitary payments .

* For the first 5 years of the contract, an
independent certifier approves increases
of monthly unitary charges by ca 4%.

» The contract foresees cases for
deductions in payments by the city

-® .

witerreg @

CENTRAL EUROPE e

_TOGETHER _

Contracting
e The core investment - in the first 5 years.

e The rest - in the following twenty years.
« All assets are operated and maintained
over the contract period of 25 years.

* Through the SPV, Amey Plc. is
responsible for purchase, installation,
and maintenance.

e The city can audit the performance of

Additional element

e Funding
» Grants from the UK government
* Credits from two investment fund as
well as other investors and debt
providers
» Key drivers of the project success are
e availability of national framework
» availability of technical assistance.

AKING COOPERATION FORWARD 26
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CENTRAL EUROPE e

_TOGETHER _

Project bundling

TAKING COOPERATION FORWARD | -




HiIleIrcy n
Case study: the province of Huelva, Spain e

_TOGETHER _

The province of Huelva in Andalusia comprises a large number of small
municipalities.

In the IEE-funded project MLEI Accelerate, the Province and the provincial
energy agency put together bundles of municipal investment projects
which will be tendered to ESCOs. Some bundles target buildings (although
the focus is not on deep renovation), and some target street lighting.

A similar project is taking place on street lighting in the Province of
Teramo (Italy)

More information: accelerate project at
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Project bundling: options e B

_TOGETHER _

Option 1: DIPH as a procurement body Option 2: Groups of municipalities as
S a procurement body
Municipality Procurement
1 " bodyl
Municipalit unicipality
e pE DIPH ESCO 1
Municipality DIPH M“”‘C;pa“ty ESCO
3

Option 4: groups of municipalities

Option 3: a local consortium as a . e
acting individually as procurement

procurement body

. body
Municipality Mancommunity Procurement
1 local bo1dy
Mumcipahty consortium Ecs>C Municipality
Municipality procurement DIPH 2 ESCO
3 y Municipality

DIPH 3

O
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Project bu ndling CENTRAL EUROPE &)
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Basic data for financial viability per municipality
Investments in energy efficiency

Annual energy consumption

Annual preventative and corrective maintenance costs (equipment and staff)
Common conditions for financial liability

IRR 6%

5% of energy savings for municipalities with annual fee

Retail Price Index 4%

12 year contract

No substitution of maintenance personal
Costs chargeable to ESCO
First year investments

Monitoring / telemanagement
Annual electricity costs

Annual maintenance costs

Data collection costs

Costs chargeable to municipality
Annual fee for energy management

Annual fee for maintenance

B
¥
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On-bill financing - the homeowner continues to pay the same amount, while the investor
recovers the amount saved through the house maintenance company.

Using these money, energy suppliers are able to upgrade clean energy, where the house owner
pays for it by himself.

Such funds can be facilitated either by utility, the state or even third parties. Next to on-bill
loans, there are on-bill tariffs.

Example: The RenEsco’s business model uses EPC as a tool for renovating the buildings, in
combination with on-bill financing (i.e. the homeowner continues to pay the same amount,
while the ESCO recovers the amount saved through the House Maintenance Company).

The ESCO signs a 20 year EPC contract with the Home Owner Association (HOA)
The ESCO takes on a loan from a Financial Institution (FI)
The ESCO renovates the building to reach typically 45% — 65% savings,

The House Maintenance Company (HMC) bills the same amount as before the renovation
works, and pays the ESCO a percentage of those bills, based on the realized savings.

The HMC pays the lowered energy bill to the heat provider



On-bill financing
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e The most straightforward model is to pay from the own funds of municipalities.
— The revolving scheme help raise the funds to the budget.
e |f own resources are limited, the municipalities could obtain debt.

— The options are a low interest loan from a public lending program, a commercial loan
from a commercial bank, or it could issue municipal bonds.

e The alternative is to reallocate the burden of financing on third parties.

— In asimple contracting model, the contractor directly receives a contracting fee, which
covers the costs of planning, financing and execution of the retrofit, plus its margin.

— In a model with forfeiting and waiver of defence, but the bank enters into agreements
both with the contractor and with the city.

— In energy performance contracting models, the energy cost savings achieved via a
reduction of energy consumption are used to finance the retrofit.

* Typically, the contracted ESCO guarantees an energy saving level to be achieved.
* Additional savings could be shared between the municipality and the contractor.

* Each of the models has its advantages and disadvantages as well as constraints to do with
the economic, market, and legal conditions in which it could be applied.
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Learning objectives:
 To understand the difference between different types of capital

e To understand the main sources of funding for the projects on energy
efficiency in public buildings

Expected outcomes:
e Better skills in identifying alternatives for funding
e Be aware where to request additional information and how to apply
* Be aware of the sources of case studies

 Be aware of self-learning resources such as guides, platforms, studies,
tools, etc.

TAKING COOPERATION FORWARD 7
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e Type of capital
 Type of capital provides
e (Capital providers for energy efficiency in public buildings
e Objectives
* [nstruments
e Activities covered
e Beneficiaries
e Timeline

—@ TAKING COOPERATION FORWARD P
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Grant
 Non-repayable funds disbursed by grant-makers (government, foundation, etc).
Equity (risk)
e The funds provided by the owners and is the lowest-ranking capital of all in terms
of its claims on the assets of a project.

* Normally, any distributions that can be made to equity investors is done after all
other project obligations are satisfied.
Debt

e Senior debt has first claim over all the assets of a project and must be repaid first,
according to a predetermined schedule. The claims of others can be considered
only after the claims of senior debt are satisfied.

Mezzanine capital

e Has both debt and equity features and, correspondingly, it has a risk profile that is
somewhere between debt and equity capital (e.g. subordinated loans and
preference shares)

The return on each type of capital is determined largely by its risk characteristics.
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European Structural and Investment Funds
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European Structural and Investment Funds

The European Structural and
Investment (ESI) funds

— The European Regional
Development Fund (ERDF)

— The Cohesion Fund (CF)

The delivery is through Operational
Programmes (OP), which are
negotiated by the MS & regional
authorities with the EC. OPs set
strategic goals and investment
priorities by country or region.

The OPs are managed by
authorities at national or regional
level in the partnership with the
EC.

EU

0,5
4,3
11,9

10,8
10,7

20,6
40,2
7,3

1,4

Nat

1,5
0,7
5,2

6,9
1,8

11,9
7,2
2,9

0,4

nmilterrcy
CENTRAL EUROPE i

Total

17,1

17,7
12,6

32,6
47,5
10,2

1,8

_TOGETHER _

EU

2,6
6,2

23,2
4,1

0,8

Table 1: Budget allocation among countries from the
ERDF and Cohesion Fund in 2014 — 2020, billion EUR

Nat Total
0,4 3

1,1 7,3

1 7

4 27,3
0,8 5
0,2 1
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To promote stronger economic and social cohesion by reducing the disparities between regions
*Grants (co-financing up to 75% of project cost). There is no minimum size for projects.

*Non-grant funding: loans, guarantees, equity participation, other risk management instruments with possible
technical assistance

*Grants through the European Territorial Cooperation Programmes (INTERREG)

Specific funding instruments and amounts are listed in OPs of each Member Stat.

*Among listed activities: support for small and medium-sized enterprises (SMEs) and the low-carbon economy
*Specific activities are listed in OPs of each Member State

EU-28: Public bodies, local, regional, and national authorities, social, cultural and educational institutions,
companies, small and medium-sized enterprises, associations, non-governmental organizations. Foreign firms

with a base in the region covered by the relevant operational programme can also apply, provided they meet
European public procurement rules.

2014-2020

http://ec.europa.eu/regional_policy/en/funding/erdf/
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Objectives:

Activities:

To alleviate social and economic disparities in countries with lower GNI (Bulgaria, Croatia, Cyprus, the Czech
Republic, Estonia, Greece, Hungary, Latvia, Lithuania, Malta, Poland, Portugal, Romania, Slovakia and
Slovenia)

*Grants

*Non-grant funding (loans, guarantees, equity participation, other risk management instruments, possible with
technical assistance)

The level of financing for a project can amount to up to 85% of its cost.

*Trans-European transport networks, infrastructure projects under the Connecting Europe Facility;

*Environment: projects related to energy or transport, which clearly benefit the environment in terms of
energy efficiency, use of renewable energy, developing rail transport, supporting intermodality, strengthening
public transport, etc.

Local and regional authorities

http://ec.europa.eu/regional_policy/en/funding/cohesion-fund/

FAKING COOPERATION FORWARD 5 s
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*Ongoing projects:

*Past projects:

*How to apply

*Please search for the OPs financed by ERDF and the Cohesion Fund which are available in
your country: http://ec.europa.eu/regional_policy/en/atlas/programmes/

*Please find responsible managing authority in your country, which evaluates your
proposal:

 http://ec.europa.eu/regional_policy/en/atlas/managing-authorities/

*|f you are a small business, you could turn to the Enterprise Europe Network
(een.ec.europa.eu) which provides expert advice on how to access EU public funds.

eFurther readings

*EU Regulation - Common Provision Regulation (CPR): https://ec.europa.eu/digital-single-
market/news/eu-regulation-common-provision-regulation-cpr

O
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To improve capacities in regional development

Grants (co-financing)
Transnational partnerships in innovation, CO2 reduction, transport & mobility, protection of natural and
cultural resources

Public authorities and real entities, regional development and innovation agencies, enterprises,
chambers of commerce and associations, financial institutions, energy supplies and management
institutions, education and training organisations, NGOs from Austria, Croatia, Czech Republic,
Germany, Hungary, Italy, Poland, Slovakia, Slovenia

2014-2020. Current call: September 2017

http://www.interreg-central.eu/Content.Node/apply/home.html

e Past projects

http://www.interreg-central.eu/Content.Node/apply/projects-2007-2020.html

e How to apply

O

Please submit all the necessary documents listed here: http://www.interreg-
central.eu/Content.Node/apply/documents.html

Please register and apply on the online platform here: https://ems.interreg-
central.eu/app/main?execution=elsl
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EU finanacing instruments
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Facilitate investment from the private sector for strategic investment projects for small and medium-sized
companies

Grants, project loans, guarantees, debt financing, equity, venture capital

Among other, in such areas as infrastructure and research and innovation strategic investments will be
supported by the Fund.

SMEs, public entities, national promotional banks, bespoke investment platforms, NGOs, funds, associations

http://www.eib.org/attachments/press/investment_plan_for_europe_ga_en.pdf

 Past projects:
e How to apply

e Please submit your request for financing either to EIB or EIF partner
institution in each country:
http://www.eib.org/projects/cycle/applying_loan/index.htm

e Each project will be assessed via EIB due diligence as well as the EFSI
@ Investment Committee
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To facilitate affordable private investment in the energy efficiency area and at the same time help involved
countries pursue their targets within NEEAP

EIB Loans for Energy Efficiency , expert support

The energy efficiency loans under this instrument will be provided for max. 20 years and at competitive rates,
covering up to 75% of the capital costs.

Public sector and private sector financial institutions. Financial institutions may submit an application as a
group under a single legal entity.

2014-2017 (next deadline is the 30t of June)

http://www.eib.org/attachments/documents/pf4ee_request_for_proposals_en.pdf

e How to apply
* Express your preliminary interest and ask questions, and eventually apply:

e Please find the information regarding financial intermediaries and participatin
countries on this webpage:
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To provide framework financial support to multiple projects, but within one investment programme.

Loans: maximum volume of €50 million for 3-5 years
Municipal infrastructure, including energy efficiency
Local/regional authorities

http://www.eib.org/attachments/documents/mooc_factsheet_eib_framework_loans_en.pdf

e Past projects:

e How to apply

O

Please exchange information with the EIB to confirm mutual interest
After internal first stage approval, an appraisal phase will be carried out by
a loan officer (accompanied by urban specialists)

Loan decision takes from 6 months to 1 year, depending on how specific
framework loan aspects are
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To foster 20-20-20 goals, promoting a sustainable energy market and climate protection

Senior debt, subordinated, guarantees, mezzanine instruments, leasing structures, forfeiting loans
Energy efficiency and renewable energy projects

Municipal, local and regional authorities; public and private entities

Further information: http://www.eib.org/products/elena/index.htm

e Current investments:
e How to apply
* Please find out whether your project is eligible:

e Please contact or for
technical assistance (next deadline is 1st March 2017)
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EU technical assistance in project development
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To overcome the lack of technical expertise and organisational capacity

Grants for up to 90% of technical support cost
Among others, the facility provides the funding for technical assistance in developing, implementing an
investment programme in the following areas:

senergy efficiency improvements in public and private buildings, including social housing and street and traffic
lighting,

sintegration of renewable energy sources (RES) into the built environment
sinvestments into renovating, extending or building new district heating/cooling networks
elocal infrastructure, incl. smart grids, ICT infrastructure for energy efficiency, etc.

The facility focuses on big-sized investment project of at least €30 million.
Public authorities for the mobilisation of investments and implementation of their sustainable energy action
plans (SEAPs).

Public and private project promoters, including municipalities, regions, public/private infrastructure or
transport operators, energy service companies, retail chains, estate managers, small and medium enterprises,
as well as industry for the development and launch of substantial, investible (bankable) investment projects
and programmes which will contribute to achieving and going beyond the objectives of the EU energy policy.
As of January 2017, the funds have been available. When funds will be exhausted, a notice will be posted on
the ELENA webpage.

Further information: http://www.eib.org/products/elena/index.htm
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* Ongoing and completed projects:

e How to apply
e Please contact the ELENA staff directly by e-mail at
e Please attach to your email:

* A brief description of the applicant and the planned investment
programme/project, e.g. the project/programme type, its
schedule, investment costs, the implementation approach, etc.

e A brief description of the need for technical assistance and the
amount requested for it.

e The ELENA team will follow up with further guidance how a formal
application can then be submitted.
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Build technical, economic and legal expertise needed for project development and leading to the launch of
concrete investments.

Objectives:

!’undmg Grants for 100% of eligible costs
instruments:

The call grants the funding for project development assistance in the range of €0.5 - 1.5 million. Submission of

Activities: proposals requesting other amounts in allowed.

The call focuses on small and medium-sized investment project of EUR 7.5 - 50 million.

Public authorities or their groupings, public/private infrastructure operators and bodies, energy service

Beneficiaries: . . . . .
companies, retail chains, estate managers and services/industry

A few deadlines per year

LG The next application deadline is June 2017.

http://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/ee-22-2016-

More info: 2017.html

TAKING COOPERATION FORWARD | 1o
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Ongoing projects:

How to apply

e Online guide on the procedures from proposal submission to
managing your grant:

Additional readings

e European Commission. Horizon 2020 Work Programme 2016 — 2017.
10. 'Secure, Clean and Efficient Energy'. (European Commission
Decision C(2016)4614 of 25 July 2016).

—@ TAKING COOPERATION FORWARD 20



witerreg

European Investment Advisory Hub (EIAH) CENTRAL EUROPE U

*ToceTHer N

Objectives: To mobilise investments in the real economy by building an investment friendly environment

Free of charge project development assistance: technical project support, project structuring, financial
advice, capacity building, policy advice

Municipal projects, including energy efficiency

Beneficiaries: Public and private sector; managing, procuring authorities; national promotional banks and institutions

Instruments:

More info: Further information: http://www.eib.org/eiah/support/fag.htm

* Past projects:
e How to apply
e Pleasefill in the contact form here:

—@ TAKING COOPERATION FORWARD | 21



Joint Assistance to Support Projects in European

Regions (JASPER)

Better allocation of EU Structural and Investment Funds

Technical assistance: project preparation, capacity building and strategic support, independent quality
review, horizontal tasks

Municipal projects, including energy efficiency

Public authorities

Since 2006

http://www.jaspers-europa-info.org/content/eligible-countries
https://ec.europa.eu/info/funding-tenders/european-structural-and-investment-funds_en#investmentareas
*JASPERS assignments so far:
*Current statistics:

*How to apply
*Please consult the list of National Authorities:

*Managing Authorities should contact the JASPERS staff directly by e-mail at

O
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Objectives: To enhance the efficient use of the EU funds

Grant funding for technical assistance to cover up to 90% of eligible costs. The latter include support the
necessary preparation of an investment project. The project average size of the investment project is at

least €30 million.

Activities
covered:

Public authorities

Timeline: 2014-2020

http://www.eib.europa.eu/products/blending/esif/index.htm

Past projects:

Municipal projects, including energy efficiency

bl
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Objectives: To provide practical knowhow and learning tools on financial instruments
m Technical assistance

Activities: Practical tools, learning opportunities, trainings, institutional assessments

ESIF managing authorities, EaSI microfinance providers, other stakeholders
https://www.fi-compass.eu/

—@ TAKING COOPERATION FORWARD |
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Financial intermediaries
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e The EIB is the Bank of the European Union, representing the interests of
the Member States and implementing EU policies.

* EIB borrows, lends multilaterally and provides consulting for questions of
combination of different financing sources, administrative and project
management with the overriding goal to achieve EU’s targets.

 EIB defined four priority areas, where only projects with sustainable
contribution will be supported.

 One of the priority fields is environment and climate, where the Bank

finances up to 50% of eligible costs for projects which fulfilled all strict
requirements.

e http://www.eib.org/



' mIltCIIrcy ﬂ
European Bank for Reconstruction and CENTRAL EUROSE ttis
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 ERBD represents a multilateral organisation, providing policy reform
dialogue & advisory services, investments for promotion of modern
market economy in more than 30 countries from Central Europe to
Central Asia.

e Although the Bank focuses more on private sector funding, municipal
infrastructure builds an important pillar in the EBRD’s portfolio.

e EBRD puts special emphasis on sustainable environmental
improvement in a municipal infrastructure through market-based
approaches and instruments.

e More information:
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The German bank KfW carries out some commercial activities abroad as well.

e The KfW Energy Efficiency Programme — Production Facilities and Processes
supports not also German enterprises and their subsidiaries and joint ventures, but
also non-German companies as well as those under an energy contracting which
would like to invest in and outside Germany.

 The main prerequisite is to manifest considerable energy saving effects.

e 20% end-energy should be saved in the last 3 year, and through new investment
somewhat 15% must be reached compared with the industry average.

e Itis possible to receive up to 3 repayment-free years with favourable interest rates
for small and medium-sized companies.

The KfW also provides loans to partner banks in Europe which in turn provide financial
support either form SMEs and municipalities focused on environmental and climate
friendly development.

More information

https://www.kfw.de/inlandsfoerderung/Unternehmen/Auslandsvorhaben/index-
2.html#

https://www.kfw.de/KfW-Group/About-
KfW/Auftrag/Sonderaufgaben/F%C3%B6rderkredite-EU/
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The most traditional source of debt financing are commercial banks.

To a lesser extent, they are also providers of mezzanine capital.

Their operations essentially revolve around the creditworthiness of their borrowers and
the security of their loans.

Much stress is put on actions aimed at ensuring loan repayment.
Some of the considerations made by commercial banks during the appraisal of a project

are:

The level of commitment of the sponsors and other major participants, in terms of
investment and personnel

The completion and technical targets of the project’s budget, as any slippage will
have an adverse effect on the economic viability of the project

The experience and capabilities of project management in implementing this type
of project
The degree of confidence in the project’s cost and revenue targets will be

determined by the reliability of the assumptions on which the inputs supplies and
demand projections are based

The strength of government support



National public financing sources
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Climate and Energy Funds
e Q@Grants and subsidies.

Federal programmes "Klimaschutz in Gemeinden" and "Energiesparen in
Betrieben"

* Provide low-cost loans to municipalities for a number of measures
State funding

e For small-scale urgent energy-saving measures in municipalities that
are not covered by the federal programmes

“Energie-Contracting-Programme”

* Provides grants to municipalities to support implementation of energy
performance contracting.

* For local municipalities there is an advisory set of services in order to
help local bodies develop and promote energy-efficient concepts.
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Croatia
J* TOGETHER

The Fund for the Environmental Protection and Energy Efficiency
* Provides co-financing to support the deployment of energy efficiency

* Loans, subsidies, financial assistance, and donations based on a public
contest.
The Regional Energy Efficiency Programme for the Western Balkans (REEPWB)
funded by the EU and implemented by EBRD
e Credit lines and technical assistance to support investment by businesses
and municipalities in energy efficiency and small-scale renewable energy
projects.

 The Programme encourages primarily public sector to participate in the
Energy Community process, doing the projects contribution to the NEEAP.

Green for Growth Fund Southeast Europe (GGF)

* The other credit line and technical assistance available for energy
efficiency and renewable energy investments by the municipalities and
businesses in Croatia.
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The EFEKT program implemented by the Ministry of Industry and Trade is
the key program

The country relies strongly on the OPs of ERDF

Starting with 2014, a few low-interest loans for the building sector have
been provided under the JESSICA Programme in order to support the
development in urban areas.

By now, there are 41 cities in the Czech Republic, where the
programme with the overall volume of €19,6 million is available in
cooperation with the Commercial Bank (KB).
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The KFW programmes for municipalities : IKK — Investitionskredit Kommunen (208)
and IKU — Investitionskredit Kommunale und Soziale Unternehmen (148).

e |nvestitionskredit Kommunen (208)

e Can cover up to 100% of all eligible investments per project of over €2
million and up to 50% of the costs for projects under €2 million at 0,05%

e The maximum funding amount per applicant is up to €150 million.

Bayerische Landesbank offers more favourable financing conditions for those who
satisfy the bank’s sustainability criteria.

e A service called LBImmoWert helps establish the value and risk effects of
the sustainability of their clients’ properties, and provides advice
concerning building improvements. Furthermore, the bank is offering PPP

municipal special financing model providing project financing with other
additional services.
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National Climate Initiative (NKI) implemented by the Federal Ministry for the
Environment, Nature Conservation, Building and Nuclear Safety since 2008 also
offers significant support to the municipalities under the NKI programme
“Forderprogramm Kommunalrichtlinien”

e The amount of funding depends on the energy savings achieved.

e Ex.: for street lighting, the programme covers up to 20% of eligible costs for
projects achieving emission reductions of at least 70%, and up to 25% of
eligible costs for projects with at least 80% of emission reductions. If a project
is using high efficient LED technologies and achieves at least 70% emission

reductions, the amount of support can cover up to 30% of eligible project
cost.

* Municipalities with limited financial possibilities will be subsidised with a
maximum funding rate.
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e Two programmes facilitated by the EU Structural and Cohesion Funds

 The Environment and Energy Operative Programme (Kornyezet és
Energia Operativ program - KEOP)

e The Environment and Energy Efficiency Operative Programme
(KEHOP)

 The alternative is debt-capital from the EBRD in cooperation with the
Erste Bank
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e Within the 2014-2020 programme period, the EU Structural funds have
allocated overall €22 billion for increasing regional energy efficiency,

mainly focusing on public buildings with application of energy
performance contracting.

—@ TAKING COOPERATION FORWARD 37
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There are a few programmes facilitated by the EU Structural and Cohesion
Funds which promote energy efficiency in public buildings

e OP “Sustainable energy consumption and production, and smart
grids” facilitated by the Cohesion Fund managed by the Ministry of
Infrastructure

 ERDF Ops where increasing of energy efficiency in the public sector is
a funding priority.

TAKING COOPERATION FORWARD ps
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An energy service company (ESCO) is a company that provides energy solutions,
including

e auditing, designing, and implementing energy efficiency projects
e sometimes they also provided energy supply, financing and risk management.

ESCOs are fundamentally different from consulting engineers and equipment
contractors because they bear the project risks

e consulting engineers provide a piece of advice
e equipment contractors are paid for the equipment

ESCOs may be privately-owned companies, state-owned, non-profits, joint
ventures, manufacturers or manufacturers' subsidiaries.

Financing capabilities vary with the financial situation of the ESCO. Some have
large parent companies, which allows them to self-finance projects. However, all
ESCOs rely to some extent on third-party financing.
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eExample: Italy

*All distributors of electricity and natural gas with more than 50,000 clients are
obliged to reach specific quantitative goals of primary energy savings,

*The Ministry of Economic Development, together with the Ministry of the
Environment and Protection of Land and Sea, sets the annual energy saving
obligations and the rules of the White Certificate scheme.

*Electricity and gas distributors have two choices:

* They can fulfil the specific targets (obligations) by implementing energy
efficiency projects or they can buy certified energy savings (White
Certificates) from other parties in the certificate market.

e ESCOs can also participate in trading

*Savings achieved must be additional to measures that would be normally
implemented, including those implemented to meet new legal requirements.

*Eligible measures are e.g. the replacement of inefficient equipment, boiler and
lighting systems, solar thermal and cogeneration.

O
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Institutional investors as a source of debt, equity and mezzanine financing
are non-bank financial institutions such as insurance companies, pension
funds and investment funds.

Institutional investors distinguish themselves from commercial banks in
that they mobilize long-term contractual savings as opposed to short-term
deposits.

By virtue of the long-term nature of the funds, many institutional
investors are able to provide long-term debt, mezzanine and pure equity
financing.

Institutional investors are therefore an important source of long-term
funds for large projects.
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 Crowd investment platforms allow people jointly invest in energy efficiency projects of
established enterprises, NGOs and local authorities.

e (Case study: Bettervest, Germany
e is a platform that brings together project owners with investors.
e s a platform for manufacturers and the companies which install their technologies.
* jt selects projects with high energy /cost savings assessed by certified consultants
* it helps the project owners get the investment capital with the help of the crowd.

* it ensures the investors receive a part of their investment plus a fixed interest rate
annually throughout the contract period.

e ensures that participants fulfil legal requirements
e supports project owners with individual marketing campaigns.
e charges a commission based on the initial investment and an annual handling fee.

* both are already taken into consideration when calculating the interest rate so that
the project owner does not face a large initial outlay.



Case study: Wilhelmstadt HIECITrey ==

Gymnasium, GE

bettervest

nachhaltig - effizient - rentabel
d PrOJeCt (energy savings 27%, Implementatlon time 8 years)

* The replacement of an oil-based heating system with
two combined heat and power (CHP) units, modernized Tr?:nd
condensing boilers, a local heat distribution network,
transfer stations and modern control technology

e Start Date - Close Date : 2016/09/22 - 2016/12/22

I-‘:: <l
)

M
ﬁi:

shobdke

o |
[ T T 111
Crowd bettervesi

e Participation Type: Loan, expected ROI: 6% \ Srai. v i e
* Total Investment required : € 810,000
e Crowd Investment Target: € 600,350 Trgd
* Received through crowd investment: 418,150€ from 472
investors

GYMNASIUM

thhe[mstadt \ _ P B,

= S -
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efficiency in public buildings: EU funds " TOGETHER

European Structural and Investment Funds
— European Regional Development Fund (ERDF), including INTERREG CE
— Cohesion Fund
Financing institutions instruments
— European Fund for Strategic Investments (EFSI)
— EIB Municipal framework loans (EIB)
— Private Finance for Energy Efficiency (PF4EE)
— European Energy Efficiency Fund (EEE)

—@ TAKING COOPERATION FORWARD
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e Technical assistance in project development

European Local Energy Assistance (ELENA)

Horizon 2020 (Call EE-22-2016-2017 Project Development Assistance)
Joint Assistance to Support Projects in European Regions (JASPERS)
European Investment Advisory Hub (EIAH)

ESIF financial instruments (former JESSICA)

Financial instruments advisory (fi-compass)

TAKING COOPERATION FORWARD 1o
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efficiency in public buildings: others

CENTRAL EUROPE

National public financing sources

— Austria, Croatia, the Czech Republic, Germany, Hungary, Italy, Poland,
Slovakia, and Slovenia

Financial intermediaries / bi and multi-lateral agencies
— European Investment Bank (EIB)
— European Bank for Reconstruction and Development (EBRD)

— KfW (outside of Germany)Alternative public financing
mechanisms/instruments

Financial intermediaries / Commercial banks

Institutional investors

Contractor

Citizens

Utilities (e.g. under utility obligation schemes/ white certificates)

TAKING COOPERATION FORWARD
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Aleksandra Novikova, PhD
Senior Research Associate

IKEM - Institut fOr Klimaschutz, Energie und
Mobilitat e.V.

MagazinstraBe 15-16

D-10179 Berlin

aleksandra.novikova@ikem.de
www.ikem.de
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Learning objectives:

Understand different models to finance the projects on energy
efficiency improvement in public building

Expected outcomes:

Be able to choose a relevant financing model depending on local
conditions

Be aware of resources for further self-learning, e.g. guides,
comparative studies, case studies, online platforms, etc.

TAKING COOPERATION FORWARD 7
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Self-financing
Debt-financing
Financing by a private contractor
Financing by private partner through energy savings
Project finance
Case studies
- Revolving fund
- On-bill financing
- Project bundling
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SELF-FINANCING
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e Historically, the municipal budget and dedicated national or federal
funding sources used to be very common for funding the projects on
energy efficiency retrofits of public buildings.

 The financing model of such retrofit project is rather simple, e.g. a

municipality identifies the investment need, prepares a request for
financing, obtains its approval, and issues a tender to select a contractor,

who conducts the retrofit.
e To minimize the burden on tax payers, the public sector could design and
implement additional schemes to help raise the funds for the budget.

e For instance, a municipality could invest in retrofits and once it
accrues saved energy costs, it could re-invest them in new retrofit

projects.
e The example includes for instance the municipality of the Hague .

O
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e  The municipal internal performance Example: City of Stuttgart
contracting scheme is based on the

“contracting” concept but is entirely

financed from municipal budget funds.
Analysis of energy

e  One department finances cost-efficient . saving potential | |  Building
q . environmental | I.e. school,
energy and water saving measures. protection contract hospital
e  The savings made by the other department Eund for
or an municipally-owned companion —»| energy saving Budget for
: energy costs
‘ ‘ projects A
e Their energy bills are used to repay the 1st R educed
. =
department until full recovery of the Ei . \ saue
) ) Inancing | energy saving I energy costs
investment capital. >

project

Saved energy costs get to the fund => Refinancing the fund

Source: Energy cities project
http://energy-cities.eu/IMG/pdf/dossier_intracting_en.pdf

_@ TAKING COOPERATION FORWARD 6
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The financing model of such projects would include obtaining the debt, e.g. taking
the loan or issuing bonds, and issuing a tender to select a contractor, i.e. an
energy service company, who conducts the retrofit.

A low-interest (concessionary ) loans from the public (national or EU) budget

* In Germany, a dedicated programme of KfW bank for municipalities offers
loans for energy efficiency in public buildings at interest rates close to 0%.

e |In Croatia and Lithuania, the revolving funds are set up from the federal
budget that provides loans and guarantees to municipal governments for
energy efficiency investments.

A commercial loan at a market rate from commercial banks.

* |n case of commercial loans, the interest rate under which the loan is awarded
does not depend on saved energy costs but on the credit record of borrower.

* In Hungary, the Erste bank provides tailored commercial loans to
municipalities to finance energy efficiency infrastructure.
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The issue of municipal bonds.

A municipal bond is a bond issued by a local government, or their
agencies.

— Potential issuers: states, cities, counties, redevelopment agencies,
special-purpose districts, school districts, public utility districts, etc.

A bond is a debt in which the authorized issuer (i.e. debtor — municipality)
owes the holders (creditors) a debt and is obliged to pay interest (coupon)
and/or to repay the principal at a later date, termed maturity.

If bonds are issued on a large scale, a dedicated municipal bonds agency is
required. It aggregates the borrowings from a number of local
governments, raise capital on the financial markets through the sale of
bonds and on lend the proceeds at a lower rate than if the debtors were
to issue their own bonds.
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e  Kommuninvest in Sweden
e Setupin 1986, Kommuninvest is triple A-rated and borrows using bonds.

e [tlends the funds to 260 local authorities to fund projects such as roads and
renewable energy. In 2012 its target was to lend more than EUR 20 billion.

* |In Europe national municipal bond agencies exist in Finland, Sweden, Denmark,
Holland, Switzerland, and Italy.

e The Green Bond Program of the Swedish city of Gothenburg

* |[ssued a 6 year ‘green’ bond to fund public transport, water management,
energy and waste management projects.

e This raised EUR 50 million and was oversubscribed.

 Three French provinces have also raised money via bond issuance to fund green
social housing, renewable energy and energy efficiency projects.

Source: http://www.managenergy.net/

O
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Case study: arevolving fund
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https://www.svn.nl

Muncipality of
The Hague

Flill'ldinﬂ 1 llrh all
ERDE + match evelopment
Budoet
2 Co-financing
"""""""""" Fund

Funding |

Lirmted
Partnership

with Frogramme Managemeant
Buthaorities "0 Authority
I e “Dpportunities for
EF;'B"f‘:‘Lm g eremﬁunal _______ West- OFW"-
1 ERDF funds
2. National Co-
financing

Private nvestors

can imast in the = o]

Helding Fund, in = Funding |

the E'mgy Fum ------ i

or in the Urban Investors Limted i Management

-

Devalopmant Partnership | Agresmen
Projects —— neough
JESSICA Financing: SVI"I
E:aans S Fund Manager
Gﬂﬂg,ﬁ‘f'.;g””- e Program Delivery Unit
Funding |
Urban
Institutions - — F’rcrjects
= Debt Service
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Casestudy: Energy Fund Den Haaqg 2
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Program authority Municipality of The Hague

Program delivery unit Energiefonds Den Haag (ED) C.V.
Operating services Marketer, assessor, financier

Create a multiplier effect in investments in renewable energy in the
territory of The Hague by the provision of 4million € revolving
finance to urban development projects by 31.12.2015 and by
attracting complementary private financing

Ambition/targets

Project developers, housing corporations, businesses, foundations
and NGO’s and public entities e.g. municipalities, local authorities

: : Investment fund, financial institutions, private investors, project
Funding Vehicle owners P ProJ

Financial Instruments Loans, equity, guarantees

Beneficiaries

‘-1
—® hitps: / /. svn.ol FAKING COOPERATION FORWARD | | 13
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Casestudy: Energy Fund Den Haag 3
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Beneficiaries requesting aid from ED have to meet eligibility criteria set ERDF OPs

Projects are appraised on the basis of:

sound business model and business plan,
cash flow able to reimburse the investments increased by the inflation or interest rate,
a financial viability gap to justify the need for sub-commercial investments by ED,

prior to applying for sub-commercial conditions, beneficiaries need to demonstrate that
efforts were taken to secure the max level of private finance under market conditions.

SVn and applicants follow an application process with standard documents

Negotiation phase

Credit analysis, preparation and submit advice request to Advisory Committee
Issue offer and offer accepted by beneficiary

Credit application refused of withdrawn

Credit application approved

Amounts reimbursed by the beneficiaries will be used by ED to fund other urban projects.
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Financing by a private contractor

TAKING COOPERATION FORWARD
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Simple contracting model

Architecture
equity and/or
confractor financing of ﬂnari:inwg via bank
investments
investments contracting fee
{+ operations)
city

Projects financed with this model

* Projects need to have a sensible
minimum size, to justify the set-up of
the model by the contractor.

e EURO0.5 - 1 million may be the

minimum project volume.

ull.e[lcbm
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Advantages

* For cities: the model usually is off-
balance sheet.

* However, do clarify this issue with
the responsible authority, which the
city has to report to.

» Specialised companies can be selected
via the tendering process.

Disadvantages

For cities: high costs.
 The contractor’s capital is expensive
vs cities’ budget or low % loans.
Restrictions in the availability of grants.
 Sometimes, federal budget grants
cannot be used for contracting
models.
For contractors: it’s on-balance sheet.
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waiver of defence ) TOGETHER

Architecture Advantages
financing of inwvestments
e e For cities:

part of the receivables
are sold to the bank

*The model usually is off-balance sheet.
*Contracting with forfeiting and waiver of
defence will have a lower interest rate,
included in the contracting fee (because

T for receivables not sold to the bank municipal money 'is lOW-I‘iSk).

** forfeiting + waiver of defence

_ guaranteed fee **
investments feg *

{+ operations)

ity

Projects financed with this model Disadvantages

» Projects need to have a sensible « Although the % rate is lower than in the
minimum size. simple contracting model, it is still higher

« EUR 0.5 - 1 million may be the than in low % rate lending programmes.
minimum project volume. « The high complexity of this model

« But due to the higher complexity of the » Alarge part of the city’s payments, e.g.
model, it might be a more difficult to the payments to the bank, have to be
find a bank financing projects below EUR guaranteed, regardless of the project
1 million. performance.

O



Contracting model with forfeiting and
waiver of defence: Dillenburg, Germany

Challenge

To find a specialist for the modernisation
of street lighting , while the
responsibility for operations would
remain with the utility of Dillenburg.

To spread the costs over a 12-year period

Financing details

Some 70 % of receivables were sold by
the contractor to a bank, which then
became a third partner to the contract in
order to enable forfeiting and the waiver
of defence.

O
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Contracting

The contract was tendered in multiple
steps:

e an indicative analysis and concept,

* a detailed analysis and concept.
The final decision was based on the
maximum reduction of annual costs for
the city, consisting of the contracting fee
and energy costs of the street lighting

Additional element

The successful bidder guaranteed a
certain level of energy savings (minimum
52 %).

If the contractor achieves higher savings,
the additional savings are split between
the city of Dillenburg and the contractor.
The exact split was part of the successful
offer.
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Financing by a contractor through energy saving

—@ TAKING COOPERATION FORWARD 19



EPC-guaranteed savings model

Architecture (time-optimized)

annual
costs

actual
energy
costs

future energy costs after investment in
new infrastructure

v v
investment e.g. 10
date

Projects financed with this model

VEars

e Projects with high energy cost savings because
private partners do not favour long contacts. ¢
* Municipalities should have sufficient funds to
pay the same — or a slightly reduced - amount
of money in total over the contract length
e split between energy costs and
payments to the private partner.

O
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Advantages

e For the city
* New, energy efficient infrastructure,
without any peaks in public spending.
» After expiry of the contract, the city
benefits from the low operating costs.

Disadvantages

The model is difficult to use in CEE, where
energy prices are low.

A missing incentive for the private partner to
reduce energy demand more than guaranteed
in the contract.

20



EPC-shared savings model

Architecture
annual T
Cnsts
gudranleed
energy savings

actual split additional savings — city

ENEIYY | gplit additional savings — private pariner

costs

energy costs affer investment n
new infrastructure
I
investment years

Conditiofis

Projects with high energy cost savings because
private partners do not favour long contacts.
Municipalities should have sufficient funds to
pay the same — or a slightly reduced - amount
of money in total over the contract length
e split between energy costs and
payments to the private partner.

O
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Advantages

There is an incentive on both sides to consider
and realise additional energy savings.

This allows utilising additional financing
resources becoming available during the
running time of the contract, or realise new
ideas for savings, potentially arising from new
technological developments.

Disadvantages

The model is difficult to use in CEE, where
energy prices are low.



EPC-shared savings model: Neuen,
Germany

Challenge

45% HPM lamps / 55% HPS lamps

A complete replacement of HPM based
luminaires by more efficient technology
Energy savings of at least 40 %

A limitation of investment needs due to
budgetary constraints

Financing details

Additional energy savings, on top of the 43 %
being guaranteed, should be split 50% /50 %
between the city and the private partner.
Based on an electricity price per kWh fixed at
the beginning of the contract, any additional
energy savings were measured once a year.

O
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Contracting

The contract was tendered a 5-year contract
for the operation of the infrastructure
Several bids were received and evaluated
based on the total operating and investment
costs.

Additional element

As a result of this agreement, some additional
investments in energy efficient technology
were carried out in later years given higher
energy cost savings achieved, proving the
“win-win” character of the model.



EPC: modernisation with immediate
savings of energy costs

Architecture

annual
Caosts

actual
energy
costs

future energy costs after investment in
new infrastructure

¢ 7
investment eg. 10
date

Conditions

vears

[ ]
e The investment period is as short as possible,
in order to benefit from the energy savings as
soon as possible. .

O
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Advantages

The key advantage of this model is the
maximisation of energy savings.

As new technologies often require less
maintenance needs, corresponding costs are
lower too, which should be reflected in the
price offered by the private partner.

Disadvantages

TAKING COOPERATION FORWARD

High investment costs in the initial phase .
There will be a lot of modernisation activity in
the city at the same time that may result in
traffic congestion and public protests.

The early realisation of the investment means
that the entire infrastructure at the end of
measure lifetime is “old” again.

23
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Architecture Advantages
anual 7
costs
i 1o be dt .
Tt T e The city always has a reasonably modern
infrastructure
Ct | . . . .
eneray e The peaks in investment needs and building
costs activity are avoided.
osts aft . . . .
investments in new infrasiructure e Itis possible to focus on those projects with
the worst energy efficiency first.

v U v

investment  investment  investment  investment  year

Conditions Disadvantages

e The major disadvantage is that energy savings,
as well as the benefit of lower maintenance
costs, will be achieved at a later stage than in
the previous model.

e Theinvestment period is stretched over time.

O
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Challenge Contracting

 The contract was tendered for all operations,
including energy supply, and the
modernisation of more than 5,000 luminaires,
which is the vast majority of all existing
luminaires, as well as the modernisation of
some 2,400 poles.

* A key condition of this contract was a
definition of a maximum average age, as well
as a maximum age of any single luminaire and
pole at fixed times (after 5, 10, 15 and 20
years).

Financing details The winner

e The costs of electricity were split between the
private partner (direct costs) and the city
(indirect costs such as taxes, dues and grid
access costs).

O

e The task of the winner was to select the right
luminaires to be modernised at the right time,
while taking the age restrictions into account.
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Project finance
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Project finance

Architecture

Equity investor Egiu““‘}
purpose
vehicle
T
Debt

Street lighting services

Monthly payments
Financier /

Lending institution

Projects financed with this model

Projects with capital costs over EUR 20
million.
Financially sustainable projects i.e.

* Municipalities with good credit profile

e Supported by grants, tax exemptions,

tax-free bonds, or credits.

This model implies long term contracting of
private actors for operation and maintenance.

O
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Advantages

* Forcities:
e the model is off-balance sheet
e if private sector partners fail to deliver
the services, there could be deductions,
withholding of payments or penalties
e For both public and private sectors:
* jisolating the project risks within SPV.

Disadvantages

High transaction costs.

* Creating a consortium of several
municipalities could reduce these costs
but will bring in new ones related to the
consortium governance and structure.

The model might also imply long time frames
from project start to actual development.

TAKING COOPERATION FORWARD 27



Project finance: Bimingham, UK

Government

PFI Credits Infrastructure UK

5296 mn

Technical assistance

Retrofitted lighting
infrastructure

Birmingham

City Council

1/3 equity stake &
management for delivery of
contract requirements

Monthly unitary payments

25 year, $4.2 bn PFI
af which $117 mn for lighting

Amey Plc.

PFI - Private financing initiative
Source: ESMAP 2016

e Over the contract life time, the city pays to
Amey Plc. monthly unitary payments .

e For the first 5 years of the contract, an
independent certifier approves increases of
monthly unitary charges by ca 4%.

* The contract foresees cases for deductions in
payments by the city

Her Majesty’s Treasury:

O

Wileireyg -

CENTRAL EUROPE e

Prrocerier I8

Contracting

e The core investment - in the first 5 years.

 Therest-inthe following twenty years.

e All assets are operated and maintained over
the contract period of 25 years.

e Through the SPV, Amey Plc. is responsible for
purchase, installation, and maintenance.

e The city can audit the performance of Amey

Additional element

* Funding
* Grants from the UK government
e Credits from two investment fund as
well as other investors and debt
providers
» Key drivers of the project success are
e availability of national framework
e availability of technical assistance.

TAKING COOPERATION FORWARD 28
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Project bundling
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The province of Huelva in Andalusia comprises a large number of small
municipalities.

In the IEE-funded project MLEI Accelerate, the Province and the provincial
energy agency put together bundles of municipal investment projects
which will be tendered to ESCOs. Some bundles target buildings (although
the focus is not on deep renovation), and some target street lighting.

A similar project is taking place on street lighting in the Province of
Teramo (ltaly)

More information: accelerate project at
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Option 1: DIPH as a procurement body Option 2: Groups of municipalities as a
procurement body
Municipality 1 Procurement
body
Municipality 2 DIPH ESCO Municipality 1
Municipality 3 DIPH Municipality 2 ESCO
Option 3: a local consortium as a Option 4: groups of municipalities acting
procurement body individually as procurement body
icipali Procurement
Municipality 1 Mancommunity body
Municipality 2 local consortium ESCO Municipality 1
unicipality procurement icinall y
body DIPH Municipality 2 ESCO
Municipality 3 Municipality 3
DIPH

O
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Basic data for financial viability per municipality
Investments in energy efficiency

Annual energy consumption

Annual preventative and corrective maintenance costs (equipment and staff)
Common conditions for financial liability

IRR 6%

5% of energy savings for municipalities with annual fee

Retail Price Index 4%

12 year contract

No substitution of maintenance personal

Costs chargeable to ESCO

First year investments

Monitoring / telemanagement
Annual electricity costs

Annual maintenance costs

Data collection costs

Costs chargeable to municipality
Annual fee for energy management

Annual fee for maintenance

+
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On-bill financing

TAKING COOPERATION FORWARD | g3




mIltCIIrcy ﬂ
On_blll flnanCIng CENTRAL EUROPE iz

_TOGETHER _

On-bill financing - the homeowner continues to pay the same amount, while the investor
recovers the amount saved through the house maintenance company.

Using these money, energy suppliers are able to upgrade clean energy, where the house owner
pays for it by himself.

Such funds can be facilitated either by utility, the state or even third parties. Next to on-bill
loans, there are on-bill tariffs.

Example: The RenEsco’s business model uses EPC as a tool for renovating the buildings, in
combination with on-bill financing (i.e. the homeowner continues to pay the same amount,
while the ESCO recovers the amount saved through the House Maintenance Company).

The ESCO signs a 20 year EPC contract with the Home Owner Association (HOA)
The ESCO takes on a loan from a Financial Institution (FI)
The ESCO renovates the building to reach typically 45% — 65% savings,

The House Maintenance Company (HMC) bills the same amount as before the renovation
works, and pays the ESCO a percentage of those bills, based on the realized savings.

The HMC pays the lowered energy bill to the heat provider



On-bill financing
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e The most straightforward model is to pay from the own funds of municipalities.
— The revolving scheme help raise the funds to the budget.
e |f own resources are limited, the municipalities could obtain debt.

— The options are a low interest loan from a public lending program, a commercial loan
from a commercial bank, or it could issue municipal bonds.

e The alternative is to reallocate the burden of financing on third parties.

— In asimple contracting model, the contractor directly receives a contracting fee, which
covers the costs of planning, financing and execution of the retrofit, plus its margin.

— In a model with forfeiting and waiver of defence, but the bank enters into agreements
both with the contractor and with the city.

— In energy performance contracting models, the energy cost savings achieved via a
reduction of energy consumption are used to finance the retrofit.

* Typically, the contracted ESCO guarantees an energy saving level to be achieved.
* Additional savings could be shared between the municipality and the contractor.

* Each of the models has its advantages and disadvantages as well as constraints to do with
the economic, market, and legal conditions in which it could be applied.
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STRUCTURE OF THE PRESENTATION

Analysis of the results of
the EPIC model at
Treviso

The second part concerns a first analysis
of the results of the EPIC model applied at
the Province of Treviso, and some
considerations on how the experience
might be influenced by DSM

Energy Performance
Contracts

The first part of the presentation, reports
an overview on most frequently used EPC
models, and the subsequent evolution to
Energy Performance Integrated Contract

|deas for an
improvement of the
EPIC model

On the basis of a successful EPC model
and implementation process, in the third
part a suggestion for the improvement of
the EPIC model is presented




miterreg &
C LASS I C E PC MO D E L CENTRAL EU Rog
J* TOGETHER

Energy Efficiency measures adopted for energy reduction in public buildings at the
province of Treviso : the Energy Performance Integrated Contract

A

Amount paid to the contractor (as repayment of initial
investment)

Energy bill
before the
contract

Energy bill after the start of the contract and the implementation of the
technological interventions

Start of the t
contract/technological End of the contract

innovation -

-
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Energy Efficiency measures adopted for energy reduction in public buildings at the
province of Treviso : the Energy Performance Integrated Contract

A

Amount paid to the contractor (as repayment of the
initial investment)

Energy bill

before the

contract
Energy bill after the start of the contract and the implémentation of the
technological interventions

Start of the
contract/technological End of the contract

innovation -

-
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Energy Efficiency measures adopted for energy reduction in public buildings at the
province of Treviso : the Energy Performance Integrated Contract

A

€ 50% to the client

Savings from
technological
innovation

Total savinss paid to the contractor

Energy bill
before the
contract

Energy bill after the start of the contract and the implementation of the
technological interventions

Social innovation
Start of the ¢

contract/technological End of the contract
innovation -
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Energy Efficiency measures adopted for energy reduction in public buildings at the
province of Treviso : the Energy Performance Integrated Contract

A

50% for the client

Savings from

technological )
: : Total savings
innovation

to the contractor ® at the end of
the contract

I Savings from social
innovation

Energy bill

before the
contract

Energy bill after the start of the contract and the implementation of the
technological interventions

Social innovation
Start of the t

contract/technological End of the contract
innovation -

-
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CONSUMPTION DECREASED T

Total thermal energy consumption Ej (Kwh) before and

after the implementation of the EPIC
35.000.000,00

Start contract M consumo effettivo

30.000.000.00 29.329.149,3 7 86644293

W consumo destagionalizzato

27.-
25.000.000,00 -

19.976.198,98 19.671.631,27

18.047.863,23
18.8

20.000.000,00

15.000.000,00

10.000.000,00

5.000,000,00

0,00 -

Consumo Consumo Consumo Consumo Consumo Consumo Consumo Consumo
2008/2008 2008/2010 2010/2011 201172012 2012/2013 2013/2014 2014/2015 2015/2016

- \
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RIDUZIONE P DEI CONSUMI RIDUZIONE ANNUA DE| CONSUMI INTERVENTI TECNOLOGICI INTERVENTI SOCIALI (PUNTEGGIO GSC)
5 parmio/ P P parmio/ volume generatorea
Cod. Imp. Complesso Edificio-Impianto (Bene) 209/2010 01072011 1 10/2015 stagionale s;:ll;xll: stagionale | stagionale | stagionale rscalduto | EmETBR/M3 | O one - r::sv;:m R e smr:;n:l :xll :‘r:no altro
1ed 2ed 3ed
32 ML037 01 [ISISS "Scarpa” Motta di Livenza 633% 19,84% 11.63% 9.33% 2,70% 9879,88 38,21 condensazione _ termostatiche piping _ termoregolazione  FV. 15,39 86 63,99
33 TV116 01 _|PSC Besta 4,26% 19,30% 18 65% 11,18% 5.09% _080% 6,03% 2895969 16,46 condensazione  termostatiche imetano | piping termoregolazione 000 0
34 CN028 01| ITAS Cerletti Aule/Direz. "3,95% 18,02% 16,45% 5,61% 10,40% 15122,69 25,65 termostatiche piping  termoregolazione 54,42 B 7,42
58 CN763 01 |ITCS Fanno 0,00% 25,35% 125% v 0 o
35 TV041 01| TG Palladio 3,79% 26,77% 13,06% 12,45% 5111401 11,58 condensazione termostatiche piping termoregolazione  cogenerazione +FV. 66,39 86 so[ziE8
36 VV150_01|Liceo Sc. Flaminio Vittorio V.o 4,35% 12.47% 1021% | VA TR 1320117 14,88 7,89 789
TV043 171% 10,46% 20411,38 33,35 condensazione  termostatiche piping  termoregolazione 0,00 & 62,4 1248
VV039 ITIS Galilei Vittorio V.to ~0,04% 2,01% 1,76% 16338,01 217 15,39 15,39
TV096_01_|Liceo Canova - 7,67% 22,57% 25,04% 6,79% 1003% 2131361 846 0,00 o
CNO042_01 -3,14% 23,74% 4,91% 20562,06 46,17 rid flusso lum 000 0
CN130_01 3,43% 6,14% 27,83% 130% | 11,73% 4740,54 119,08 condensazione metano  piping  termoregolazione 2817 2817
6 Cv747_01 2916% 19,46% 579852 26,79 000 32 32
7 VV114 04 |IPSSAR Beltrame 3,98% 20,53% 26,07% 4,26% 13,55% 68692,93 533 solare termico + FV 9,00 24 314
VV127_01_|IPSIA Vitiorio V.to 1,79% 27,80% 18,50% 12,93% 2210478 1993 termoregolazione 15,39 6 72 87,59
VB049_01 |ISIS VERDI ( Ex-Liceo Valgimigli aule) “1,10% 8,09% 19,94% 7,75% 1,45% 1296056 29,30 condensazione  termostatiche piping  termoregolazione 53,58 6 334 14988
CNO048 03 _|Liceo "Marconi” 1,9% 11,39% 1,69% 5,00% 8022,42 1055 4512 45,12
0D029_01_|TG/TCS Sansovino 2,77% 2820% 5,80% 1113475 3804 condensazione  termostatiche imetano | piping  termoregolazione 9,00 9
MB030_01 | TG Einaudi 4,08% 19,93% 29,95% 3,64% 13,37% 5764,01 20,82 condensazione termoregolazione  FV. 15,39 334 879
TV137_02_|Liceo Classico Canova - Succ. ExLiceo 3,55% 6,97% 29,08% 10,62% -0,52% 297,73 9,13 condensazione metano termoregolazione 0,00 o
4 CV046 Liceo Clas/Sc_ Giorgione 0,26% 9,17% 8,26% 56790,90 3,34 condensazione termoregolazione 0,00 )
TV034 ITCS Riccati 0,00% 23,86% 2,8% 16,06% 9,29% 16679,72 313 0,00 o
7 0D106 LP.SAA. “Corazzin" 8,32% 1855% 28,68% 1,38% 12,38% 16925,90 665 54,42 54,42
TV047 Liceo Da Vinci e palestra 7,44% 28,80% 2,37% 13,08% 11,10% 622057 143,04 termoregolazione 12,00 12
MV045 Liceo Berto 7.27% 1557% 19,51% -3,00% 12,40% 16402,07 12,44 condensazione  termostatiche piping  termoregolazione 9,00 9
TV137 01 |Liceo Classico Canova 0,94% 26,28% 20,25% 9.87% 17,48% 10537,39 1800 0,00 o
TV032 02 |IIS Fermi + laboratori 4,00% 1333% 8,93% 11,19% 175% 26976,09 53,22 condensazione  termostatiche imetano | piping  termoregolazione  pompa geotermica 9,00 9
TV086 01 |IPSIA Giorgi 1089% 23,89% 6.11% 1927% 10507,46 4536 57,00 82 478 1868
CV119 01 |PSC Rosseli -5,75% 18,69% 4,79% 5368,89 63,03 termostatiche  metano | piping  termoregolazione 0,00 2 2
CNO048 01 |Liceo "Marconi" 0,61% 19,20% 25,76% 11,16% 8,50% 11377,70 55,38 4512 4512
VL005 04 |iS Planck 174% 171% 10,56% 2667% 150% 8.77% termoregolazione 15,39 15,39
VVO8! Liceo flaminio 1347% 2,91% 113% 3% “1545% 2,80% 178,08 338 7,89 7,89
0D120 01 |IS1S:S. "Obici" - sede coordinata -0,65% 21,08% 23,57% 13,08% 9,38% 25919,08 1,19 3339 3339
3 CV035 01 |ITiS Barsanti 187% 16,15% 10,96% 25,45% 1063% 4,39% 13646,74 63,66 termostatiche metano | piping  termoregolazione  FV 1,40 57 58,4020833
a1 PS040 IMGlLiceo C: 091% 11,14% 18,70% 29,57% 5,19% 5,41% 51331,76 10,08 29,55 2955
4 VV135 01 |ist. St d'Arte Vittorio V.to 8,75% 2,03% 185% 29,09% 28.94% 5.92% 10806,09 3075 termostatiche piping 000 o
5 CV087 01 |IPSIA Galilei 6,12% 13,41% 15,30% 17,72% 27,19% 4,80% 3,11% 26791,42 26,51 termostatiche 46,11 70 34,8 150,91
1 CVv031 ITCS Martini aule e Palestra 2,02% 14,24% 23,18% 27,13% 9,22% 3,58% 6316,06 68,81 termostatiche 9,00 236 326
7 CV091. ist. Alberghiero Maffiol 4.21% 17,96% 2997% 26,45% 2,78% 11,91% 38570,16 87 termostatiche solare termico 000 o
8 MB030 ITCS Einaudi 3.77% 14,20% 312% 2010% 25,74% 7,66% 10,03% 3358,14 9,70 condensazione  termostatiche piping  termoregolazione 15,39 334 879
] VL005 21 _|IPSSAR Alberini “2,20% 18,63% 11,13% 2431% 25,13% -2,05% 17012,49 2926 termostatiche solare termico 000 0
10 TV095 ist. Magistrale Duca degli Abruzzi 0.78% 271% 11,80% 2573% 24,50% 13.94% 11.83% 28697,57 1882 339 & a8 1467
8 CV104, PSA Sartor + Palestra + convitto 627% 15,72% 21.97% 19,62% 28,18% 571% 14,94% 771,80 65,99 termostatiche solare termico 4,64 8 ss52/ 182,84
1 TV044 Liceo Artistico 1,69% 4,16% 7,55% 15,86% 21,06% “1,30% 380% 3002571 1008 termostatiche piping  termoregolazione 000 0
1 MB121 .P.SIA. "Scarpa” aule “a,17% 8,96% 5,89% 17,28% 19,67% 14,57% ~2,30% 12134,48 1960 9,00 9
13 MB0B3 02 |IP SIA. succ.+ Ist Mag "Veronese” 239% 12.10% 136% 12,81% 12,21% 586% 4,38% 1123128 2,15 0,00 0
59 CN038 03 1,82% -7,92% -17,59% 1 condensazione  termostatiche piping  termoregolazione 0,00 o
60 MB083 01 | Ist. Mag. "Veronese" 3,55% 2,52% 116% 374% 6,47% 07% | -139% 1179082 1086 000 0
TOTALE 3% | 8,92% 1631% 2078% 1010% | 812%

% di riduzione/aumento consumi

atve - 0 [N
wa 20 200« [N

tra-10% e 0

tra0e 10%

tra 10% e 20%

tra 20% e 30%
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Energy Efficiency measures adopted for energy reduction in public buildings at the
province of Treviso : the Energy Performance Integrated Contract

A

£ Savings for the contractor (minimum goal 5%)

Total savings
= at the end of
the contract

4

Energy bill

before the
contract =

9 O e O C D O O
0l0g O
Social innovation :
Start of the t
contract/technological End of the contract
innovation -

- \
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SUPPLIED ENERGY / PAID ENERGY

AE

0,90 E,

Pmmmm

NEP; = D;x100

Yr(Eordjr — Eji)
D} =
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Cij=pu-(0,05E0 + Ej — 1,2(Ej- 0,95E0))) + Crigpc
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TECHNOLOGICAL EPC
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“.._ 5 (minimum savings)
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energy

(maximum
consumption)

forino is getting ther:

miterreg @

uropean Lnion

CENTRAL EUROPE

° CCEILERRY

11,5

38
energy

(proposed
performance)

38

ener
26,5 o

energy

50 50 50
technological technological technological
95 investments investments invest,ments
minimum '
technological
investment
1
0 0 e O
tender budget successful tender overperformance underperformance
(30%) (30%)
-
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TECHNOLOGICAL - BEHAVIOURAL EPC

(EPIC)

€]

100

80

60

40

20

-20

pre-tender situation

.. 5 (minimum savings)

55
energia
(maximum
consumption)

3 social

36
energy

(proposed
performance)

b social
investment

22,2
energy

5 social investment
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36
energy

b social
investment

45
technological
invest,ments

45 45

32 technological technological

i investments

minimum investments
technological
investment
tender budget successful tender overperformance
(39%)

0,8
0 0 e O
underperformance
(30%)

-
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Criteria
Energy savings

ESCO UNI - CEI 11352 certification
Quality of O&M plan

Further CO2 emission reduction (thanks to increased renewables)

Clarity and completeness

Investments amount

Overall monetary savings amount

economic

.‘1
“v L.
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40

economic
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Overall monetary savings amount
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THANK YOU FOR YOUR ATTENTION  ‘hierres M

{_TOGETHER _J

Antonio Zonta

@ Province of Treviso - Buildings, Estates and
Public Procurement Department
TOGETHER

www.interreg-central.eu/TOGETHER

K @

info@together.com

facebook.com/Together
linkedin.com/in/together

twitter.com/together

5 € -

|
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Planning an Energy Efficiency Program in Public Buildings of Albania

30 June 2016

Country data:

Gjergji Simaku / Ministry of Energy and Industry - Albania
Rodon Miraj / Albania

gjergji.simaku@gmail.com, gjergji.simaku@energjia.gov.al
rodon_miraj@hotmail.com

Building performance assessment:

Mikloés Horvath, Zsuzsa Szalay, Tamas Csoknyai / BME - Hungary
mix065@gmail.com

drzsuzsaszalay@gmail.com

csoknyaitamas@gmail.com

Country-wise analysis:
Aleksandra Novikova / IKEM - Germany
alexandra.novikova@gmail.com, aleksandra.novikova@ikem.de
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Thermal efficiency retrofit of public buildings in Albania

Contents

Assumptions

Country-wise analysis, improvement 1
Country-wise analysis, improvement 2

Analysis for municipalities in climate zone A
Analysis for municipalities in climate zone B
Analysis for municipalities in climate zone C

Analysis per m2, improvement 1, climate zone A
Analysis per m2, improvement 1, climate zone B
Analysis per m2, improvement 1, climate zone C
Analysis per m2, improvement 2, climate zone A
Analysis per m2, improvement 2, climate zone B
Analysis per m2, improvement 2, climate zone C
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financial analysis.

Thermal efficiency retrofit of public buildings in Albania, assumptions

The calculations present costs and benefits of thermal efficiency improvement in the public buildings of Albania. The financial analysys of costs and benefits (simple payback
period, NPV, IRR, and cost-benefit-ratio) is limited to the analysis of capital investments, maintenance costs, and saved energy costs . There are other numerious benefits of
thermal efficiency improvement of public buildings. Some of them are monetized in the spreadsheets to give a feeling of their magnitude. They are however not included into the

Assumptions

Energy source specific

Energy source price

CO2 emission factor

Primary-to-final energy factor

2016 [EUR/KWh] 2045 [EUR/kWthnnual growth [%] [gCO2/kwh] [kWh/kWh]
Electricity 0,104 0,160 1,5% 0 1,0
Wood 0,024 0,037 1,5% 0 0,2
LPG 0,061 0,247 4,9% 227 11
Diesel oil 0,117 0,473 4,9% 267 1,2
Solar 0,000 0,000 N/A 0 0,0
Financial analysis
Measure lifetime [years] 30
Discount rate [%] 4%
Annuity factor [%] 6%
Maintenance costs [EUR/M2-yr.] 0,5
Co-benefits of thermal efficiency retrofits per unit of direct investment from the state point of view
GDP increase [EUR/EUR] 0,65
direct [EUR/EUR] 0,30
multiplier effects [EUR/EUR] 0,35
Labour income [EUR/EUR] 0,30
direct [EUR/EUR] 0,17
multiplier effects [EUR/EUR] 0,13
Annual employment [iobs/million EUR] 148
Employment [iobs/million EUR] 85
multiplier effects [iobs/million EUR] 63
Monetized CO2 emissions avoided EUR/tCO2 5
Air quality including health impacts EUR/MWh 1,38
Improved comfort and services of buildings refle [% value] 2% *Assumed estate value is EUR 300 per m2
Conversion units
GWh /1 ktoe 11,63
Extra: in case if a credit line will be established
Capital structure
Share of equity [%] 0%
Share of debt [%] 100%
Cost of capital
Equity [%] 14%
Public loan [%] 0%
Commercial loan [%] 8%
Debt payment period [years] 10
Program budget
Program budget million EUR 46,0
Other costs million EUR 6,0
Budget excluding other costs million EUR 40,0
Other costs as a share of the program budget [%] 15%
Period of implementation [years] 4,0
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Thermal efficiency retrofit of public buildings in Albania, country-wide analysis

Improvement 1
Ciimate zone as.C

NPV, IR, There are other benefits of thermal
lffciency improvement o public buikings. Some of nagr the financial
Janaiyss.

Assumptions
&z e
COZemssionacior  Prmarylo el nergy acor
R zmmmmuwgw i Tacoziwn] TR

cicticy o
\Wood e e i 0 02
=3 0001 02e7 s 2 11
Disse ol our o s 257 12
Solar 0000 o0 N o 00
Pl analyss
Weasise fetime Treare £
Discount rate: (%) 4%
vty factor %) I
Maintenance costs. [EURIm2-yr.] 05
oSl ol e et e o Ot st o e Sl ot o Vi
I:ew e [EURIEUR]

dre [EUREELR] a5

plrefects [EURELR] 03

[EUR/EUR] 0,30

arect [EUREEUR] oxr

muple sfecs [EURIEUR) o1
st empiymere obsimiion EUR] 1

mployment [jobs/milion EUR] 85

e effects obsimiion EUR] &
Monetzed CO emisions avoided EURICOZ s

|Ai qualty inclcing healt

acts 138
improved comfort and services of budings reflc (5 vale] 296 *Assumed estate value s EUR 300 perm2

[Conversion units
[GWh/ Tkaoe &

Exirarin case f a credt ine wil be establshed
[Capita structure
‘Share of equity

w6l %
(] 100%
[cost of capital
Equ 6] 1%
Pubic oan 6l 0%
Commercilloan 6] %
payment period years] 10
rogram budget
[rogam busget ilion EUR @
milion EUR 5
Butat emmm other costs millon EUR a0
|Other costs as a share of te program buget 15%
Pencd o mpemertaton years) a

g stock

miory | _Hospial | [School [ Universiy |

Secior Faaion - oFer ocaion
ca

!
E%
H
H
ENE
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2
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cimate zone A [eistock] I o 0% I 0% o
cimate zone B [eistock) % o % % % 0% 0%
cimate zone C [eistock] % 100% 100% 0% % 0% a99%|

Floor area {thousand mz] - 126 419 - - - 565
clmate zone A {thousand mz] - - - - - - -

it 0re 8 [thousand m2] - . 5
cimate ftousand m) 565
vesiment end maintenance costs. Total
investment cost, per m: [EURmM2]
cimate zone A [EURmM2] H oW
cimate zone B [EURIm2] H 8 7 a I 4 i
cimate zone C [EURM2] n 80 n i 8 &2 7

Maintenance cost, per m2 [EURIm2 1] [ 05 05 05 05 05 05|

[Costs of eneray conserved (EURKWH) oV 003 007 D0l oV Dol 0,05
cimate zone A [EURKWH] 007 014 022 022 028 098 oW
cimate zone B [EURMWH] 005 011 017 016 021 052 oWV
clmate zone C [EURNKWH] 002 003 007 006 oa1 010 oo

investment cost, total [millon EUR] - 1 £ - - - 40
cimate zone. milion EUR] B B B
cimate zone B [millon EUR] - - - - - - -
cimate zone C milion EUR] - 101 207 - - . W

[Energy/COZ savings: improvement vs BAU | Units | Dormitory | Hospital | Kindergarten | _Office | School | University | Total
Permz.

|Total CO2 [gco2im2) #DIV/O! 30515 2558 #DIVIO! #DIV/O #DIVIO! 9.017
climate zone A [gc02im2] 3462 7.456. 1827 2090 881 1171 #DIV/O)
climate zone B [gCO2/m2] 4655 9.133 2248 2734 964 1.995 #DIVIO)|
climate zone C lgco2im2] 16.904 30515 2558 5348 1902 7502 9.017

oty ey powninz) ol 10 o ove sove v 5
Cimate 2ome A fowninz] & P 2 o 7 s ol
:hmale lom B [kwhim2] 83 54 31 28 22 11 HOIVIO)

kwhim2] 115 140 30 44 27 36 6]

rota it eneray nmz) o 157 ©  ove v oo o
climate zone A [kwhim2] 59 36 21 24 17 5 HOIVIOI
Gimate zone e 5 i F B 4 0 kvl
climate zone C [kwhim2] 189 157 66 84 48 55 &7

forhe whoe stock rerofited

I (tco2) - 3841 2 - - - 4913

climate zone A (tco2] - - - - - -

imace zone & ficozl : : : : : : :
Gimate sone ¢ ficoa : e 102 : : : s
Irota primary eneray own) 00 M 5 0 o 00 P
Cimate 2ome A own] 00 o o 0 o 0 o
climate zone B [Gwh| 0,00 0 o 0 o 0,00 of
Gimate sone ¢ ownl 0% P 5 o ° o B

oty ey aoe) 000 152 110 om0 000 om0 261

climate [kaoe] 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Cimat e 8 a 000 00 00 00 00 00 o
climate zone C [kaoe] 0,00 152 110 0,00 0,00 0.00 2,61
|Total final energy [Gwh] 00 20 28 o o 00 48|
Cimate ome own] 00 o o o o a0 o
climate zone B [Gwh| 00 0 o 0 o 00 of
Gimate zone ownl oo = = o ° a0 P

rota it eneray aoe) 000 170 259 0o 000 0o 209
climate zone A [koe] 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Gimate sone 8 ace] 00 00 00 00 o 00 009
climate zone C [koe] 0,00 170 239 0.00 0,00 0.00 4,09

[ Dormiory | Hospial [ Kindergarten | Offce | School | Universiy | ot
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Thermal efficiency retrofit of public buildings in Albania, country-wide analysis
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Thermal efficiency retrofit of public buildings in Albania, country-wide analysis
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Improvement

1&2

Thermal efficiency retrofit of public buildings in Albania, analysis for municipalities by climate zone

Climate zone A

The calculations present costs and benefits of thermal efficiency improvement in the public buildings of Albania. The financial analysys of costs and benefits (simple payback period,
NPV, IRR, and cost-benefit-ratio) is limited to the analysis of capital investments, maintenance costs, and saved energy costs . There are other numerious benefits of thermal
efficiency improvement of public buildings. Some of them are monetized in the spreadsheets to give a feeling of their magnitude. They are however not included into the financial

al

analysis.

Energy source specific

Energy source price COZ emission factor Primary-o-final energy factor
2016 [EUR/KWh] 2030 [EUR/KWI annual growth (%] TgCO2/kwh] Twh/kwh]

Electricity 0104 0160 1% o X
Wood 0024 0037 1% 4 02
LPG 0061 0247 5% 227 11
Diesel oi 0117 0473 5% 267 12
Solar 0,000 0,000 NIA 4 00
Financial analysis
Measure fetime Tyears] 30
Discount rate )] 4%
Annuiy factor (6] 6%
Maintenance costs [EURIM2-yr] 05
[Co-benefits of thermal efficiency retrofits per unit of direct investment from the state point of view
(GDP increase [EUR/EUR] 65

direct [EUR/EUR] 030

multplier effects [EUR/EUR] 035
Labour income [EUR/EUR] 030

rect [EUR/EUR] 017

multiplier effects [EUR/EUR] 013
/Annual employment [jobs/milion EUR] 148

Employment [jobs/milion EUR] 85

multplier effects [jobs/milion EUR] 63
Monetized CO2 emissions avoided EURICO2 5
Air quality including health impacts EURIMWh 1,38
improved comfort and services of buildings reflec (% value] 29 *Assumed estate value is EUR 300 perm2
Conversion units
Iﬁn /1 ktoe 1163
[Program budget
Program budget million EUR X
Other costs million EUR X
Budget excluding other costs million EUR X
(Other costs as a share of the program budget %] #VALORE!
Period of implementation [vears] X

Building stock
| Units [ Dormitory | Hospital [ office | school | University |  Total

Sector Education _ Public health  Education  Other Education _ Education
Retrofit need [thousand m2] 53 424 1.482 8 1.443 6 3.809

Program results: improvement 1

lgmck retrofitted by the program | Units [_Dormitory Hospital _| Kindergarten Office. School University Total
[Share of the need [O/stock] 100% 100% 100% 100% 100% 100% 100%)
Floor area [thousand m2] 5. 424 1.482 448 1.443 6.4 3.809
| Units [ Dormitory | Hospital | [ office | school | University |  Total
Investment cost, per m2 [EURIm2] 3 80 76 5 77 77
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05 05 05
Costs of energy conserved [EURIKWH] 007 014 022 022 028 098 023
Investment cost, total [million EUR] 03 340 1122 364 1083 05 202
E 02 savings. vs BAU) | Units | Dormitory | Hospital | [ __office | sSchool | University | _ Total
per m2
Total CO2 [gco2/m2] 3.462 7.456 1.827 2.090 881 1171 2128
Total primary energy [kWhim2] 63 43 24 21 17 6 23
Total final energy [kwhim2] 59 36 21 24 17 5 22|
for the whole stock retrofitted
Total CO2 [rcoz] 2.708 937 1271 8 8.104
Total primary energy [Gwh] 033 18 35 9 25 004 88
Total final energy [owh] 03 15 32 1 25 00 83
Total final energy [ktoe] 00 13 27 09 22 00 71
[saved energy costs
[Saved energy costs vs BAU) | Units [ Dormitory | Hospital | [ office | school | University | Total |Changing energy prices
[Dormitory|Hospital_|Ki
Total over measure lifetime (NPV) [EURIM2] 165,80 1298 561 602 420 188 595,
Annual over measure lfetime [EURIM2] 959 750 324 348 243 1,09 34
for the whole stock retrofitted
Total over measure lifetime (NPV) [million EUR] 087 5,06 83,15 26,97 60,64 012 227
[Annual over measure lifetime [million EUR] 0,05 318 481 1,56 351 001 13
Financial analysis | Units [ Dormitory | Hospital | [ office | school | University |  Total
[Simple payback [years] 7 11 23 23 na na 22
Internal rate of return 1% 12.9% 7.5% 2,0% 2,0% 03% #NUME 2,3%
[EURIM2] ! 203 27,9 9,0 45,9 04 62,4
Cost - benefit ratio 04 06 13 13 18 41 13
[Analysis of co-benefits | Units [ Dormitory | Hospital | [ office | school | University |  Total
perm2
GDP increase [EURIM2] 409 519 491 527 487 503 204
Labour income: [EURIM2] 18,7 238 225 242 224 231 135,
(jobs/m2] 001 001 001 001 001 001 o
Monetized CO2 emissions avoided [EURIM2] 000 002 001 000 001 000 0
Air quality including health impacts [EURIM2] 000 002 004 001 003 000 0
improved comfort and services of buildings [EURIM2] 60 60 60 60 60 60 35
for the whole stock retrofitted
(GDP increase [million EUR] 0, \ 728 236 703 03 189)
Labour income [million EUR] 010 101 334 108 23 015 87,
Employment jobs 49 5.010 16.555 5.367 15.984 73 43.038
Monetized CO2 emissions avoided [million EUR] 0,000 0,007 0020 0002 0,009 0,000 [d
Air quality including health impacts [million EUR] 0,000 0,009 0064 0,007 0,050 0,000 4
improved comfort and services of buildings [million EUR] 003 25 89 27 87 004 23

| pital_|Kind [Offi [School _[University
2

0, 0.1 0. 0, 03] 1,

59, 363 21, 23, 174 5.

GWh] 0, 154 31, 10,1 25,1 0,




Cost of energy conserved: Improvement 1 Supply curve of energy conserved: Improvement 1
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L2 2 007 592 007 03
H £
Bl S H 2 0,14 59,2 Hospital 2 0,14 0,3 Hospital
22 University % z University 014 014
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Final energy savings, kWhim2 Final energy savings, GWh 5 028 1404 School 5 028 57,8 School
028 028 830
6 098  157,8 University 6 098 830 University
098 1629 098 830
Program results: improvement 2
lgmck retrofitted by the program I [_Dormitory Hospital _| Kindergarten Office. School University Total
h [oistoct 100% 100% 100% 100% 629%)
Floor area [thousand m2] 53 424.3 14821 448.2 2.360
| Units [ Dormitory | Hospital | | fice | School | University |  Total
Investment cost, per m2 [EURIm2] B 108 105 109 106)
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05
Costs of energy conserved [EURIKWH] 008 012 023 026 021
Investment cost, total [million EUR] 05 457 156.0 487 251
[Energy/CO2 savings vs BAU) | Units [ Dormitory | Hospital | [ office | school | University |  Total
perm2
Total CO2 [gco2im2] 3.759 8.867 2.219 2,075 3391
Total primary energy [kwhim2] 79 61 32 24 36
Total final energy [kWhim2] 67 52 28 26 22|
for the whole stock retrofitted
Total CO2 [tcoz] 3762 3.289 930 8.001
Total primary energy [wh] 041 26 a7 1 84)
Total final energy [Gwh] 04 22 42 1 76) [Saved energy coss
Total final energy [ktoe] 00 19 36 1.0 65 Changing energy prices
[Dormitory[Hospital |KindergarOffice |School _|University [total
Saved energy costs vs BAU) | Units [ Dormitory | Hospital | Ki [_office | School | University | _ Total 0] 0.0} 0.0] -250,
per m2
Over measure lifetime, total (NPV) [EURIM2] 1990 1759 754 654, 918
Annual, average [EURIM2] 115 102 44 38 53
for the whole stock retrofitted
Over measure lifetime, total (NPV) [million EUR] 1,05 111,69 2033 217
Annual, total [million EUR] 0,06 432 6.46 170 13
Financial analysis | Units [ Dormitory | Hospital | [ office | school | University |  Total
[Simple payback [vears] 8 11 24 29 20
Internal rate of return (] 11,3% 7.7% 1.8% 08% 3,0%
NPV [EURIM2] 06 278 42,6 18,6 328
Cost - benefit ratio 04 06 14 17 12
|Analysis of co-benefits | Units [ Dormitory | Hospital | [ office | school | University |  Total
perm2
GDP increase [EURIM2] 56,7 698 683 705 265
Labour income [EURIM2] 260 320 313 324 122,
Employment (iobs/m2] 001 002 002 002 01
Monetized CO2 emissions avoided [EURIM2] 000 002 002 0,00 o
Air quality including health impacts [EURIM2] 000 003 006 002 0
improved comfort and services of buildings [EURIM2] 60 60 60 60 24
for the whole stock retrofitted
(GDP increase [million EUR] ; 29, 101,2 316 163,
Labour income [million EUR] 014 136 464 145 75
Employment 68 6738 23017 7186 37008
Monetized CO2 emissions avoided [million EUR] 0,000 0,008 0024 0002 0,03
Air quality including health impacts [million EUR] 0,000 0013 0,086 0,007 011
improved comfort and services of buildings [million EUR] 003 25 89 27 14
Offi
0,
25,
11,
Cost of energy conserved: Improvement 2 Supply curve of energy conserved: Improvement 2
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y x y x
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Thermal efficiency retrofit of public buildings in Albania, analysis for municipalities by climate zone

Improvement 1&2
Climate zone B

The calculations present costs and benefits of thermal efficiency improvement in the public buildings of Albania. The financial analysys of costs and benefts (simple payback period,
NPV, IRR, and cost-benefit-ratio) is limited to the analysis of capital investments, maintenance costs, and saved energy costs . There are other numerious benefits of therm:
efficiency improvement of public buildings. Some of them are monetized in the spreadsheets to give a feeling of their magnitude. They are however not included into the financial
analysis.

[Energy source specific

nergy source price COZ emission factor Primary-o-final energy factor
2016 [EUR/KWh] 2030 [EUR/KWI annual growth (%] TgCO2/kwh] Twh/kwh]

Electicity 0104 0160 1% [ 10
Wood 0024 0037 1% 4 02
LPG 0061 0247 5% 227 11
Diesel oi 0117 0473 5% 267 12
Solar 0,000 0,000 NIA 4 00
Financial analysis
Measure fetime Tyears] 30
Discount rate )] 4%
Annuiy factor (6] 6%
Maintenance costs [EURIM2-yr] 05
[Co-benefits of thermal efficiency retrofits per unit of direct investment from the state point of view
(GDP increase [EUR/EUR] 065

direct [EUR/EUR] 030

multplier effects [EUR/EUR] 035
Labour income [EUR/EUR] 030

direct [EUR/EUR] 017

multplier effects [EUR/EUR] 013
/Annual employment [jobs/milion EUR] 148

Employment [jobs/milion EUR] 8

multplier effects [jobs/milion EUR] 63
Monetized CO2 emissions avoided EURICO2 5
Air quality including health impacts EURIMWh 1,38
improved comfort and services of buildings reflec (% value] 29 *Assumed estate value is EUR 300 perm2
Conversion units
Iﬁn /1 ktoe 1163
[Program budget
Program budget million EUR X
Other costs million EUR X
Budget excluding other costs million EUR X
(Other costs as a share of the program budget %] #VALORE!
Period of implementation [vears] X

Building stock
| Units [ Dormitory | Hospital | [ office | school | University |  Total

Sector Education _ Publichealth  Education  Other Education _ Education
Retrofit need [thousand m2] 22 2085 6295 2047 6128 27 1.700

Program results

1
Units [ _Dormitory Hospital _| Kindergarten Office. School University Total
K] 100% 100% 100% 100% 100% 100% 100%)

lgmck retrofitted by the program
S| ed

stoc}
Floor area [thousand m2] 22 208 629 245 613 2.7 1.700
| Units [ Dormitory | Hospital | [ office | school | University |  Total
Investment cost, per m2 [EURIM2] 63 80 76 81 75 77 77
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05
Costs of energy conserved [EURIKWH] 005 011 017 017,
Investment cost, total [million EUR] X 167 417 131
/ICO2 savings vs BAU) | Units [ Dormitory | Hospital | Total
perm2
Total CO2 [gco2/m2] 4655 9.133 2.248 2734 964 1.995 2702
Total primary energy [kWhim2] 83 54 a1 28 22 1 30)
Total final energy [kwhim2] 79 a7 28 32 23 10 29)
for the whole stock retrofitted
Total CO2 [rcoz] 10 1.904 1415 669 501 5 4595
Total primary energy [Gwh] 019 1 19 7 13 003 51
Total final energy [owh] 02 10 17 8 14 00 49)
Total final energy [ktoe] 00 08 15 07 12 00 42
[saved energy costs
[Saved energy costs vs BAU) | Units [ Dormitory | Hospital | [ office | school | University | Total |Changing energy prices
permz
Total over measure lifetime (NPV) [EURIM2] 21811 1635 718 801 529 339 776/
Annual over measure lifetime [EURIM2] \ \ 415 463 306 1,96 45 51|
for the whole stock retrofitted 5.4
Total over measure lifetime (NPV) [million EUR] 049 34,09 45,18 19,59 3243 0,09 132 .5
[Annual over measure lifetime [million EUR] 0,03 197 2,61 113 188 001 8 .7
Financial analysis | Units [ Dormitory | Hospital | [ office | school | University |  Total X
[Simple payback [years] 5 8 18 18 na T ¥
Internal ate of return (] 16.7% 9.6% 3,6% 3.9% 1.6% -0,8% 41% .
NPV [EURIM2] 03 16,7 24 03 131 0.1 12 X
Cost - benefit ratio 03 05 11 10 14 23 10 5.8
|Analysis of co-benefits | Units [ Dormitory | Hospital | [ office | school | University |  Total
permz
GDP increase [EURIM2] 409 519 491 52,7 487 503 204
Labour income: [EURIM2] 18,7 238 225 242 224 231 135,
(iobs/m2] 001 001 001 001 001 001 o
Monetized CO2 emissions avoided [EURIM2] 000 001 001 000 000 000 0
Air quality including health impacts [EURIM2] 000 001 002 001 002 000 0
improved comfort and services of buildings [EURIM2] 60 60 .0 60 60 60 36
for the whole stock retrofitted
(GDP increase [million EUR] 01 108 309 129 299 01 85
Labour income 004 50 142 59 137 006 39)
Employment jobs 21 2.462 7.031 2.930 6.789 31 19.264
Monetized CO2 emissions avoided [million EUR] 0,000 0002 0,004 0,001 0002 0,000 0,01
Air quality including health impacts [million EUR] 0,000 0,003 0015 0,003 0012 0,000 0,03
improved comfort and services of buildings [million EUR] 001 13 38 15 37 002 10
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[_Dormitory Hospital _| Kindergarten Office.
100% 100% 100% 100%

Cost of energy conserved: Improvement 1

1

EURIKWh KWhim2

y x
005 0,0 Dormitory
005 785
011 785 Hospital
011 1253
016 1253 Office
016 1568
017 1568 Kindergarten
017 1844
021 184,4 School
021 2074
052 207,4 University
052 2170

Supply curve of energy conserved: Improvement 1
EURKWh

¥
1

0,05
0,05

011
0,11

0,16
016

017
017

0,21
021

052
052

Gwh
x
0,0 Dormitory

02
0,2 Hospital
99
99 Office
176
17,6 Kindergarten
35,0
35,0 School
491

49,1 University

9,2

Iimck retrofitted by the program Units [ _School | University | _ Total
Share of the need [o/stock] 64%)
Floor area [thousand m2] 2.2 2085 6295 2047 1.085
Units [ Dormitory | Hospital | fice | School | University |  Total
Investment cost, per m2 [EURIm2] B 108 105 109 106)
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05
Costs of energy conserved [EURIKWH] 006 010 018 021 017,
Investment cost, total [million EUR] 02 224 663 266 115
[Energy/CO2 savings vs BAU) | Units [ Dormitory | Hospital | [ office | school | University |  Total
er m2
Total CO2 [gco2im2] 5.012 10886 2.719 2734 4296
Total primary energy [kwhim2] 100 75 39 28 44
Total final energy [kWhim2] ES 22 40
for the whole stock retrofitted
Total CO2 [tcoz] 70 711 669 4661
Total primary energy [owh) 022 16 25 7 48|
Total final energy [Gwh] 02 13 22 8 44 [Saved energy coss
Total final energy [ktoe] 00 12 19 07 37 Changing energy prices
[Year Dormitory[Hospital |Ki [School_[University Jtotal
[Saved energy costs vs BAU) | Units | Dormitory | Hospital | [ _office | school | University | _ Total 0] 02| -224 11!
24
Total over measure lifetime (NPV) [EURIM2] 253,0 2165 932 80.1 1142
[Annual over measure lifetime [EURIM2] 146 125 46 66
for the whole stock retrofitted
Total over measure lifetime (NPV) [million EUR] 56 .1 58,65 19,59 124
Annual over measure lifetime [million EUR] 003 2,61 339 113 7
Financial analysis | Units [ Dormitory | Hospital | [ office | school | University |  Total
[Simple payback [years] 6 9 20 23 1
Internal rate of return 96] 14,3% 9.5% 32% 2,0% 45%
NPV [EURIM2] 04 218 73 6.7 81
Cost - benefit ratio 03 05 11 14 09
[Analysis of co-benefits | Units [ Dormitory | Hospital | [ office | school | University |  Total
GDP increase [EURIM2] 56,7 698 683 705! 265
Labour income: [EURIM2] 260 320 313 324 122,
Employment (jobs/mz2] 001 002 002 002 01
Monetized CO2 emissions avoided [EURIM2] 000 001 001 0,00 0
Air quality including health impacts [EURIM2] 000 002 003 001 0
improved comfort and services of buildings [EURIM2] 0 X 60 60 24
for the whole stock retrofitted
(GDP increase [million EUR] 0, X 430 173 75)
Labour income [million EUR] 006 67 197 79 34
Employment 29 3311 9776 3923 17039)
Monetized CO2 emissions avoided [million EUR] 0,000 0002 0,005 0,001 001/
Air quality including health impacts [million EUR] 0,000 0,004 0019 0,003 0,03
Improved comfort and services of buildings [million EUR] 001 13 38 1 7
7
02
315]
7.7
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Thermal efficiency retrofit of public buildings in Albania, analysis for municipalities by climate zone

Improvement 1&2
Climate zone c

The calculations present costs and benefits of thermal efficiency improvement in the public buildings of Albania. The financial analysys of costs and benefts (simple payback period,
INPV, IRR, and cost-benefi-ratio) s limited to the analysis of capital investments, maintenance costs, and saved energy costs . There are other numerious benefits of thermal
efficiency improvement of public buildings. Some of them are monetized in the spreadsheets to give a feeling of their magnitude. They are however not included into the financial
analysis.

Energy source specific

Energy source price COZ emission factor Primary-o-final energy factor
2016 [EUR/KWh] 2030 [EUR/KWI annual growth (%] TgCO2/kwh] Twh/kwh]

Electricity 0104 0160 1% [ 0
Wood 0024 0037 1% 4 02
LPG 0061 0247 5% 227 11
Diesel oi 0117 0473 5% 267 12
Solar 0,000 0,000 NIA 4 00
Financial analysis
Measure fetime Tyears] 30
Discount rate )] 4%
Annuiy factor (6] 6%
Maintenance costs [EURIM2-yr] 05
[Co-benefits of thermal efficiency retrofits per unit of direct investment from the state point of view
(GDP increase [EUR/EUR] 065

direct [EUR/EUR] 030

multplier effects [EUR/EUR] 035
Labour income [EUR/EUR] 030

direct [EUR/EUR] 017

multplier effects [EUR/EUR] 013
/Annual employment [jobs/milion EUR] 148

Employment [jobs/milion EUR] 85

multplier effects [jobs/milion EUR] 63
Monetized CO2 emissions avoided EURICO2 5
Air quality including health impacts EURIMWh 1,38
improved comfort and services of buildings reflec (% value] 29 *Assumed estate value is EUR 300 perm2

Conversion units

GWh /1 kioe 11,63

Program budget

[Program budget ‘million EUR X
Other costs million EUR XX

Budget excluding other costs million EUR X

Other costs as a share of the program budget %] #VALORE!

Period of implementation [years] X

Building stock
I Units | Dormitory | Hospital _| Ki [ _office | school | University | _ Total

| Sector Education Public health  Education Other Education Education

Retrofit need [thousand m2] 15 1259 419.0 163.1 407.9 18 1.119

Program results: improvement 1

|§mck retrofitted by the program | Units [ Dormitory Hospital | Kindergarten Office School University Total
h e need [o6/stock] 100% 100% 100% 100% 100% 100% 100%)
Floor area [thousand m2] 15 126 419 163 108 18 1119
I nits. | Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total
Investment cost, per m2 [EURIM2] 71 80 71 73 81 82
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05 05 05
Costs of energy conserved [EURIKWH] 002 003 007 006 011 010 0,07,
investment cost, total [million EUR] o. X 207 119 331 .1 85
[Energy/CO2 savings vs BAU) | Units [ Dormitory | Hospital | [ office | school | University |  Total
m2
Total CO2 [gco2im2] 16.904 30515 2.558 5.348 1.902 7.502 5.897
Total primary energy [kwhim2] 115 140 30 4 27 36 44
Total final energy [kWhim2] 189 157 66 84 48 55 72|
for the whole stock retrofitted
Total CO2 [tcoz] 25 3.841 1072 872 776 1 6.600
Total primary energy [owh] 017 18 13 7 1 007 49)
Total final energy [Gwh] 03 20 28 14 20 01 81
Total final energy [ktoe] 00 17 24 12 17 00 7.0
Igaven energy costs.
Saved energy costs vs BAU) | Units | Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total [Changing energy prices.
per m2 [University [total
Total over measure lifetime (NPV) [EURIM2] 366,69 461,7 823 1332 700 1130 1283 1
(Annual over measure lifetime [EURIM2] 2121 26,70 476 7,70 405 654 74
for the whole stock retrofitted
Total over measure lifetime (NPV) [million EUR] 054 58,12 34,46 21,73 28,57 020 144
Annual over measure lifetime [million EUR] 003 336 1,99 1.26 1,65 001 8
Financial analysis I Units | Dormitory | Hospital | Ki [ __office | school | University | _ Total
[Simple payback Iyears] 3 3 15 9 20
internal rate of return (2] 21,9% 22,6% 5.1% 8.8% 3.0% 6.2% 8,0%
NPV [EURIM2] 04 462 46 95 43 01 564
(Cost - benefit ratio 02 02 09 05 12 07 06
[Analysis of co-benefits I Units | Dormitory | Hospital | Ki [ _office | school | University | _ Total
(GDP increase [EURIM2] 460 521 460 472 526 535 297,
Labour income [EURIM2] 211 239 211 217 241 246 136
Employment (iobs/mz2] 001 001 001 001 001 001 o
Monetized CO2 emissions avoided [EURIM2] 000 002 001 000 000 000 o
Air quality including health impacts [EURIM2] 000 003 004 002 003 000 0
improved comfort and services of buildings [EURIM2] 60 60 60 60 60 60 36,
for the whole stock retrofitted
GDP increase [million EUR] 01 66 193 77 215 01 55
Labour income: [million EUR] 003 30 88 35 98 004 25
Employment jobs 16 1.490 4383 1751 4.880 22 12,541
Monetized CO2 emissions avoided [million EUR] 0,000 0,002 0,002 0,001 0,002 0,000 001
Air quality including health impacts [million EUR] 0,000 0,003 0016 0,003 0011 0,000 0,03]
improved comfort and services of buildings [million EUR] 001 08 25 10 24 001 7

[School _[University

0, 0,

7, 54,

19/ 0,




Cost of energy conserved: Improvement 1 ‘Supply curve of energy conserved: Improvement 1
EURKWhH KWhim2 EURKWI
Cost of energy conserved: Supply curve of energy conserved: y M y M
Improvement 1 Improvement 1 1 0,02 0,0 Dormitory 1 0,02 0,0 Dormitory
03 L0 002 1893 002 03
3 -3
5 B3 2 003  189,3 Hospital 2 0,03 0,3 Hospital
5% 02 School 3% o2 003 3462 003 200
U University sm JSelgo
c3 Kmﬂevg?en s H 01 Uni 3 006 3462 Office 3 006 20,0 Office
Zeg o1 HospitaOffice g2g O Haafl Kindérgarten 006 4297 006 337
o4 Porpitory o#
8 0 8 o ¥oomiory 4 007 4297 Kindergarten 4 007 337 Kindergarten
! ! 007 4960 007
0 100 20 300 40 50 600 700 0 20 0 60 8 100 ! ! !
Final energy savings, kWh/m2 Final energy savings, GWh 5 0,10  496,0 University 5 0,10 61,4 University
010 5509 010 615
6 011 550, School 6 011 615 School
011 5988 011
Program results: improvement 2
Iimck retrofitted by the program I Units [_Dormitory Hospital _| Kindergarten Office | School | University | Total
Share of the need [oistoct 100% 100% 100% 100%
Floor area [thousand m2] 15 1259 419.0 163.1
| Units [ Dormitory | Hospital | [ office | school | University |  Total
Investment cost, per m2 [EURIm2] o1 109 98 95 99|
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05
Costs of energy conserved [EURIKWH] 003 004 008 007 0,06)
Investment cost, total [million EUR] 01 137 410 155 70
[Energy/CO2 savings vs BAU) | Units [ Dormitory | Hospital | [ office | school | University |  Total
permz
Total CO2 [gc02im2] 17.519 35.489 3182 5.983 9588
Total primary energy [kwhim2] 134 174 a2 50 67,
Total final energy [kWhim2] 205 175 77 92 98
for the whole stock retrofitted
Total CO2 [tcoz] 26 4.468 1333 976 6.803
Total primary energy [owh] 020 22 17 8 48|
Total final energy [Gwh] 03 22 22 15 69) [Saved energy costs
Total final energy [ktoe] 00 19 28 13 60 Changing energy prices
Saved energy costs vs BAU) | Units | Dormitory | Hospital | Ki [ __office | school | University | _ Total
per m2
Total over measure lifetime (NPV) [EURIM2] 4065 558,6 1078 1499 1981
[Annual over measure lfetime [EURIM2] 72,7 145 374 255 E
for the whole stock retrofitted
Total over measure lifetime (NPV) [million EUR] 060 7032 45.15 24,45 141
Annual over measure lfetime [million EUR] 011 182 15,66 417 22
Financial analysis | Units [ Dormitory | Hospital | [ office | school | University |  Total
[Simple payback [vears] 1 8 3 4 3
Internal rate of return (] 19,6% 20,7% 47% 7.5% 95%
NPV [EURIM2] 05 544 40 87 675
(Cost - benefit ratio 02 02 09 06 05
[Analysis of co-benefits | Units [ Dormitory | Hospital | [ office | school | University |  Total
perm2
GDP increase [EURIM2] 590 708 635 615 255
Labour income: [EURIM2] 271 325 291 282 117,
Employment (jobs/m2] 001 002 001 001 01
Monetized CO2 emissions avoided [EURIM2] 000 002 001 0,00 0
Air quality including health impacts [EURIM2] 000 003 004 002 0
improved comfort and services of buildings [EURIM2] 60 60 60 60 24
for the whole stock retrofitted
(GDP increase [million EUR] 01 89 266 100 45
Labour income [million EUR] 004 41 122 46 21
Employment jobs 20 2026 6051 2280 10376,
Monetized CO2 emissions avoided [million EUR] 0,000 0003 0003 0,001 001,
Air quality including health impacts [million EUR] 0,000 0,004 0019 0,003 0,03
improved comfort and services of buildings [million EUR] 001 08 25 10 4
Cost of energy conserved: Improvement 2 Supply curve of energy conserved: Improvement 2
EURKWhH kWhim2 EURKWh G
y x y x
17 003 0,0 Dormitory 1 003 0,0 Dormitory
003 2053 003 03
Cost of energy conserved: Supply curve of energy conserved:
Improvement 2 Improvement 2 2 004 2053 Hospital 2 0,04 0,3 Hospital
o1 02 004 3801 004 223
H Kindergarten H
e Office #——* 52 3 007 380, Office 3 007  2230ffce
g2 23 off 007 4717 007 373
faey Hospital 25 o1 »
2% Dormitory P 2% Office Kindergarten 4 008 4717 Kindergarten 4 008 373 Kindergarten
&3 g5 | rowm 008 5482 008 693
orTitory
8 0o 8 oo
0 00 200 300 400 500 600 0 20 W 60 8
Final energy savings, kWhim2 Final energy savings, GWh
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2

Improvement 1
Climate zone A

e calculaonspresent costsand bt oftermalefiency mprovementin the publis buidings of Abania. The iancil analysys o osts and bnefts (smple payback
period, NPV, IRR, and cost-benefitraio) s limited to the analysis of capital invesi: verious benefits of
nermal efcency improvementof pubicbuidings. Some of hem are oncized e spreadsheels (0 give a feeling of their magnitude. They are however not inluded into the
financial analysi

[Energ;
Source price 'COZ emission factor Primary-to-final energy factor
2016 [EURIKWH] 2030 [EDRIGWH] ToCO2kWh] Twh/kwh]

Electriciy 0104 0,160 0 10
wood 0024 0,037 o 02
LPG 0,061 0,247 227 1
Diesel oi 0117 0473 267
Solar 0,000 0,000 o i
[Financial analysis. Units. Value References
Measure lfetime Tyears] 30
Discount rate 16 %
Annuity factor 6 6%
Maintenance costs [EURIm2yr] 05
[Co-beneits of thermal efficiency retrofits per unit of direct investment from e e poneorve
(GDP increase [EURIEUR] [E

direct [EURIEUR] 0%

multplier effects [EURIEUR] 035
Labour income [EURIEUR] 030

i [EURIEUR] 017

mutiplier effects [EUREUR] 013

Employment [obsimillion EUR] 128
irect [obs/million EUR] 8

multplier effects [obs/million EUR] 63
onetzed 02 emissions avided [EURICO2 | 5
i qualty including health im RIMWH]

pact [EUI a
morove comfor nd senvcen f buidings reic 5% valel 2% *Assumed estate valueis EUR 300 permz

ummary of results

Investment and maintenance costs. I Units [ Duvmuuvy | Hospital__| Kindergarten | Office | School | University
Fotar TEURm2] £ 7 e 7 7
Envelope cost [EURMm2] H 14 2 19 19 2|
HVAC system cost [EUR/m2] 48 66 54 62 56 56
aintenance cost [EURIm2 yr] 05 05 05 05 05 og|
|Annualized total costs [EUR/m2] 41 5.1 49 52 48 50|
cos o enegy consencd (C2€) [EURMWH] 01 01 02 02 03 10|
[Ranking of 1 2 4 3 5 o
Ene mprovement vs BAU Units | Dormitory | Fospital | Kindergarien | Office | School | University |
CO2 emissions. Tocoama] EC] 7256 1627 7050 £ 1171
Electricty {gco2im2] o 0 o 0 o
Wood {9c02im2) 0 0 o 0 0 o
PG {gcozim2) 2123 0 644 72 125 o
oi {gco2im2) ss85 7as6 183 2662 1006 un)
Solar {gcozim2) o o o o o o
Primry energy kwhim2] 20 26 239 22 11 60|
Elecuricty {kWhim2] a1 01 156 109 130 07
Wood m: 00 00 o2 11 03 00|
LpG kWhim2] 103 o, 28 00|
Oil [kWh/m: 251 335 5 3 12,0 45 53|
Solar kWhim2] 00 00 00 00 00|
Final energy (kWi 33 213 236 174 51
Electricty kwhi: 90 154 108 1258 07|
Wood {kWhim2] 00 09 55 4 00|
LPG [kWh/m: 28 -25 06 0,0|
oi [kWhim2] a4 100 38 44
Solar [kwWh/m: -05 01 00 0,0|
[Saved energy costs Timprovement vs BAU | Units | Dormitory | Fospital | Kindergarten | Office | School | University |
Total over measure lifetime (NPV) [EUR/m; 165,8 1298 56,1 60,2 420 18.8|
Electricty [EURIm; 1024 194 32 22 276 15|
Wood [EURM) 00 05 28 o7 00|
LPG [EUR/m: —19 3 0.0 58 5.2 11 0,0|
oi [EURIm2] 103 15 0 143 173
Solar [EUR/m: 0‘0 00 0.0 00 00 0,0|
[Annual over measure lifetime [EURIMm) 950 750 324 348 243 109
Electricty [EURm) 592 112 192 134 150 009
‘Wood [EUR/m: 0,00 0,00 -0,03 0.16 0,04 0,00|
LeG [EURIm2] 111 000 034 030 0,07 00|
oi [EUR: 478 638 1ot 228 086 100
Solar [EURMm) 000 000 000 000 000 00|
[Financial analysis / only saved energy I Units [_Dormitory | Hospital | Kindergarten | Office | School | University
| Simple paybach [years] 9,0 14,0 24,0 240 30,0 nle
ntermal ate of return 2] 129% 7.5% 20% 20% 03% UM
NPV [EUR/m2] 98,9 478 -189 202 -318 -56,4|
(Cost - benefit rato 04 06 13 13 18 41
[Analysis of co-benefits I Units [_Dormitory | Hospital | Kindergarten | Office | School | University
[GoP norease TEURIm: a3 519 o1 w7 w7 53
income [EURMm) 187 238 25 22 224 23]
|Employment liobs/m2] 0,01 0,01 0,01 0,01 0,01 0,01
onetzed CO2 emisions e [EURM) 002 004 001 001 .00 001
i quatyinclucing heath impac [EURIm; 008 005 003 003 002 001
mprowe comfor nd senvees o bulings [EURM) 600 600 600 600 600 5.00|

Cost of energy conserved:
Improvement 1, Climate zone A

University
-

School
Kindergarien

offce

Domitory Mo T 4—s

0 10 150 0
Final energy savings, kWhim2

Cost of energy
conserved, EURIKWh

[t o ]

hangng ene
mmmmmm

145, 1071 a1,
_
30

of energy conserved
[ [Dormitory[Hospital [KindergafOffice [School University ]
- 3]

0.2] 03[ 19|
236]__17.4] 5.

Cost of energy conserved: Improvement 1, Climate zone A

EURIKWh kWhim2
y x

1 01 00 Domitoy
o1 592

2 01 592 Hospial
o1 955

3 02  9550fice
02 1192

4 02 1192 Kindergarten
02 1404

5 03 1404 School
03 1578

6 10 1578 Universiy
10 1629
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2

Improvement
Climate zone

1
B

e calculaonspresent costsand bt oftermalefiency mprovementin the publis buidings of Abania. The iancil analysys o osts and bnefts (smple payback
veriou

e NPV, IR, an cos benefat) 5 i 1 he anayo fcaptal vest S heneta of
ey e of e bldngs. St o Tonced nhe speadeet o g e ol magnide. oy e howhet e ot 1 he
(nanialanys
T
woiee ey P ey o
e oA 255 TEORRT ey T
eccricty Gig8 o160 o |
oot 0024 oo 0 a2
I G061 oot 2 i
Dicet o ot oars Sor
o Gooo S0 o o
Pl wy S Vaiie Fefwences
Tessne Teime =) 5
| Discount rate %] 4%
ety oo b o
Maintenance costs [EUR/M2] 05
e e Ty T e S e o T S P T
[ e o el ey el e oot o6
direct [EUR/EUR] 0‘30
il efects {EURIEUR] 05
| Labour income [EUR/EUR] 030
i fEURIEUR] o1
multiplier effects [EUR/EUR] 013
empioyment Jobsimion £UR] T
oo Bovemition EUR] 5
il efecis Tovemiton EUR] H
Monetized CO2 emissions: avmded [EURACO2 ] 5
i qualy including health impac [EURMW] 4
Improved comfort and services of hmlmnqs refle [% value] 2% *Assumed estate value is EUR 300 per m2
ummaryof resuls
T e TS 57 T T S M 8 W
Fora R @ % & = 7
Erveope cot fevRma] 3 H I i H 2
HVAC system cost [EUR/M2] 48 66 54 62 56 56|
Maierance 605 EORmEY] os o as o as o8
|Annualized total costs [EUR/m2] 41 51 49 52 48 50|
oty oo c52) Ecren) P o a2 o b o
Ramking o 1 2 f f : 3
Ener ETOVEmentve BAU Units | Dormitory | Fospial | Kindergarten | Office | Schosl | Universiy |
Coz missons TocoBmaT = EE ez g w5 o
Electrici lgco2/m2] 0 0 0 0 0 of
Voot focozma o H o 5 o 3
LPG lgco2/m2] 2507 0 794 765, -183 0|
o focozma e oiss N B i 100
Solar lgco2/mz2] 0 0 0 o 0 0|
erimery energy iz " saa w06 23 218 110
sty flwnimz) G s 205 o] 7o P
Wood fnim a0 50 02 1 o br
S fewnimz) 21 %o y 57 a5 o
oil [kWh/m: 32,2 41,0 65 15,7 52 9,0|
S fewnimz Go 5o ao 5o G %
Finat eneray i s 457 a7 as o o5
Becriy lwnim & s %0 i e 2
Weod fewnimz) G0 5o i A %7 o
55 fnim 20 5 a4 25 o
o fewnimz) B o e P 74
Solar [kWh/m: 00 05 01 0.0 00|
|Saved energy costs Tmprovementvs BAU | Units | Dormitory | Fospital | Kindergarten | Office | School | Universiy |
[ Total over measure lifetime (NPV) [EUR/M: 2181 1635 718 80,1 529 33,9
Becicy feURIm Tons 25 s s EY !
Weod {euRing 50 5o y £t 1 Py
LPG [EUR/m: 228 0.0 7.2 6.9 -1.7 0,0|
o {euRing o0 1550 s = 7o 259
Solar [EUR/m: 00 00 00 0.0 0.0 00|
et over measure feime (eurin2) 2t 06 415 a6 306 156
Sty {euRing) 70 Toa pr 15 210 o2
‘Wood [EUR/m: 0,00 0,00 -0,03 021 0,08 0,00|
e {euRing i% 00 o 0% 01 0%
oil [EUR/m: 6,13 7.82 124 3,00 0,98 171
S {EuRing S o b a0 s o)
Fivancilsnalyrs Tonly saved snergy | Unts | Domtory | Fospial | Kindergarien | Office | Sehoo | Uniersiy
| Simple paybach [years] 7.0 12,0 20,0 20,0 250 [z
el of e ] 167% aon o o e o
NPV [EUR/M2] 1492 80,2 -38 -1 213 -41,9|
Cost - benet rao o : i o 1 23
rtyss o eohenetis [ viis T Dormioy | Fespi | Rindergarien | offiee | Sehoa | Univesiy
(6B e TEURIT: s 5T o = e %
reome {euRing 107 %55 225 Sis 224 FH
Annual ‘employment [iobs/im?2] 0,01 0,01 0,01 0,01 0,01 0,01}
Vi 02 s st {Eomin) oo 00 oot o0 o0 a0l
1 Gy s s feURim: ot Goe oo Go: 00 Gor
improvedcomion and senioes o suldings (EURI) b x4 e s G0 a0
Cost of energy conserved:
Improvement 1, Climate zone B
)
H
&%
§z University
3805 Sehod®
- Kindergarten
3 ofee
OF ooy oS4
8 00
o = m m wm m
Fioa onrgy saings, Kéhinz

[t Tox ]

hanging energy prces

mmmmmm
“74.7]
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—mm
2 4 g
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Cost of energy conserved: Improvement 1, Climate zone 8.
El

URIKWH KWhim2
y x

1 01 00Domioy
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01 1253

3 02 12530ffce
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0z 2074
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2
improvement 1
Ciimate zone c
Th caluons present ot an bt of thrml ffincyimprovment 1 1 public buings of Abani. Th nancil anlyysof oss andbenfs sl pyback
period, NPV, IRR, and cost-benelit-aic i imted to the analysis of capial invesT ercus benefs of
remal ficenc inprovmentof pulc buiings. Some of them re onesed 1 speadshets o i ocing of he g, They st houewernt e o the
financial analysi
EX
Source prce COZ emission facior Primaryo-nal energy factor
2016 [EURIKWH] 2030 [EORIRW] Toco2Iwn] TRWhWn]
Elecricty 0.104 0160 0 10
wood 0024 0087 o 02
PG 0061 0247 21 1
Diesel i o117 0273 267
Solar 0000 0000 o o
Financial analysis Gnits Vaiue References
Weasure Tietme Tears] Y
[Discount rate %] 4%
Annuity factor @] %
[Maintenance costs [EURIm2] 05
[Go el o hrml efency T br U o G Invesiment o 1 sate ot o view
GO ncrease TEUREUR] 05
direct [EUR/EUR] 0‘30
multplier effects [EURIEUR] 035
Labour income [EUR/EUR] 0,30
i [EURIEUR] 017
multiplier effects. [EUR/EUR] 013
Empioyment ffobsimilion EUR] 1%
jrect {fobsimilion EUR] 85
multplier effects (fobsimilion EUR] &
[ Monetized CO2 emissions avmded [EURACO2] 5
i qualty inclucing heaith impac [EURIMWH] 14
Improved comfort and services of hmldlnqs refle (% value] 2% *Assumed estate value is EUR 300 per m2
ummary of results
Thvesiment and manienance cosis Tt T T T . = T BT
Fotar TEURImZ] 71 £} 7 7 a |
Envelope cost [EURIm2) 15 14 2 19 19 2|
HVAC system cost [EUR/m2] 56 66 49 53 62 61}
Maintenance cost [EURIm2yr ] 05 05 05 05 05 03|
|Annualized total costs [EUR/m2] 46 51 46 a7 52 53|
cos o enegy consencd (C2€) [EURIWA] 00 00 01 o1 01 o1l
[Ranking of 1 2 4 3 5 5
Ene: mprovement vs BAU Units | Dormitory | Fospital | Kindergarien | Office | School | Universiy | [Gumstas s Tow_ ]
COZ emissions fgco2ma] 16504 0515 75% ) 90z 750 hangng ene
Electrity {gco2m2] o 0 o o o o [oomion Fosptl [ndegalo
Wood (gcozmz] o 0 o 0 o o
PG {gco2m2] 3759 0 49 900 60 sl
oi (gcozmz] 20683 30515 2507 6338 1962 eo1s|
Salar {gcoama] o 3 o 0 o o
primary energy ewhim2 152 1400 304 s 270 62
Electriiy flwhima) 186 72 94 99 129 e
‘Wood [kWh/m: 220 101 96 109 56 6,0|
oG fiawhima) 0] 2 48
Oil [kWh/m: 929 1371 1.7 285 88 29.7|
Solar flawhim) o] 00 00 00|
Final eneroy (whim; 1893 663 85 a79 549)
Electrity [kwhim; 184 93 98 127 39
Wood fiawhima) 1101 80 545 21 300
PG kwhm; 166 02 44 03 39|
oi flawhima) 774 ! 27 73 208
Solar [kwWh/m: 0.0 -05 -01 00 0,0|
[Saved energy costs Timprovement v BAU | Units | Dormitory | Tospital | Kindergaren | Gffice | School | University |
Total over measure lifetime (NPV) [EUR/m: 366.7 4617 823 1332 70,0 113,0|
Electrity (EURI: 395 153 199 210 274 21
Wood (EURIm2] 555 23 22 274 11 151
PG [EURI: 341 00 04 90 05 80|
oi (EURIm2] 3058 516 36 938 20 %0
Solar [EUR/m: 0.0 00 0.0 00 00 0,0|
[Annual over measure lifetime (EURIm2) 2121 270 476 770 405 654
Electrity [EURIm2] 229 088 115 121 158 047
‘Wood [EUR/m: 321 147 1,40 1,59 082 0,87
oG (EURIm2] 197 000 003 052 003 0.5
oil [EURI: 17,69 2612 223 542 1,68 5.,66|
Solar (EURIm2] 000 000 000 000 000 000
[Financial analysis [ only saved energy | Units | _Dormitory | Fospital | Kindergarten | __Office | School | _University
|Simple payback [years] 6.0 6.0 17.0 130 220
nternal rate of return ) 21.9% 26% 5.1% fres 0% 62%)
NPV [EUR/m2] 2843 366.8 10,9 58,2 -10.6 293
(Cost - beneft raio 02 y 09 : 12 :
[Analysis of co beneits T Unis | Gomitoy | Hospial | Kindergarien | Office | School | University
|_’—m> ncrease TEUR: %0 w21 %0 a2 w5 535
income (EURIm2] 211 239 211 217 201 245
Annual ‘employment liobs/m2] 0,01 0,01 0,01 0,01 0,01 0,01
onetzed o emisions aided [EURIm2) 008 015 oot 003 oot 004
ity ncluing healh mpac [EURI: 026 022 009 012 007 008
mprowe comfor nd servees o bulings (EURIm2] 600 600 600 600 600 600
Cost of energy conserved: of energy conserved.
Improvement 1, Climate zone [T [Dormron[Hospral [KindergafOfice [school [Unversiy ]
L0 i
H o o1 o o
3% oo e e s s e - s 2
£3 ool
3T oy Kindergeten ¥’ Cost of energy conserved: Improvement 1, Climate zone C.
g § Office. EUR/KWh kWh/m2
H v X
S¢ 17 00 00 Domioy
% 0 00 1893
o w0 W W w0 w0 w0 70 2 oo 193 Hospea
Final energy savings, KWhim2 00 a2
3 01 w620fice
01 a7
4 01 4297 Kindergarten
01 4960
5 01 4960 Universiy
01 ss09

6 01 5509 School
01 5988
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2

Improvement 2
Climate zone A

e calculaonspresent costsand bt oftermalefiency mprovementin the publis buidings of Abania. The iancil analysys o osts and bnefts (smple payback
veriou

period, NPV, IRR, and cost-benelit-aic i imted to the analysis of capial invesT 5 benelts of

remal ficenc inprovmentof pulc buiings. Some of them re onesed 1 speadshets o i ocing of he g, They st houewernt e o the
financial analysi
EX

Souree COZ emission facior Primaryo-nal energy factor
2016 [EURIKWH] 2030 [EORIRW] Toco2Iwn] TRWhWn]

Elecricty 0.104 0160 o X
wood 0024 0087 o 02
PG 0061 0247 21 1
Diesel i o117 0273 267
Solar 0000 0000 o o
Financial analysis Gnits Vaiue References
Weasure Tietme Tears] Y
[Discount rate %] 4%
Annuity factor @] %
[Maintenance costs [EURIm2] 05
[Go el o hrml efency T br U o G Invesiment o 1 sate ot o view
GO ncrease TEUREUR] 05

direct [EUR/EUR] 0‘30

multplier effects [EURIEUR] 035
Labour income [EUR/EUR] 0,30

i [EURIEUR] 017

multiplier effects. [EUR/EUR] 013

Empioyment ffobsimilion EUR] 1%
jrect {fobsimilion EUR] 85

multplier effects (fobsimilion EUR] &
[ Monetized CO2 emissions avmded [EURACO2] 5
i qualty inclucing heaith impac [EURIMWH] 4
Improved comfort and services of hmldlnqs refle (% value] 2% *Assumed estate value is EUR 300 per m2

ummary of results

[Cumulative cash flow

Investment and maintenance costs. I Units [ Duvmuuvy [__Hospital__| Kindergarten | Office | I
Fotar TEURm2] Bl 06 105 )
Envelope cost [EURMm2] 2 2 3 21
HVAC system cost [EUR/m2] 67 84 76 81
aintenance cost [EURIm2yr] 05 05 05 05
|Annualized total costs [EUR/m2] 56 67 6.6 68
cos o enegy consencd (C2€) [EURMWH] o1 01 02 03
[Ranking of T 2 3 4
Ene mprovement vs BAU Units | Dormitory | Fospital | Kindergarten | Office | T
CO2 emissions. fgcozima] 375 8667 215 2075
Electricty {gcozim2) 3 o 0
Wood {9c02im2) 0 0 0 0
PG {gcozim2) 1826 0 578 567
oi {9c02im2) ss85 8867 1641 2662
Solar {gcozima) o o o o
Primary energy [kWhim2] 79 08 a7 27
Elecuicty [kWhim2] 625 210 218 136
‘Wood [kWh/m: -0.9 00 -0.2 10
LpG kWhim2] 8 28 28
Oil [kWh/m: 251 39,9 74 12,0
Solar kWhim2] 00 00 00 00
Final energy (kWi 7.1 516 284 56
Electricty kwhi: &3 208 as 135
Wood kWhim2] 00 48
LPG [kWh/m: -E ﬂ 2 5 26
oi kWhim2] 100
Solar [kwWh/m: A 3 ﬂ 9 01
[Saved energy costs Timprovement vs BAU | Units | Dormitory | Fospital | Kindergarten | Office | T
Total over measure lifetime (NPV) [EUR/m; 199,0 1759 754 65,
Electricty [EURIm; 151 a7 463 289
Wood [EURMm) Y 05 2.
LPG [EUR/m: —166 0.0 52 53
oi [EURMm) 27 112 23 0
Solar [EUR/m: 0.0 00 00 0.0
[Annual over measure lifetime [EURIm) 151 1017 43 378
Electricty [EURm) 782 258 268 67
Wood [EURIm; 013 000 0,08 014
LpG [EURMm) 0% 000 20 031
oi [EURIm; 478 759 140 228
Solar [EURMm) 000 000 000 000
[Financial analysis / only saved energy. I Units [_Dormitory | Hospital | Kindergarten | __ Office ] I
| Simple paybach [years] 10,0 14,0 250 2
ntermal ate of retwrn 2] 3% 7,1% 18% 0%
NPV [EUR/m2] 107.4 656 288 -41,6
(Cost - benefit rato 04 . 14 17
[Analysis of co-benefits I Units [_Dormitory | Hospital | Kindergarten | __Office ] I
DP increase [EUR/m: 56,7 698 68,3 70,
income [EURMm) 260 20 313 24
Annual ‘employment liobs/m2] 0,01 0,02 0,02 0,02
onetzed CO2 emisions e [EURM) 002 001 001 001
i quatyinclucing heath impac [EURIm; 009 007 004 004
improve comior nd servees o bulings [EURMm) 600 600 600 600
Cost of energy conserved:
Improvement 2, Climate zone A
Lo
52 Offce
g Kindpigariep
S8 02 ichphot—¢ Cost of energy conserved: Improvement 2, Climate zone A
t3 EURKW KWhim2
I Doty y x
3F — 1 01 00 Domioy
8 50 o1 671
o = 100 150 200 2 01 67,1 Hospital
Final energy savings, KWhim2 01 1187
3 02 1187 Kindergarten
02 w71

4 03  14710fke
03 1726
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2
improvement 2
Ciimate zone 8
Th caluons present ot an bt of thrml ffincyimprovment 1 1 public buings of Abani. Th nancil anlyysof oss andbenfs sl pyback
period, NPV, IRR, and cost-benelitaic) i imited to the analyss of capialinvestments, ercus benefs of
remal ficenc inprovmentof pulc buiings. Some of them re onesed 1 speadshets o i ocing of he g, They st houewernt e o the
financial analysi
EX
Energy source price COZ emission facior Primaryo-nal energy factor
2016 [EURIKWH] 2030 [EORIRW] Toco2Iwn] TRWhWn]
Elecricty 0.104 0160 o X
wood 0024 0087 o 02
PG 0061 0247 21 1
Diesel i o117 0273 267
Solar 0000 0000 o o
Financial analysis Gnits Vaiue References
Weasure Tietme Tears] Y
Discount raie 6 %
Annuity factor @] %
Maintenance costs (EURIm2) 05
[Go el o hrml efency T br U o G Invesiment o 1 sate ot o view
GO ncrease TEUREUR] 05
direct [EUREUR] 0%
multplier effects [EURIEUR] 035
Labour income [EUREUR] 030
i [EURIEUR] 017
multpler effects [EUREUR] 013
Empioyment ffobsimilion EUR] 1%
jrect {fobsimilion EUR] 85
multplier effects (fobsimilion EUR] &
onetzed 02 emisions e [EURICO? | 5
i qualty inclucing heaith impac [EURIMWH] 14
[mproved comion nd senices o sudings el 5 vael 236 “Assumed estate vaue s EUR 300 perm2
ummary of results
Investment and maintenance costs. I Units [ Duvmvwvy [__Hospital__| Kindergarten | Office | I
Fotar TEURImZ] @ o 16 w
Envelope cost [EURIm2) 2 2 2 27
HVAC system cost [EURIm2) &7 51 7 51
Maintenance cost [EURIm2yr ] 05 05 05 05
Annuslized tota costs (EURIm2] 56 67 66 68
cos o enegy consencd (C2€) [EURIWA] 01 o1 02 02
[Ranking of T 2 3 4
Ene: mprovement vs BAU Units | Dormitory | Fospital | Kindergarien | Gifice | T
GOz emissions fgcoama] 5012 10556 7115 BEY
Electrity {gco2m2] 0 0 o 0
Wood (gcozmz] o 0 o 0
PG {gco2m2] 2189 0 709 765
oi (gCozmz] 62 10886 2010 3199
Salar {gcozm] o 0 0 o
Saved energy costs
[Primary energy [kwhim2] 749 303 283
Electriiy ewhim 20 271 48 Vear [Dormion[Fospia [Kindergal
Wood (kwhim; 00 < 14 .
oG ewhim2 00 a7
oi kwhim; 89 g o 157
Solar flawhim) 00 00 00
Final eneroy [whim: 859 42 33 as
Electrity [kwhim; 789 %8 %8 147
Wood flawhima) 50 00 13 72
PG (kwhm; a1 34
oi fiawhima) 75 151
Salar kwhim: 09 01
[Saved energy costs Timprovement v BAU | Units | Dormitory | Tiospital | Kindergarten | Office | T
Total over measure Ifetime (NPV) TEUR: 2530 2165 532 £
Electrity [EUR: 1695 E 576 a6
Wood (EURIm2] 50 00 07 Y
PG [EURI: 195 00 64 69
oi (EURIm2] 1060 1611 207 sis
Salar [EVRIm: 00 00 00 00
11 0.
[Annual over measure lifetime (EURIm2) 1463 25 539 463 T e e ot
Electrity [EURIm2] 91 520 333 183 ool s — 1o 53— o009
Wood [EURI: .18 000 004 021 3
LG (EURIm2] 113 000 037 0.0
oi [EURI: 613 932 172 300
Solar (EURIm2] 000 000 000 000
[Financial analysis / only saved energy. I Units [ _Dormitory | Hospital | Kindergarten | __ Office ] I
Simple paybac Tyears] 50 20 210 720
Intemal rate of return ) 143% 95% 32% 20% E
NPV [EUR/m2] 1593 1047 116 215 30) _-m-m-m
(Cost - beneft raio 03 o; 11 14
[Analysis of co-benefits I Units [ Duvmvwvy [ Hospital | Kindergarten | Office | I
|_y_m> ncrease TEUR: %7 EH 3 705
income (EURIm2] 260 320 313 524
st emploment ljobsim2] 001 002 002 002
onetzed o emision aided [EURIm2] 003 005 oo 001
ity ncluing healh mpac [EURI: 012 009 005 004
improve comior nd servees o bulings (EURIm2] 600 600 600 600
Cost of energy conserved:
Improvement 2, Climate zone &
03
H Office:
BE o, Kindergarton
gz ——
53 Hospial Cost o energy conserved: Improvement 2, Climate zone B
2%, y e
Ee ooty 5 b
g * 1 01 00 Domioy
8 oo o1 859
o M w o w2
Final energy savings, KWhim2 20 syt
3 02 1501 Kindergarten
0z 1854

4 02 18540fice
02 2169
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2
improvement 2
Climate zone c
The clctatons resen cots snd bonefts o heml ey mprovmentin e public buligs of Al The ancil anaysys of cots an benets (e payoack
period, NPV, IRR, and cost-beneft-ratio) is imited to the analys's of capital invest erious benelis of
el ey nprsmentof publ uddigs. Same ot are onesed 1 speadshets o i ocing of he g, They st houewernt e o the
financial analys:
Energ
Source 'COZ emission facior Primay-to-ial energy facior
2016 (EURIKWH] 2030 [EURIWAT faCO2iwh] TRWhRW]
Erecticiy 0104 0160 o X
wood 0024 0037 o 02
L 0061 0247 227 1
Diesel oi 0117 0473 27
Solar 0000 0000 o o
Financial analysis Gnits Vaiue References
ieasure fetme Tears] E]
Discount rate 6] %
Annity factor 2] %
Maintenance costs [EURIm2] 05
|Go-beneis o il efieney ol er o of dretmvesmentrom [ it pont o v
GOP ncrease TEURIEUR] 05
direct [EURIEUR] 0%
mulliplie effects [EUR/EUR] 035
Labour income [EURIEUR] 030
i [EURIEUR) 017
multplie effects [EURIEUR] 013
Employment iobsmilion EUR] 148
rect fjobsimilion EUR] 8
mulliplie effects obsimilion EUR] &
onetized CO2 issions avded (EURACO? | 5
i ity nclucing health impac [EURIAWN] 14
[mproved comion nd senices o sudings el 5 vael 2% *Assumed estate value s EUR 300 perm2
ummary of results
Investment and maintenance costs. [ Units ] Duvmnuvy [__Hospital | Kindergarten | __ Office ] I
Fotar TEURm2] B 8 % %
Envelope cost [EURMm2] 2 2 30 2
HVAC system cost [EURIm2] 7 85 & o7
aintenance cost (EURIm2yr] 05 05 05 05
Annualized total costs [EURIm2] 58 68 62 60
costof energy consened (cE€) [EURKWH) 00 00 o1 01
[Ranking of 1 2 4 3
Ene mprovement vs BAU Units | Dormitory | Fospital | Kindergarten | Office | T
CO2 emissions. fgcozima] 7519 E 318 5
Electricty {gco2im2] o 0
Wood {9c02im2) o 0 o 0
PG {gco2im2] a4 0 152 1133
oi {9c02im2) 20663 35489 3030 17
Solar {gcozim?] o 0 o 3
Primary energy (kWhim2) 1342 1738 as 501
Electicty (kWhim2] 341 68 176 120
Wood jwWh/m: 224 75 96 116
LpG (kWhim2] 15, 00 7 55
oi kWi %29 1595 136 20
Solar (kWhim?] o . 00
Final energy (kWi 253 1749 765 016
Electricty kwhi: 338 67 74 119
Wood (kWhim2] 122 376 80 582
PG kWi 138 . 07 50
oi (kWhim2] 774 13 267
Solar kWi 43 09 o1
[Saved energy costs Jimprovement vs BAU | Units | Dormitory | Tospital | Kindergarten Gifice | T
Total over measure lifetime (NPV) TEURIm: x 1078 195
Electricty [EURI: 727 145 374 255
Wood [EURIm) 565 189 22 23
PG [EURI; 285 00 14 103
oi [EURIm) 3058 5253 g 1053
Solar [EURI: 00 00 00 Y
[Annual over measure lifetime [EURIm) 251 23 623 867
Electricty [EURIm) 420 084 216 148
Wood [EURI; 327 109 a0 169
LpG [EURIm) 165 000 008 059
oi [EURI; 1769 3038 259 609
Solar [EURIm) 000 000 000 000
[Financial analysis / only saved energy. [ Onits | Dormitory | Hospital | Kindergarten | Office | I
Simple payoac ears] 50 50 180 5
intermal ate of etwn 2] 196% 20,7% 47% 75% 53]
NPV [EURIm2] 3035 4323 95 53,0 101 155
(Cost - benefi raio 02 Y 09 .
[Analysis of co-benefits [ Units | Dormitory | Hospital | Kindergarten | Office | I
|_y_sm> increase TEURIm: 501 70; 635 w5
income [EURIm) 271 25 . 282
st emploment {jobsim2 001 002 001 001
onetzed CO2 emisions e [EURImD) 09 018 002 003
i quatyinclucing heath impac [EURI; 028 024 011 013
improve comior nd servees o bulings [EURIm) 600 600 600 600
Cost of energy conserved:
Improvement 2, Climate zone C
B o Kindergarten
EH oftee—*
23 —
e Hospital Cost of energy conserved: Improvement 2, Climate zone C
cE Do EURKW KWhim2
s ¢———% y x
a8 1 0 00 Domiory
8 50 003 2053
0w o Aw s 6w 2 004 2053 Hospita
Final energy savings, kWhim2 004 3001
3 007  3801o0fce
007 477
4 oo

4717 Kindergarten
5482

008

[Cumulative cash flow
ngin;

Vear [DormionfFospital [KindergafOffice q
ool 9i700]
55200
53500
775 00]
B 0
6ol 00
56300
S15[00]
E7|
371 0q
“255] 00
21500
T3 o0]
sl 00]
3300
00|
oo
00|

o 00|
00|

15[ oo
73000
a5 00
% 00|
i08.700]
. 00|
Tsas] oo
186 00]
1625]00]
T8 00
19330 00]
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Estimate Stock of public buildings: 2012 _| _Dormito Hospital Kindergarten Office School Universi Total

Sector Education Public health Education Education Education

lOwned and occupied by govemment
Central x x x x
Municipal x x x x x

Retrofit need [m2] 8.971 758.630 2.530.518 856.030 2.463.626 10.955 6.628.729
climate zone A [m2] 5.254 424.273 1.482.059 448.201 1.442.882 6.416 3.809.084
climate zone B [m2] 2231 208.473 629.470 244698 612.831 2725 1.700.429
climate zone C [m2] 1.485 125.883 418.989 163.132 407.913 1814 1.119.216

Total area

Hospitals

Offices
[Education

Stock of public buildings, 2012

total climate zone 1__|climate zone 2__|climate zone 3
[Hospitals [number of buildin| 637] 313] 189}
Offices [number of buildin| 544 297 198
[Education [number of buildin| 3753 1594 1061
School inumber of buildin

Kindergarden  |[number of buildin}
Universities  |[number of buildin}
Dormitories __|[number of buildin}

Floor area of public buildings, 2012

total

Hospitals

3EE[EE|e

Kindergarden |[m2) INSTITUTIONS OF HEALTH

. " Institucione Shéndetésore 200 200 201 2012 Health Insttutions
Universtes and 2 [ o wme  wn wm wn
ormitories __|[m:
R w e ww . 204 ame 2 2ac0 Numbror
ol bt s o  em  wm  wm
- 475 ase  an - Healtheent
Hospiaized persons 0407 200562 247391 260727
Institutions of health e s O ~Ambulanca 1772 1927 1970 1992 - Ambulances
W e % w mo
it —Polikinika I 4647 Polyclinics
hospiais Avegeiengthofstoy incays 7 m v e s Vizita gjithsej (mijé) 5789 6551 6925 6983 Totalvisits (thousands)
e Theail Oosinomzdinmonncs) 159 AT ok 1w e pres e
health cent P s e ol | Numr | spita a u 44 a4 Number of hospital
ealth centers. Nomber ofimsttutonstont 243 2448 2472 2460 2453 tenrl | spitaleve kimber of bosptals
S I Numr | shtretérve spitalor 8805 5707 6392 8410 Number of hospital beds
polyclinics o sl Te shiruar né spital 265200 258.407 240562 247391
Numri  hiretirve par Number of beds per
~rayeimcs w % 6 6w 60 mié banere 76 73 3 2% 00thousand imhabitants
total healthcare faf 5749 651 6915 e9m3  eas2 Dité qéndrimi mesatar 5 58 57 61 Average length of stay (indays)
larowth rate of nstitutions of heatth | Py Ditesheretér & realimmr (mij) 1509 1472 1404 1505 _Days in bed realized (thousands)
ref.: INSTAT. Albania in figures 2013 Shirytézimi | sheratt (mijé) 72 1 el 17 indays)
o @ shaarit 30 2 29 29 bed tumover
Educational institutions Konsultor! | Gruas ‘Women's Consutancy.
— = Konsultoreve 2006 195 2077 2072
pre-shool :)om‘e Institucione arsimore 1 i ol __
clone 2 06 318 4 inconsutat
T Educational ttions
public 50% 168 179 161 Visitsincomultation rural (thousands)
primary and lower|total Children's Consutancy
rivate
e 8% A [E— 200 212 2113 chid
p 144 150 149 Urban
upper sec total st
private Giithsej 3.844  3.941 3.952 3.934  Total 012 992 973 isitsincorseltation howsands
[public 1% pshte 1799 1907 1911 1900 Pre-school e e e e etton housndd
tertiary I sektor privat 50 16 13 127
private 9 viecare Ta% 1475 1472 144 Primary & Lower sec.
public 0.4% sektori privat 140 132 126 127 private sector
total total Tmesem 508 507 s 512 Upper secondary
private sektori privat 124 124 126 126 private sector
Tiarte s 58 sa _Tertary

public
ref.: INSTAT. Albania in figures 2013 sektori privat 0 a3 as___aa private sector
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ref.: Szabo, Laszlo, Andras Mezosi, Zsuzsanna Pato, and Slobodan Markovic. 2015. “Support for Low-Emission Development in South Eastern Europe (SLED). Electricity Sector Modelling Assessment in Montenegro.”

version: 31.08.2015 1
REF REF REF REF
2015 2020 2025 2030

Prices Baseload | 65,1192 | 46,65187 | 54,81025 | 57,92356 Unit Euro/MWh
Peakload | 76,91525 | 51,12438 | 59,47422 | 60,03272
Total gene| 3410,044| 4508,702| 5152,331| 5648,524
Nuclear 0| 0 0| 0
Coal and li 0| 0 0| 0
Natural gag 0| 18,70527| 41,09407| 108,2827|
Generatio [Hydro 3374,894| 4354,943| 4755,583( 5078,831
nmix, |Wind 0| 55,1869| 114,9727| 183,9563|
GWh  [Biomass 32,79678| 32,79678| 161,2509| 161,2509)
HFO, LFO 0| 0 0| 0
PV 2,353491 47,06982( 79,43032| 116,2036)
AL 0| 0 0| 0
Net export | -4471,17| -4721,38| -5610,14| -6805,81
[ Total const 0| 120,2482| 262,1163| 690,6752
Fuel ol and f 0 o 0 o
on, TJ Natural gag 0| 120,2482| 262,1163| 690,6752
HFO, LFO 0| 0 0| 0
[ Total emis: 0| 6,712254| 14,63133| 38,55349
CO2 [Coal and i 0| 0 0| 0
emission Natural gag 0| 6,712254| 14,63133| 38,55349
HFO, LFO 0| 0 0| 0
Consumer| 25,60573| 30,08003| 35,0298| 40,51806]
Surplus |Producer | 222181,8| 208154,3| 2812726 321829
Rent 17520,65( 8350,113( 3287,581| 2781,752]
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Thermal efficiency retrofit of public buildings in Albania, assumptions

The calculations present costs and benefits of thermal efficiency improvement in the public buildings of Albania. The financial analysys of costs and benefits (simple payback
period, NPV, IRR, and cost-benefit-ratio) is limited to the analysis of capital investments, maintenance costs, and saved energy costs . There are other numerious benefits of
thermal efficiency improvement of public buildings. Some of them are monetized in the spreadsheets to give a feeling of their magnitude. They are however not included into the

financial analysis.

Assumptions

Energy source specific

Energy source price

CO2 emission factor

Primary-to-final energy factor

2016 [EUR/KWh] 2045 [EUR/kWhnnual growth [%] [gCO2/kwh] [kWh/kwh]

Electricity 0,104 0,160 1,5% 0 1,0
Wood 0,024 0,037 1,5% 0 0,2
LPG 0,061 0,247 4,9% 227 1,1
Diesel oil 0,117 0,473 4,9% 267 1,2
Solar 0,000 0,000 N/A 0 0,0
Financial analysis

Measure lifetime [years] 30

Discount rate [%] 4%

Annuity factor [%] 6%

Maintenance costs [EUR/M2-yr.] 0,5

Co-benefits of thermal efficiency retrofits per unit of direct investment from the state point of view

GDP increase [EUR/EUR] 0,65
direct [EUR/EUR] 0,30
multiplier effects [EUR/EUR] 0,35
Labour income [EUR/EUR] 0,30
direct [EUR/EUR] 0,17
multiplier effects [EUR/EUR] 0,13
Annual employment [iobs/million EUR] 148
Employment [iobs/million EUR] 85
multiplier effects [iobs/million EUR] 63
Monetized CO2 emissions avoided EUR/tCO2 5
Air quality including health impacts EUR/MWh 1,38
Improved comfort and services of buildings refle [% value] 2% *Assumed estate value is EUR 300 per m2
Conversion units
GWh /1 ktoe 11,63
Extra: in case if a credit line will be established
Capital structure
Share of equity [%] 0%
Share of debt [%] 100%
Cost of capital
Equity [%] 14%
Public loan [%] 0%
Commercial loan [%] 8%
Debt payment period [years] 10
Program budget
Program budget million EUR 46,0
Other costs million EUR 6,0
Budget excluding other costs million EUR 40,0
Other costs as a share of the program budget [%] 15%
Period of implementation [years] 4,0
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Thermal efficiency retrofit of public buildings in Albania, country-wide analysis

Improvement
Climate zone A, B, C

The calculations present costs and benefits of thermal efficiency improvement in the public buildings of Albania. The financial analysys of costs and benefits (simple payback
period, NPV, IRR, and cost-benefit-ratio) is limited to the analysis of capital investments, maintenance costs, and saved energy costs . There are other numerious benefits of
thermal efficiency improvement of public buildings. Some of them are monetized in the spreadsheets to give a feeling of their magnitude. They are however not included into the

financial analysis.

Assumptions

Energy source specific

Energy source price

Primary-to-final energy factor

CO2 emission factor

2016 [EUR/KWh] 2030 [EUR/KWtnnual growth [%] [gCO2/kKWh] [KWh/KWh]
Electricity 0,104 0,160 1% 0 1,0
Wood 0,024 0,037 1% 0 0,2
LPG 0,061 0,247 5% 227 1,1
Diesel oil 0,117 0,473 5% 267 1,2
Solar 0,000 0,000 N/A 0 0,0
Financial analysis
Measure lifetime [years] 30
Discount rate [%] 4%
Annuity factor [%] 6%
Maintenance costs [EUR/M2-yr.] 0,5
Co-benefits of thermal efficiency retrofits per unit of direct investment from the state point of view
GDP increase [EUR/EUR] 0,65
direct [EUR/EUR] 0,30
multiplier effects [EUR/EUR] 0,35
Labour income [EUR/EUR] 0,30
direct [EUR/EUR] 0,17
multiplier effects [EUR/EUR] 0,13
Annual employment [iobs/million EUR] 148
Employment [iobs/million EUR] 85
multiplier effects [iobs/million EUR] 63
Monetized CO2 emissions avoided EUR/tCO2 5
Air quality including health impacts EUR/MWh 1,38
Improved comfort and services of buildings refle [% value] 2% *Assumed estate value is EUR 300 per m2
Conversion units
GWh /1 ktoe 11,63
Extra: in case if a credit line will be established
Capital structure
Share of equity [%] 0%
Share of debt [%] 100%
Cost of capital
Equity [%] 14%
Public loan [%] 0%
Commercial loan [%] 8%
Debt payment period [years] 10
Program budget
Program budget million EUR 46
Other costs million EUR 6
Budget excluding other costs million EUR 40
Other costs as a share of the program budget [%] 15%
Period of implementation [years] 4
Building stock
Characteristics Units [ Dormitory [ Hospital [Kindergarten| Office | School [ University |
Sector Education Public health  Education Other Education Education
Governance level Central Central Central Central
Municipal Municipal Municipal Municipal Municipal
Stock [ Units [ Dormitory | Hospital [Kindergarten| Office | School [ University [  Total
Retrofit need [thousand m2] 9,0 759 2.531 856 2.464 11,0 6.629
climate zone A [thousand m2] 53 424 1.482 448 1.443 6,4 3.809
climate zone B [thousand m2] 2,2 208 629 245 613 2,7 1.700
climate zone C [thousand m2] 15 126 419 163 408 1,8 1.119
Program results
Stock retrofitted by the program [ Units [ Dormitory [ Hospital [Kindergarten| Office | School [ University [  Total
Share of the need [%/stock] 0% 17% 17% 0% 0% 0% 8%
climate zone A [%/stock] 0% 0% 0% 0% 0% 0% 0%
climate zone B [%/stock] 0% 0% 0% 0% 0% 0% 0%
climate zone C [%/stock] 0% 100% 100% 0% 0% 0% 49%
Floor area [thousand m2] - 126 419 - - - 545
climate zone A [thousand m2] - - - - - - -
climate zone B [thousand m2] - - - - - - -
climate zone C [thousand m2] - 126 419 - - - 545
Investment and maintenance costs [ Units [ Dormitory [ Hospital [Kindergarten| Office | School [ University [  Total
Investment cost, per m2 [EUR/M2] #DIV/O! 80 71 #DIV/O! #DIV/O! #DIV/O! 73
climate zone A [EUR/M2] 63 80 76 81 75 77 #DIV/0!
climate zone B [EUR/m2] 63 80 76 81 75 7 #DIV/O!
climate zone C [EUR/M2] 71 80 71 73 81 82 73




Maintenance cost, per m2 [EUR/M2-yr.] 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Costs of energy conserved [EUR/KWh] #DIV/O! 0,08 0,09 #DIV/O! #DIV/O! #DIV/O! 0,09
climate zone A [EUR/KWh] 0,17 0,32 0,30 0,30 0,40 2,74 #DIV/O!
climate zone B [EUR/KWh] 0,13 0,26 0,24 0,22 0,31 1,03 #DIV/0!
climate zone C [EUR/KWh] 0,05 0,08 0,09 0,08 0,16 0,14 #DIV/O!
Investment cost, total [million EUR] - 10 30 - - - 40
climate zone A [million EUR] - - - - - - -
climate zone B [million EUR] - - - - - - -
climate zone C [million EUR] - 10,1 29,7 - - - 40
Energy/CO2 savings: improvement vs BAU | Units [ Dormitory [ Hospital [Kindergarten| Office | School [ University [  Total
per m2
Total CO2 [gCO2/m2] #DIV/0! 16.382 1.796 #DIV/O! #DIV/O! #DIV/0! 5.166
climate zone A [9CO2/m2] 1.240 4.721 1.458 1.589 532 849 #DIV/O!
climate zone B [gCO2/m2] 1.727 5.437 1.754 2.065 545 1.456 #DIV/O!
climate zone C [9CO2/m2] 7.552 16.382 1.796 3.926 1.147 5.688 5.166
Total primary energy [kWh/m2] #DIV/O! 67 22 #DIV/O! #DIV/O! #DIV/O! 33
climate zone A [kWh/m2] 26 20 18 16 12 2 #DIV/O!
climate zone B [kWh/m2] 34 23 23 21 15 6 #DIV/O!
climate zone C [kWh/m2] 52 67 22 33 18 25 33
Total final energy [kWh/m2] #DIV/0! 68 49 #DIV/O! #DIV/O! #DIV/O! 53
climate zone A [kWh/m2] 24 15 16 17 12 2 #DIV/O!
climate zone B [kWh/m2] 32 19 20 23 16 5 #DIV/O!
climate zone C [kWh/m2] 85 68 49 62 31 37 53
for the whole stock retrofitted
Total CO2 [tco2] - 2.062 753 - - - 2.815
climate zone A [tCO2] - - - - - - -
climate zone B [tCO2] - - - - - - -
climate zone C [tCO2] - 2.062 753 - - - 2.815
Total primary energy [GWh] 0,0 8 9 0 0 0,0 18
climate zone A [GWh] 0,00 0 0 0 0 0,00 0
climate zone B [GWh] 0,00 0 0 0 0 0,00 0
climate zone C [GWh] 0,00 8 9 0 0 0,00 18
Total primary energy [ktoe] 0,00 0,72 0,80 0,00 0,00 0,00 1,53
climate zone A [ktoe] 0,00 0,00 0,00 0,00 0,00 0,00 0,00
climate zone B [ktoe] 0,00 0,00 0,00 0,00 0,00 0,00 0,00
climate zone C [ktoe] 0,00 0,72 0,80 0,00 0,00 0,00 1,53
Total final energy [GWh] 0,0 8 21 0 0 0,0 29
climate zone A [GWh] 0,0 0 0 0 0 0,0 0
climate zone B [GWh] 0,0 0 0 0 0 0,0 0
climate zone C [GWh] 0,0 8 21 0 0 0,0 29
Total final energy [ktoe] 0,00 0,73 1,77 0,00 0,00 0,00 2,50
climate zone A [ktoe] 0,00 0,00 0,00 0,00 0,00 0,00 0,00
climate zone B [ktoe] 0,00 0,00 0,00 0,00 0,00 0,00 0,00
climate zone C [ktoe] 0,00 0,73 1,77 0,00 0,00 0,00 2,50
Saved energy costs: improvement vs BAU | Units [ Dormitory [ Hospital [Kindergarten| Office | School [ University [  Total
Total over measure lifetime (NPV) [EUR/M2] #DIV/O! 229,5 60,8 #DIV/O! #DIV/O! #DIV/O! 99,8
climate zone A [EUR/m2] 71,6 66,2 43,1 45,4 29,1 9,6 #DIV/O!
climate zone B [EUR/M2] 94,1 78,3 54,5 60,3 36,3 20,3 #DIV/0!
climate zone C [EUR/m2] 171,4 229,5 60,8 100,2 47,9 80,5 99,8
Annual over measure lifetime [EUR/M2] #DIV/O! 13,27 3,52 #DIV/O! #DIV/O! #DIV/O! 5,77
climate zone A [EUR/M2] 4,1 3,8 2,5 2,6 1,7 0,6 #DIV/0!
climate zone B [EUR/m2] 54 4,5 3,2 3,5 2,1 1,2 #DIV/O!
climate zone C [EUR/M2] 9,9 13,3 3,5 5,8 2,8 4,7 5,8
Total over measure lifetime (NPV) [million EUR] - 29 25 - - - 54
climate zone A [million EUR] - - - - - - -
climate zone B [million EUR] - - - - - - -
climate zone C [million EUR] - 28,9 25,5 - - - 54
Annual over measure lifetime [million EUR] - 2 1 0 0 - 3
climate zone A [million EUR] - - - - - - -
climate zone B [million EUR] - - - - - - -
climate zone C [million EUR] - 1,7 1,5 - - - 3
Financial analysis Units [ Dormitory [ Hospital [Kindergarten| Office | School [ University [  Total
Simple payback [years] #DIV/O! 6 20 #DIV/0! #DIV/O! #DIV/0! 13
Internal rate of return [%] #NUM! 12,5% 3,0% #NUM! #NUM! #NUM! 6,2%
NPV [EUR/M2] 0,0 18,1 -4,1 0,0 0,0 0,0 14,0
Cost - benefit ratio #DIV/0! 0,3 1,2 #DIV/O! #DIV/0! #DIV/O! 0,7
Analysis of co-benefits Units [ Dormitory | Hospital [Kindergarten| Office | School [ University [  Total
per m2
GDP increase [EUR/m2] #DIV/O! 52 46 #DIV/0! #DIV/O! #DIV/0! #DIV/O!
Labour income [EUR/M2] #DIV/O! 24 21 #DIV/O! #DIV/0! #DIV/O! #DIV/O!
Employment [iobs/m2] #DIV/O! 0,01 0,01 #DIV/0! #DIV/O! #DIV/0! #DIV/O!
Monetized CO2 emissions avoided [EUR/M2] #DIV/0! 0,08 0,01 #DIV/O! #DIV/O! #DIV/O! #DIV/O!
Air quality including health impacts [EUR/M2] #DIV/O! 0,09 0,07 #DIV/O! #DIV/O! #DIV/O! #DIV/O!
Improved comfort and services of buildings [EUR/M2] 6 6 6 6 6 6 6
for the whole stock retrofitted
GDP increase [million EUR] #DIV/0! 6,6 19,3 #DIV/O! #DIV/0! #DIV/O! #DIV/O!
Labour income [million EUR] #DIV/0! 3,0 8,8 #DIV/0! #DIV/O! #DIV/0! #DIV/O!
Employment [iobs] #DIV/O! 1.490 4.383 #DIV/O! #DIV/O! #DIV/O! #DIV/O!
Monetized CO2 emissions avoided [million EUR] #DIV/O! 0,0 0,0 #DIV/O! #DIV/O! #DIV/O! #DIV/O!
Air quality including health impacts [million EUR] #DIV/O! 0,0 0,0 #DIV/O! #DIV/O! #DIV/O! #DIV/O!
Improved comfort and services of buildings [million EUR] 0,0 0,8 2,5 0,0 0,0 0,0 3




Extra: in case if a credit line will be establish] Units [ Dormitory [ Hospital [Kindergarten| Office | School [ University [  Total
Cost of investors
Debt service, annual over the loan repayment [million EUR/yr.] - 1 3 - - 4
Cost of administrator (state)
Costs of low interest rate, annual over the loar [million EUR/yr.] - 0,5 15 - - 2,0
Technical assistance (energy audits, design, a [million EUR] - 1,5 45 - - 6
Costs and benefits of commercial banks
Provision of loans for investment costs [million EUR] 0,00 10 30 - - - 40
Interest payments from investors [million EUR] 0,00 - - - - - -
Interest payments from the state [million EUR] - 5 15 - - - 20
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Thermal efficiency retrofit of public buildings in Albania, country-wide analysis
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Thermal efficiency retrofit of public buildings in Albania, country-wide analysis
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Thermal efficiency retrofit of public buildings in Albania, analysis for municipalities by climate zone

Improvement 1&2
Climate zone A

The calculations present costs and benefits of thermal efficiency improvement in the public buildings of Albania. The financial analysys of costs and benefits (simple payback period,
INPV, IRR, and cost-benefi-ratio) s limited to the analysis of capital investments, maintenance costs, and saved energy costs . There are other numerious benefits of thermal
efficiency improvement of public buildings. Some of them are monetized in the spreadsheets to give a feeling of their magnitude. They are however not included into the financial
analysis.

Energy source specific

Energy source price COZ emission factor Primary-o-final energy factor
2016 [EUR/KWh] 2030 [EUR/KWI annual growth (%] TgCO2/kwh] Twh/kwh]

Electricity 0104 0160 1% o X
Wood 0024 0037 1% 4 02
LPG 0061 0247 5% 227 11
Diesel oi 0117 0473 5% 267 12
Solar 0,000 0,000 NIA 4 00
Financial analysis
Measure fetime Tyears] 30
Discount rate )] 4%
Annuiy factor (6] 6%
Maintenance costs [EURIM2-yr] 05
[Co-benefits of thermal efficiency retrofits per unit of direct investment from the state point of view
(GDP increase [EUR/EUR] 065

direct [EUR/EUR] 030

multplier effects [EUR/EUR] 035
Labour income [EUR/EUR] 030

direct [EUR/EUR] 017

multiplier effects [EUR/EUR] 013
/Annual employment [jobs/milion EUR] 148

Employment [jobs/milion EUR] 85

multplier effects [jobs/milion EUR] 63
Monetized CO2 emissions avoided EURICO2 5
Air quality including health impacts EURIMWh 1,38
improved comfort and services of buildings reflec (% value] 29 *Assumed estate value is EUR 300 perm2
Conversion units
[GWh T kioe 1163
[Extra in case if a credit line will be established
Capital structure

Share of equity 6] 0%

Share of debt %] 100%
Cost of capital

Equity [%] 14%

Public loan (6] 0%

Commercial loan 1] 8%
[Debt payment period [years] 10
Program budget
Program budget million EUR X
Other costs million EUR X
Budget excluding other costs million EUR X
(Other costs as a share of the program budget %] #VALORE!
Period of implementation [vears] X

Building stock
| Units [ Dormitory | Hospital [ office | school | University |  Total

Sector Education _ Publichealth  Education  Other Education _ Education
Retrofit need [thousand m2] 53 424 1.482 8 1.443 6 3.809

- Loan Amount EUR 1
- Loan Tenor years 10
Program results: improvement 1 - Interest Rate % 8%
lgmck retrofitted by the program | Units [_Dormitory Hospital | Kindergarten Office. School University Total - Interest Rate, subsidized % 0%
[Share of the need [lstock] 100% 100% 100% 100% 100% 100% 100%)
Floor area [thousand m2] 5. 424 1.482 448 1.443 6.4 3.809 municipalities without subsidized rate municipalities vith subsidized rate
| Units [ Dormitory | Hospital | [ office | school | University |  Total Debt Service Debt Service
Investment cost, per m2 [EURIm2] 63 80 76 81 75 77 77 Interest  Principz Total Debt Service Interest Payment  Principz Total Debt Service
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05 05 05 0 0
Costs of energy conserved [EURIKWH] 017 032 030 030 0,40 274 034) 1008 007 015 1 000 010 010
Investment cost, total [million EUR] 03 340 1122 364 1083 o 202 2 007 007 015 2 000 010 010
E 02 savings. vs BAU) | Units | Dormitory | Hospital | Ki [ _office | school | University | _ Total 3 0,07 0,08 015 3 0,00 0,10 0,10
rm2 4 006 009 015 4 000 010 010
Total CO2 [gco2/m2] 1.240 4721 1.458 1.589 532 849 1.485 5 006 009 015 5 000 010 010
Total primary energy [kWhim2] 26 20 18 16 12 2 1 6 005 010 015 6 000 010 010
Total final energy [kwhim2] 24 15 16 17 12 2 14 7004 011 015 7 000 010 010
for the whole stock retrofitted 8 003 012 015 8 000 010 010
Total CO2 [tcoz) 2161 712 768 5 5.656 9 002 013 015 9 000 010 010
Total primary energy [Gwh] 013 8 27 7 17 002 59 10 001 014 015 0 000 010 010
Total final energy [owh] 01 7 23 8 17 00 55 049 1,49 000 1,00
Total final energy [ktoe] 00 06 20 07 15 00 47
[saved energy costs
[Saved energy costs vs BAU) | Units [ Dormitory | Hospital | [ office | school | University | Total |Changing energy prices
[Year [Dormitory[Hospital_|Ki
Total over measure lifetime (NPV) [EURIM2] 7162 662 431 454 201 96 406/
Annual over measure lifetime [EURIM2] 4.1 383 249 262 1,68 056 23
for the whole stock retrofitted
Total over measure lifetime (NPV) [million EUR] 038 28,10 63,86 2034 42,00 0,06 155
[Annual over measure ifetime [million EUR] 002 163 3,69 118 243 0,00 9
Financial analysis | Units [ Dormitory | Hospital | [ office | school | University |  Total
[Simple payback [years] 15 21 30 na na na na
Internal rate of return (] 4.9% 2,8% 0.4% 0.4% #NUME #NUML 019%
[EURIM2] 00 56 46,5 154 -638 04
(Cost - benefit ratio 09 12 18 18 26 80
[Analysis of co-benefits | Units [ Dormitory | Hospital | [ office | school | University |  Total
perm2
(GDP increase [EURIM2] 409 519 491 527 487 503 294
Labour income [EURIM2] 18,7 238 225 242 224 231 135,
Employment (iobs/m2] 001 001 001 001 001 001 o 16)
Monetized CO2 emissions avoided [EURIM2] 000 001 001 000 000 000 0 17
Air quality including health impacts [EURIM2] 000 001 003 001 002 000 0
improved comfort and services of buildings [EURIM2] 60 60 60 60 60 60 35
for the whole stock retrofitted
(GDP increase [million EUR] 02 220 728 236 703 03 189)
Labour income [million EUR] 010 101 334 108 23 015 87,
Employment jobs 49 5.010 16.555 5.367 15.984 73 43.038
Monetized CO2 emissions avoided [million EUR] 0,000 0,004 0016 0002 0,006 0,000 [d
Air quality including health impacts [million EUR] 0,000 0,004 0,047 0,005 0035 0,000 4
improved comfort and services of buildings [million EUR] 003 25 89 27 87 004 23
[Extra: in case if a credit line will be establisH Units [ Dormitory | Hospital | [ office | school | University |  Total
Cost of investors,
Debt service, annual over the loan repayment . [million EURAyr.] 00 3 1 4 1 0 29
Cost of administrator (state)
Costs of low interest rate, annual over the loan  [million EURAyr.] 002 17 55 18 53 . Fig. Cost of energy conservec
Technical assistance (energy audits, design, ar  [million EUR] ~ #VALORE! ~ #VALORE!  #VALORE!  #VALORE!  #VALORE!  #VALORE!  #VALORE! I pital_|Kind [Offi [School _[University
Costs and benefits of commercial banks
Provision of loans for investment costs [million EUR] 03 34,0 1122 364 1083 05 202 0, 0, 0, 0, 0. 2,
Interest payments from investors [million EUR] 00 34 12 36 108 00 29 23, 15, 15, 17, 12, 1,
Interest payments from the state [million EUR] 02 17 55 18 53 02 143 Gwh] 0, 6. 23, 7. 17, 0,
Cost of energy conserved: Improvement 1 Supply curve of energy conserved: Improvement 1
EURKWhH kWhim2 EURKWh GWh
Cost of energy conserved: Supply curve of energy conserved: y M N
Improvement 1 Improvement 1
. . . ’ - + " gy v oo vomy
H - H
3% B , 2 030 239 Ofice 2 030 0.1 Office
g5 2 23 030 413 030 79
51 50
2 § N schoor < H N 3 0,30 41,3 Kindergarten 3 0,30 7,9 Kindergarten
8 % M 83 KindergandHospial School 030 569 030 311
8, 8, 4 032 56,9 Hospital 4 032 311 Hospital
o 20 W 60 80 100 0 10 20 0 0 50 60 032 722 032 376
Final energy savings, kWh/m2 Final energy savings, GWh 5 040 722 School 5 040 37,6 School
040 040
6 274 843 University 6 274 549 University



Program results: improvement 2

[_Dormitory Hospital | Kindergarten Office. School University Total
100% 100% 100% 100% 62%

Principe Total Debt Service

010 010
010 010
010 010
010 010
010 010
010 010
010 010
010 010
010 010
010 010

1,00

Supply curve of energy conserved: Improvement 2
EURKWh GWh

0,0 Dormitory
01
0,1 Hospital
13,0 Kindergarten
467

46,7 Office
553

lgmck retrofitted by the program I Units
[Share of the need [olstock] municipalities without subsidized rate municipalities vith subsidized rate
Floor area [thousand m2] . 424.3 14821 448.2 2.360 Debt Service Debt Service
| Units [ Dormitory | Hospital | [ office | school | University |  Total Interest  Principe Total Debt Service Interest Payment
Investment cost, per m2 [EURIm2] 87 108 105 109 106) 0 0
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05 1 008 007 015 1 000
Costs of energy conserved [EURIKWH] 017 021 028 035 0,28 2 007 007 015 2 000
Investment cost, total [million EUR] 05 457 156.0 487 251 3 007 008 015 3 000
4 006 009 015 4 000
[Energy/CO2 savings vs BAU) | Units [ Dormitory | Hospital | [ office | school | University |  Total 5 0,06 0,09 015 5 0,00
6 005 010 015 6 000
Total CO2 [gco2im2] 1.090 6.110 1.851 1574 2562 7004 011 015 7 000
Total primary energy [kwhim2] 37 37 26 18 27, 8 003 012 015 8 000
Total final energy [kWhim2] 28 20 23 19 23 9 002 013 015 9 000
for the whole stock retrofitted 0 001 014 015 0 000
Total CO2 [tcoz] 6 2502 743 705 6.046 049 149 000
Total primary energy [Gwh] 019 39 8 63
Total final energy [Gwh] 01 13 34 9 55 [Saved energy coss
Total final energy [ktoe] 00 11 29 07 48 Changing energy prices
Saved energy costs vs BAU) | Units [ Dormitory | Hospital | [ __office | school | University | _ Total
er m2
Over measure lifetime, total (NPV) [EURIM2] 96,0 1116 624 506, 69.1
Annual, average [EURIM2] 55 65 36 29 40
for the whole stock retrofitted
(Over measure lifetime, total (NPV) [million EUR] 050 47,34 9241 22,70 163
Annual, total [million EUR] 003 2,74 534 131 9
Financial analysis | Units [ Dormitory | Hospital | [ office | school | University |  Total
[Simple payback [years] 16 17 29 na 27
Internal ate of return (] 47% 42% 06% -0,7% 1,2%
N [EURIM2] 00 16 -61,2 250 845
(Cost - benefit ratio 09 10 17 21 15
[Analysis of co-benefits | Units [ Dormitory | Hospital | [ office | school | University |  Total
permz
(GDP increase [EURIM2] 56,7 698 683 705, 265
Labour income [EURIM2] 260 320 313 324 122,
Employment (iobs/mz2] 001 002 002 002 01
Monetized CO2 emissions avoided [EURIM2] 000 001 001 0,00 0
Air quality including health impacts [EURIM2] 000 002 005 001 4
improved comfort and services of buildings [EURIM2] 60 60 60 60 24
for the whole stock retrofitted
(GDP increase [million EUR] ; X 101,2 316 163,
Labour income [million EUR] 014 136 464 145 75
Employment jobs 68 6738 23017 7186 37008
Monetized CO2 emissions avoided [million EUR] 0,000 0005 0020 0002 003
Air quality including health impacts [million EUR] 0,000 0,008 0,069 0,005 0,08]
improved comfort and services of buildings [million EUR] 003 25 89 27 14
[Extra: in case if a credit line will be establisH Units [ Dormitory | Hospital | [ office | school | University |  Total
Cost of investors,
Debt service, annual over the loan repayment . [million EURAyr.] 00 5 16 5 25
Cost of administrator (state)
Costs of low interest rate, annual over the loan - [million EURAyr.] 002 2, 6 |
Technical assistance (energy audits, design, ai  [milion EUR] ~ #VALORE! ~ #VALORE! ~ #VALORE!  #VALORE! #VALORE!
Costs and benefits of commercial banks
Provision of loans for investment costs [million EUR] 05 457 1560 487 251
Interest payments from investors [million EUR] 00 46 156 49 25 Cost of energy conserved: Improvement 2
Interest payments from the state [million EUR] 02 22 76 2 123 EURKWhH KWhim2
y x y
1 0a7 0,0 Dormitory 1 017
017 275 017
Cost of energy conserved: Supply curve of energy conserved: 2 oz 275 Hospial PR
Improvement 2 Improvement 2 o021 o021
2z - -
04 office 30
38 -
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Thermal efficiency retrofit of public buildings in Albania, analysis for municipalities by climate zone

The calculations present costs and benefits of thermal efficiency improvement in the public buildings of Albania. The financial analysys of costs and benefits (simple payback period,

NPV, IRR, and cost-benefit-ratio) is limited to the analysis of capital investments, maintenance costs, and saved energy costs . There are other numerious benefits of thermal

efficiency improvement of pubiic buildings. Some of them are monetized in the spreadsheets to give a feeling of their magnitude. They are however not included into the financial
al

[Energy source specific

Energy source price CO2 emission factor Primary-to-final energy factor
2016 [EURKWH] 2030 [EUR/KWI annual growth [%] [9CO2/KWh] KWhKWh]

Electricity 0,104 0,160 1% [ 0
Wood 0024 0,037 1% 0 02
LPG 0,061 0247 5% 227 11
Diesel of 0117 0473 5% 267 12
Solar 0,000 0,000 NIA o 00
Financial analysis
[Measure I Tyears] 30
Discount rate (%] %
Annuity factor %] 6%

[EUR/m2:yr] 05

[Co-benefits of thermal efficiency retrofits per unit of direct investment from the state point of view

(GDP increase [EUR/EUR]

direct [EUR/EUR] 030

multiplier effects [EUR/EUR] 035
Labour income: [EUR/EUR] 030

direct [EUR/EUR] 017

multplier effects [EUR/EUR] 013
|Annual employment [jobs/milion EUR] 148

Employment [jobs/milion EUR] 85

multplier effects [jobs/milion EUR] 63
Monetized CO2 emissions avoided EURICO2 5
Air quality including health impacts EURIMWh 138
improved comfort and services of buildings reflec  [% value] 29 *Assumed estate value is EUR 300 perm2
[Conversion units
[GWn 71 ktoe 1163
[Extra in case if a credit line will be established
Capital structure

‘Share of equity [%] 0%

Share of debt ] 100%
Cost of capital

Equity 6] 14%

Pubiic loan %] 0%

Commercial loan ] 8%
[Debt payment period [years] 10
[Program budget
Program budget million EUR X
Other costs million EUR X
Budget excluding other costs million EUR X
(Other costs as a share of the program budget #VALORE!
Period of implementation [years] x

Building stock
I Units | Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total

Sector Education _ Public health  Education  Other Education _ Education
Retrofit need [thousand m2] 2.2 2085 2047 : 5 1.700

Program results: improvement 1

|§mck retrofitted by the program T Units T
Share of the need /stock]

Dormitory | _Hospital | Kindergarten | _ Office School University Total
100% 100% 100% 100% 100% 100%

100%)

- Loan Amount EUR
- Loan Tenor years
- Interest Rate %

- Interest Rate, subsidized %

Floor area [thousand m2] 629 4 3 7 1.700 municipalities without subsidized rate municipalities vith subsidized rate
I Units [ Dormitory | Hospital | [ __office | sSchool | University | _ Total Debt Service Debt Service
Investment cost, per m2 [EURIM2] 63 80 76 7 77 Interest  Principé Total Debt Service Interest Payment  Principz Total Debt Service
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05 05 05 0 0
Costs of energy conserved [EURIKWH] 013 026 024 022 031 103 0,26/ 1 008 007 015 1 000 010 010
investment cost, total [million EUR] 01 167 477 199 46,0 02 131 2 007 007 015 2 000 010 010
[Energy/CO2 savings vs BAU) | Units [ Dormitory | Hospital | [ office | school | University |  Total 3 0,07 0,08 015 3 0,00 010 010
er m2 4 006 009 015 4 000 010 010
Total CO2 [gc02im2] 1727 5.437 1.754 2,065 545 1.456 1814 5 006 009 015 5 000 010 010
Total primary energy [kwhim2] 34 23 23 21 15 6 20 6 005 010 015 6 000 010 010
Total final energy [kWhim2] 22 19 20 23 16 5 19) 7004 011 015 7 000 010 010
for the whole stock retrofitted 8 003 012 015 8 000 010 010
Total CO2 [tcoz] 4 1 04 505 334 4 3.085 9 002 013 015 9 000 010 010
Total primary energy [Gwh] 008 5 15 5 9 002 34 0 001 014 015 0 000 010 010
Total final energy [Gwh] 01 4 13 6 10 00 32| 049 149 000 100
Total final energy [ktoe] 00 03 11 05 08 00 28
Igaven energy costs.
Saved energy costs vs BAU) | Units | Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total [Changing energy prices.
Year _[Domitoy[Hospital |Em1 [Office _[School _[University [total
Total over measure lifetime (NPV) [EURIM2] 94,13 783 545 603 363 203 517, i 167 477 46,0 1
(Annual over measure lfetime [EURIM2] 544 453 315 349 210 117 30 .477] 1392 63
for the whole stock retrofitted 449
Total over measure lifetime (NPV) [million EUR] 21 6 31 14,76 22,22 006 88
Annual over measure lfetime [million EUR] 001 094 1,98 085 128 0,00 5
Financial analysis I Units | Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total
|simple payback Tyears] 12 18 24 23 na nia 26
internal rate of return 7.1% 3.9% 1.8% 21% -0,6% #NUMH 1.4%
NPV [EURIM2] 01 03 128 49 229 01 411
(Cost - benefit ratio 07 1.0 14 13 21 38 15
[Analysis of co-benefits I Units | Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total
rm2
(GDP increase [EURIM2] 409 519 491 527 487 503 294
Labour income [EURIM2] 187 238 225 242 224 231 135
Employment [iobs/mz2] 001 001 001 001 001 001 o
Monetized CO2 emissions avoided [EURIM2] 000 001 001 000 000 000 o
Air quality including health impacts [EURIM2] 000 001 002 001 001 000 0
improved comfort and services of buildings [EURIM2] 60 6 60 60 60 60 36,
for the whole stock retrofitted
GDP increase [million EUR] \ 108 209 129 209 01 85
Labour income [million EUR] 004 50 14,2 59 137 006 39)
Employment jobs 21 2.462 7.031 2,930 6.789 a1 19.264
Monetized CO2 emissions avoided [million EUR] 0,000 0,001 0,003 0,001 0,001 0,000 001
Air quality including health impacts [million EUR] 0,000 0,001 0011 0002 0,008 0,000 002,
improved comfort and services of buildings [million EUR] 001 13 38 15 37 002 10
[Extra: in case if a credit line will be establish Units | Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total
Cost of investors,
Debt service, annual over the loan repayment . [million EUR/yr.] 00 2 5 2 5 o 13
Cost of administrator (state)
Costs of low interest rate, annual over the loan  [million EUR/yr.] 001 08 2, X . X 6
Technical assistance (energy audis, design, ai  [milion EUR] ~ #VALORE! ~ #VALORE! ~ #VALORE!  #VALORE!  #VALORE!  #VALORE!  #VALORE! Office_[School _[University
Costs and benefits of commercial banks
Provision of loans for investment costs [million EUR] 01 167 a7 199 46,0 02 131 0 03 1,
Interest payments from investors 00 17 48 20 46 00 13 23, 158 4,
Interest payments from the state [million EUR] 01 8 23 10 23 01 64 5, 9.7 0,
Cost of energy conserved: Improvement 1 ‘Supply curve of energy conserved: Improvement 1
EURKWh kWhim2 EURKWh GWh
Cost of energy conserved: Supply curve of energy conserved: y M y M
Improvement 1 Improvement 1 1 013 0,0 Dormitory 1 013 0,0 Dormitory
15 18 013 321 013 01
52 University §§ Uniersity 2 022 321 0fice 2 02  olofice
g% 10 had g5 10 022 553 022 58
50 53
3 chool °3 3 024 553 Kindergarten 3 024 5,8 Kindergarten
&g ™ M 85" g2 oz e oz o
g o 8 4! 4 026 754 Hospital 4 026 184 Hospital
0 2 4w e 8 100 120 140 0 s 1 15 20 25 3 3 026 0% 223
Final energy savings, kWh/m2 Final energy savings, GWh 5 031 94,1 School 5 031 22,3 School
031 031
6 103 110,0 University 6 103 320 University



103 1148 103 320
Program results: improvement 2
Stock retrofitted by the program I Units [_Dormitory Hospital | Kindergarten Office | School | University | Total
Share of the need [o/stock] 100% 100% 100% 100% 64%) municipalities without subsidized rate municipalities vith subsidized rate
Floor area [thousand m2] 2.2 2085 6295 2047 1.085 Debt Service Debt Service
| Units [ Dormitory | Hospital | [ office | school | University |  Total Interest  Principe Total Debt Service Interest Payment Principe Total Debt Service
Investment cost, per m2 [EURIm2] 87 8 105 109 106) 0 0
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05 1 008 007 015 1 000 010 010
Costs of energy conserved [EURIKWH] 015 018 023 0,29 0,24 2 007 007 015 2 000 010 010
Investment cost, total [million EUR] 02 224 663 266 115 3 007 008 015 3 000 010 010
4 006 009 015 4 000 010 010
[Energy/CO2 savings vs BAU) | Units [ Dormitory | Hospital | [ office | school | University |  Total 5 0,06 0,09 015 5 0,00 010 0,10
permz 6 005 010 015 6 000 010 010
Total CO2 [gco2im2] 1.467 7.160 2.224 2.065 3135 7004 011 015 7 000 010 010
Total primary energy [kwhim2] 45 4 32 21 32) 8 003 012 015 8 000 010 010
Total final energy [kWhim2] 34 36 28 23 28 9 002 013 015 9 000 010 010
for the whole stock retrofitted 0 001 014 015 0 000 010 010
Total CO2 [tcoz] 3 1.493 1.400 505 3.401 049 149 000 1,00
Total primary energy [Gwh] 010 9 20 5 34
Total final energy [Gwh] 01 7 17 6 31 [Saved energy coss
Total final energy [ktoe] 00 06 15 05 26 Changing energy prices
D [School _[University Jtotal
Saved energy costs vs BAU) | Units | Dormitory | Hospital | Ki [ __office | school | University | _ Total 1
er m2
Total over measure lifetime (NPV) [EURIM2] 1168 1303 759 603 829)
[Annual over measure lifetime [EURIM2] 68 75 44 35 48
for the whole stock retrofitted
Total over measure lifetime (NPV) [million EUR] 026 27,16 ar17 14,76 %
Annual over measure lfetime [million EUR] 002 157 2,76 085 5
Financial analysis | Units [ Dormitory | Hospital | [ office | school | University |  Total
[Simple payback [years] 13 14 24 na 22
Internal rate of return 96] 6,2% 53% 1.8% 03% 2,3%
N [EURIM2] 01 45 178 114 246
(Cost - benefit ratio 07 08 14 18 13
|Analysis of co-benefits | Units [ Dormitory | Hospital | [ office | school | University |  Total
perm2
GDP increase [EURIM2] 56,7 698 683 705 265
Labour income [EURIM2] 260 320 313 324 122,
Employment (iobs/mz2] 001 002 002 002 01
Monetized CO2 emissions avoided [EURIM2] 000 001 001 0,00 o
Air quality including health impacts [EURIM2] 000 001 002 001 0
improved comfort and services of buildings [EURIM2] 60 60 0 60 24
for the whole stock retrofitted
(GDP increase [million EUR] 01 146 430 173 75)
Labour income [million EUR] 006 67 197 79 34
Employment jobs 29 3311 9776 3923 17039)
Monetized CO2 emissions avoided [million EUR] 0,000 0002 0004 0,001 001
Air quality including health impacts [million EUR] 0,000 0,002 0015 0,002 0,02]
improved comfort and services of buildings [million EUR] 001 13 38 15 7
[Extra: in case if a credit line will be establisH Units [ Dormitory | Hospital | [ office | school | University |  Total
Cost of investors,
Debt service, annual over the loan repayment . [million EURAyr.] 00 2 7 3 12
Cost of administrator (state) 7
Costs of low interest rate, annual over the loan - [million EURAyr.] 001 E .2 K 6 03
Technical assistance (energy audis, design, ai ~ [milion EUR] ~ #VALORE! ~ #VALORE!  #VALORE!  #VALORE! #VALORE! 23.2]
Costs and benefits of commercial banks 5.7
Provision of loans for investment costs [million EUR] 02 224 66.3 266 115
Interest payments from investors [million EUR] 00 22 66 27 12 Cost of energy conserved: Improvement 2 Supply curve of energy conserved: Improvement 2
Interest payments from the state [million EUR] 01 1 32 13 57 EURKWhH KWhim2 EURKWh GWh
y x y
17 015 0,0 Dormitory 1 015 0,0 Dormitory
015 336 015 01
Cost of energy conserved: Supply curve of energy conserved:
Improvement 2 Improvement 2 2 0,18 33,6 Hospital 2 0,18 0,1 Hospital
L o4 12 1093 018 694 018 75
>
52 Ofice 5% 1 3 023 694 Kindergarten 3 023 75 Kindergarten
gz Kindergartdfi ¥ R 023 972 023 250
53 ., Hospital S 53
53 -, Domioy ¢ 53 0881 4 029  972Ofice 4 029 250 Ofice
g E g E Kindetgarten 029 1204 029 307
8 00 8
0 20 4 6 80 100 120 140 0 5 0 15 20 25 3 3%
Final energy savings, kWhim2 Final energy savings, GWh
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Thermal efficiency retrofit of public buildings in Albania, analysis for municipalities by climate zone
Improvement 182
Climate zone c
The calculations present costs and benefits of thermal efficiency improvement in the public buildings of Albania. The financial analysys of costs and benefits (simple payback period,
INPV, IRR, and cost-benefi-ratio) s limited to the analysis of capital investments, maintenance costs, and saved energy costs . There are other numerious benefits of thermal
efficiency improvement of public buildings. Some of them are monetized in the spreadsheets to give a feeling of their magnitude. They are however not included into the financial
analysis.
Energy source specific
Energy source price COZ emission factor Primary-o-final energy factor
2016 [EUR/KWh] 2030 [EUR/KWI annual growth (%] TgCO2/kwh] Twh/kwh]
Electricity 0104 0160 1% o X
Wood 0024 0037 1% 4 02
LPG 0061 0247 5% 227 11
Diesel oi 0117 0473 5% 267 12
Solar 0,000 0,000 NIA 4 00
Financial analysis
Measure fetime Tyears] 30
Discount rate )] 4%
Annuiy factor (6] 6%
Maintenance costs [EURIM2-yr] 05
[Co-benefits of thermal efficiency retrofits per unit of direct investment from the state point of view
(GDP increase [EUR/EUR] 065
direct [EUR/EUR] 030
multplier effects [EUR/EUR] 035
Labour income [EUR/EUR] 030
direct [EUR/EUR] 017
multiplier effects [EUR/EUR] 013
/Annual employment [jobs/milion EUR] 148
Employment [jobs/milion EUR] 85
multplier effects [jobs/milion EUR] 63
Monetized CO2 emissions avoided EURICO2 5
Air quality including health impacts EURIMWh 1,38
improved comfort and services of buildings reflec (% value] 29 *Assumed estate value is EUR 300 perm2
Conversion units
[GWh T kioe 1163
[Extra in case if a credit line will be established
Capital structure
Share of equity 6] 0%
Share of debt %] 100%
Cost of capital
Equity [%] 14%
Public loan (6] 0%
Commercial loan 1] 8%
[Debt payment period [years] 10
Program budget
Program budget million EUR X
Other costs million EUR X
Budget excluding other costs million EUR X
(Other costs as a share of the program budget %] #VALORE!
Period of implementation [vears] X
Building stock
| Units [ Dormitory | Hospital | [ office | school | University |  Total
Sector Education _ Public health  Education  Other Education __ Education
Retrofit need [thousand m2] 15 5.9 419, 31 407.9 18 1119
- Loan Amount EUR 1
- Loan Tenor years 10
Program results: improvement 1 - Interest Rate % 8%
lgmck retrofitted by the program | Units [_Dormitory Hospital | Kindergarten Office. School University Total - Interest Rate, subsidized % 0%
Share of the need [o/stock] 100% 100% 100% 100% 100% 100% 100%)
Floor area [thousand m2] 1 419 163 408 18 1119 municipalities without subsidized rate municipalities vith subsidized rate
| Units [ Dormitory | Hospital | [ office | school | University |  Total Debt Service Debt Service
Investment cost, per m2 [EURIm2] 71 80 71 73 81 82 78] Interest  Principz Total Debt Service Interest Payment  Principz Total Debt Service
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05 05 05 0 0
Costs of energy conserved [EURIKWH] 005 008 009 008 016 014 010, 1008 007 015 1 000 010 010
Investment cost, total [million EUR] 01 101 207 119 331 01 2 007 007 015 2 000 010 010
E 02 savings. vs BAU) | Units [ Dormitory | Hospital | [ __office | sSchool | University | _ Total 3 0,07 0,08 015 3 0,00 0,10 0,10
er m2 4 006 009 015 4 000 010 010
Total CO2 [gco2/m2] 7.552 16.382 1.796 3.926 1147 5.688 3524 5 006 009 015 5 000 010 010
Total primary energy [kWhim2] 52 67 2 33 18 25 21, 6 005 010 015 6 000 010 010
Total final energy [kwhim2] 85 68 49 62 31 37 47, 7004 011 015 7 000 010 010
for the whole stock retrofitted 8 003 012 015 8 000 010 010
Total CO2 [tcoz) 1 2.062 753 641 468 10 3.945 9 002 013 015 9 000 010 010
Total primary energy [Gwh] 008 8 9 5 8 005 31 10 001 014 015 0 000 010 010
Total final energy [owh] 01 8 21 10 13 01 52| 049 1,49 000 1,00
Total final energy [ktoe] 00 07 18 09 11 00 45
[saved energy costs
Saved energy costs vs BAU) | Units [ Dormitory | Hospital | [ office | school | University | Total |Changing energy prices
[Dormit [Kindergar Offic [School_[University Jtotal
Total over measure lifetime (NPV) [EURIM2] 171,41 2295 608 1002 419 805 810, 20,7
Annual over measure lifetime [EURIM2] 9.9 13,27 352 580 277 465 47 4!
for the whole stock retrofitted
Total over measure lifetime (NPV) [million EUR] 025 28,88 25,48 16,35 19,55 015 91
(Annual over measure ifetime [million EUR] 001 167 147 095 113 001 5
Financial analysis | Units [ Dormitory | Hospital | [ office | [ University | Total
[Simple payback [years] 7 6 20 13 18 16
Internal rate of return 96] 11,3% 12.5% 3.0% 6.4% 3.8% 4.4%
N [EURIM2] 01 181 41 43 00 54
Cost - benefit ratio 04 03 12 07 17 10 09
[Analysis of co-benefits | Units [ Dormitory | Hospital | [ office | school | University |  Total
permz
(GDP increase [EURIM2] 460 521 460 472 526 535 297
Labour income [EURIM2] 211 239 211 217 241 246 136,
Employment (iobs/mz2] 001 001 001 001 001 001 o
Monetized CO2 emissions avoided [EURIM2] 000 001 000 000 000 000 0
Air quality including health impacts [EURIM2] 000 001 003 001 002 000 0
improved comfort and services of buildings [EURIM2] 60 60 60 60 60 60 35
for the whole stock retrofitted
(GDP increase [million EUR] 01 66 193 7.7 215 01 55
Labour income [million EUR] 003 30 88 35 98 004 25
Employment jobs 16 1.490 4383 1751 4.880 22 12541
Monetized CO2 emissions avoided [million EUR] 0,000 0,001 0002 0,001 0,001 0,000 0,00
Air quality including health impacts [million EUR] 0,000 0,001 0012 0,002 0,007 0,000 0,02] E
Improved comfort and services of buildings [million EUR] 001 08 25 10 24 001 7 1
4
[Extra: in case if a credit line will be establisH Units [ Dormitory | Hospital | [ office | school | University |  Total 3.8
Cost of investors, 1
Debt service, annual over the loan repayment . [million EURAyr.] 00 1 3 1 3 0 9 5]
Cost of administrator (state)
Costs of low interest rate, annual over the loan  [million EURAyr.] 001 05 15 06 16 . 4
Technical assistance (energy audis, design, ai ~ [milion EUR] ~ #VALORE! ~ #VALORE! ~ #VALORE! ~ #VALORE!  #VALORE!  #VALORE!  #VALORE! University
Costs and benefits of commercial banks
Provision of loans for investment costs [million EUR] 01 101 207 119 331 01 85 0,
Interest payments from investors [million EUR] 00 10 30 12 33 00 9 37,
Interest payments from the state [million EUR] 01 5 15 6 16 01 42 Gwh] 0, 8. 206] 10, 12, 0,
Cost of energy conserved: Improvement 1 Supply curve of energy conserved: Improvement 1
EURKWhH kWhim2 EURKWh GWh
Cost of energy conserved: Supply curve of energy conserved: y b y N
Improvement 1 Improvement 1 1 0,05 0,0 Dormitory 1 0,05 0,0 Dormitory
03 03 005 852 005 01
E School . 2 008 852 Hospital 2 008 0.1 Hospital
] 2 X 2 Hospi X .1 Hospi
§§ 02 University §§ 02 School 008 1527 " 008 86 "
su Kingergarfi o
3 Office 4] " Kindeggarten 3 008 1527 Ofice 3 008  86Ofice
gg o1 w_”ﬁi*—‘ gg o1 t—‘m—‘ 008 2142 008 187
cg —— cg Dormitory
8 40 8 00 4 009 2142 Kindergarten 4 009 187 Kindergarten
0 50 100 150 200 250 300 350 o 10 20 0 W 50 0 009 2634 009 393
Final energy savings, KWh/m2 Final energy savings, GWh 5 014 2634 University 5 014 39,3 University
014 3007 014 393
6 016 3007 School 6 016 39,3 School
016 3321 016



Program results: improvement 2
|Stock retrofitted by the program | Units [ Dormitory Hospital | Kindergarten Office | School | University | Total
Share of the need [o6/stock] 100% 100% 100% 100% 639%) municipalities without subsidized rate municipalities vith subsidized rate
Floor area [thousand m2] 15 1259 4190 1631 709 bt Service ebt Service
| Units [ Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total Interest  Principz Total Debt Service Interest Payment Principe Total Debt Service
Investment cost, per m2 [EURIM2] oL 109 98 9% 0 0
[Maintenance cost, per m2 [EURIM2-yr] 05 05 05 05 05 1008 007 015 1 000 010 010
Costs of energy conserved [EURIKWH] 007 008 010 0,09 0,09) 2 007 007 015 2 000 010 010
Investment cost, total [million EUR] 01 137 410 155 70 3 007 008 015 3 000 010 010
4 006 009 015 4 000 010 010
E /ICO2 savings vs BAU) | Units | Dormitory | Hospital | Ki [ __office | school | University | _ Total 5 0,06 0,09 015 5 0,00 0,10 0,10
per m2 6 005 010 015 6 000 010 010
Total CO2 [gco2/m2] 7.055 21.356 2.420 4562 6282 7004 011 015 7 000 010 010
Total primary energy [kWhim2] 61 101 33 39 47, 8 003 012 015 8 000 010 010
Total final energy [kwhim2] 83 86 70 66, 9 002 013 015 9 000 010 010
for the whole stock retrofitted 10 001 014 015 10 000 010 010
Total CO2 [tcoz] 10 2.688 1014 744 4.457 049 1,49 000 1,00
Total primary energy [Gwh] 009 13 14 6 3
Total final energy [GWh] 01 11 25 11 47} Igaveu energy costs
Total final energy [ktoe] 00 09 21 10 41 Changing energy prices
[Year Do KindergarOffi
|Saved energy costs vs BAU) | Units [ Dormitory | Hospital | [ office | school | University |  Total
perm2
Total over measure lifetime (NPV) [EURIM2] 189,9 3264 863 116,9 1362
Annual over measure lfetime [EURIM2] . 8, 323 209 255,
for the whole stock retrofitted
Total over measure lifetime (NPV) [million EUR] 028 41,08 36,17 19,07 97
[Annual over measure lifetime [million EUR] 0,07 1,04 1355 341 18
Financial analysis I Units | Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total
[Simple payback Iyears] 2 13 3 5 4
internal rate of return %) 10,0% 13.2% 31% 5.5% 6.3%
NPV [EURIM2] 01 263 47 35 253
(Cost - benefit ratio 05 03 11 08 07
[Analysis of co-benefits I Units | Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total
perm2
(GDP increase [EURIM2] 59,0 708 635 615 255
Labour income [EURIM2] 271 25 201 282 117,
Employment [iobs/mz2] 001 002 001 001 01
Monetized CO2 emissions avoided [EURIM2] 000 001 001 0,00 o
Air quality including health impacts [EURIM2] 000 001 003 002 0
improved comfort and services of buildings [EURIM2] 60 60 60 60 24
for the whole stock retrofitted
GDP increase [million EUR] \ 89 266 100 46,
Labour income [million EUR] 004 41 12,2 46 21
Employment jobs 20 2026 6051 2280 10376
Monetized CO2 emissions avoided [million EUR] 0,000 0,002 0,002 0,001 0,00
Air quality including health impacts [million EUR] 0,000 0002 0014 0,003 002,
improved comfort and services of buildings [million EUR] 001 08 25 1.0 4
[Extra: in case if a credit line will be establish Units | Dormitory | Hospital | Ki [ __office | sSchool | University | _ Total
Cost of investors,
Debt service, annual over the loan repayment . [million EUR/yr.] 00 1 4 2 7
Cost of administrator (state)
Costs of low interest rate, annual over the loan  [million EUR/yr.] 001 067 2,01 076 3
Technical assistance (energy audits, design, ai  [milion EUR] ~ #VALORE! ~ #VALORE!  #VALORE!  #VALORE! H#VALORE!
Costs and benefits of commercial banks
Provision of loans for investment costs [million EUR] 01 137 410 155 70
Interest payments from investors [million EUR] 00 14 41 15 7 Cost of energy conserved: Improvement 2 Supply curve of energy conserved: Improvement 2
Interest payments from the state [million EUR] 01 7 20 8 34 EURKWhH kWhim2 EURKWh GWh
y x y x
1 007 0,0 Dormitory 1 007 0,0 Dormitory
007 831 007 01
Cost of energy conserved: Supply curve of energy conserved:
Improvement 2 Improvement 2 2 0,08 83,1 Hospital 2 0,08 0,1 Hospital
< 02 < 02 oass 008 1686 008 109
53 53 0"3:4" 3 009 1686 Ofice 3 009 109 Ofice
22 o ool Oce Kindergarten 22 o Kindergarten 009 2381 00s 222
sg mLt—’ 5g 7 Hospital | Office 4 010 2381 Kindergarten a 010 22,2 Kindergarten
g5 &5 $pomioy 010 2976 010 471
§ §
© o0 © o0
0 s 100 150 200 250 300 350 0 10 20 0 w0 50
Final energy savings, kWhim2 Final energy savings, GWh
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2

Improvement 1
Climate zone A

e calculaonspresent costsand bt oftermalefiency mprovementin the publis buidings of Abania. The iancil analysys o osts and bnefts (smple payback
period, NPV, IRR, and cost-benefitraiio) s limited (o the analysis of capital investments, costs. verious benefits of
nermal efcency improvementof pubicbuidings. Some of hem are oncized e spreadsheels (0 give a feeling of their magnitude. They are however not inluded into the
financial analysi

[Energ;
Source price 'COZ emission factor Primary-to-final energy factor
2016 [EURIKWH] 2030 [EDRIGWH] ToCO2kWh] Twh/kwh]

Electriciy 0104 0,160 o K
wood 0024 0,037 o 02
LPG 0,061 0,247 227 1
Diesel oi 0117 0473 267
Solar 0,000 0,000 o i
[Financial analysis. Units. Value References
Measure lfetime Tyears] 30
Discount rate 16 %
Annuity factor 6 6%
Maintenance costs [EURIm2yr] 05
[Co-beneits of thermal efficiency retrofits per unit of direct investment from e e poneorve
(GDP increase [EURIEUR] [E

direct [EURIEUR] 0%

multplier effects [EURIEUR] 035
Labour income [EURIEUR] 030

i [EURIEUR] 017

mutiplier effects [EUREUR] 013

Employment [obsimillion EUR] 128
irect [obs/million EUR] 8

multplier effects [obs/million EUR] 63
onetzed 02 emissions avided [EURICO2 | 5
i qualty including health im RIMWH]

pact [EUI a
morove comfor nd senvcen f buidings reic 5% valel 2% *Assumed estate valueis EUR 300 permz

ummary of results

e T B 7y T e N T V217
Fotar R @ 7 a0 7 7
Eoelope cost EuRma] H 2 i i i )
HVAC system cost [EUR/M2] 48 66 54 62 56 56|
eirinanes cos [EORImB] 05 05 05 05 05 o
|Annualized total costs [EUR/m2] 41 51 49 52 48 50|
ol ey comsenes (c55) [EvRKWAI 02 oa 03 o5 o4 37
Renking o 1 : 3 ; s 5
[Ene provement vs BAU Units | Dormitory | Tospltal | Kindergarten | Office | School | University |
CO2 emissions [gCO2/m2] 1240 4721 1458 1589 532 849|
Electricity lgco2/m2] 0 0 0 0 0 0|
Woad focooma) 0 o 0 o 0 o
LPG lgco2/m2] 1676 0 491 572 -186 0|
on focoema) 2016 o = s Tia a0
Solar lgco2/mz2] 0 0 0 0 0 0|
erimary eneray iz x5 105 102 155 s 24
ity fwhima 205 17 7 77 52 14
Woor i 0o b E oo 02 pr
s flwhima 81 o0 28 05 oo
oil [kWh/m: 131 212 4 3 97 32 38|
Sor flowhima] oo 5o oo o6 oo
Fina eneray i 29 156 14 20 10
Elctiory Towni; 03 i1 7o a1 vl
Wood flwhima y bt 10 pri
LPG [kWh/m: 2 2 25 -0.8 00|
on flwhima y 51 27 52
Solar [kWh/m: 00 ﬂ 5 01 0.0 00|
[Eaved energy costs Fimprovement vs BAU | Units | Dormitory | Tospital | Kindergarten | Office | School | University |
[ Total over measure lifetime (NPV) [EUR/m: 716 66,2 431 454 291 9,6|
Electricity [EUR/: 437 36 25,0 164 19.7 -2.9|
Woad {EURma] 06 oo 05 32 05 oo
LPG [EUR/m: -152 0.0 45 52 -1.7 0,0|
on {EURma] 5 s 143 @0 106 24
Solar [EUR/m: 00 00 00 0.0 0.0 00|
nnual over measure lfetime EuRma o ass 24 262 16 o
Clcticty EURma Pt 021 ot o5 et o1y
‘Wood [EUR/m: 0,00 0,00 -0,04 013 0,03 0,00|
lre EURma] 08 000 026 03 010 000
o [EURm: 2% 200 e Tas et org
Sor {EURma frd 0% brs 0% 500 05
Fivancial analysrs Tonly saved snergy | Unts | bormitory, | Tospial | Rinderganien | Gifee | Sehool | Unversiy
| Simple paybach [years] 180 230 290 29,0 nia i
el e i rewn i o 20w o o o oM
NPV [EUR/M2] 83 -133 -314 -344 442 -65,2|
Cost - benett ato o5 e ) pel 26 30
i of cobereii's [ Unis T bomioy | Fospia | Kindergarter | office | School [ Universiy
[Gopinaease TEURI @9 5o T %7 w7 %03
Cabour noome {EURma 187 535 25 505 24 o
|Employment [iobs/im?] 0,01 0,01 0,01 0,01 0,01 0,01}
Vit ot amissrsaied (Eumma oo 002 oo 001 00 000
iy g e EURm: 008 002 00z 00 00 00
improvedcomion and senioes o suldings (EURI) 60 B 60 B 60 e
Cost of energy conserved:
Improvement 1, Glimate zone A
s Universit

. -

HE School

3% M

8,

o » 0 w w w
Finalenergy savigs, ki

[t o ]

hangng ene
mmmmmm

of energy conserved
[T [bormionfHospital [KindergafOfice  [School [University |
Ranking of nmns 2§

) —- _
-m—
_

Cost of energy conserved: Improvement 1, Climate zone A
El

URIKWH KWhim2
y x

1 02 00 Domitoy
02 239

2 03  2390fice
0z 413

3 03 413 Kindergarten
03 569

4 03 569 Hospial
0z 722

5 04 722 School
04 843

6 27 843 Universiy
27 861
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2

Improvement
Climate zone

1
B

e calculaonspresent costsand bt oftermalefiency mprovementin the publis buidings of Abania. The iancil analysys o osts and bnefts (smple payback
veriou

period, NPV, R an cos boneiat) s e 0 the analyis of captl e S benotts o
el ey et of bk kangs. Some e e Tonced nhe speadeet o g e ol magnide. oy e howhet e ot 1 he
inancal anays
T
o 0% e Tacior P sy e
SOt R 2030 TECRIRTT ooz o]
ctctiy o104 0150 0 ¥
Wood 0024 0007 0 o2
(o 0061 oot 21 i
Dl ot 017 048 St
o 000 G000 o o
TR i Valie Feiwee
Veasire e earsy %
| Discount rate %] 4%
oty tcir o o
Maintenance costs [EUR/M2] 05
o il 7y 1 B o G0 i T W S S ol o
[ e o el ey el e oot o
direct [EUR/EUR] 0‘30
e efecs {EURELR] o5
| Labour income [EUR/EUR] 030
i {EURELR] 07
multiplier effects. [EUR/EUR] 013
employment obsmilion £UR] T
e lobsimion EUR) o
e efects Bobamilion EUR) H
Monetized CO2 emissions: avmded [EURACO2 ] 5
air quality including health impact [EURMWA] 14
Improved comfort and services of hmlmnus refle (% value] 2% *Assumed estate value is EUR 300 per m2
ummary of resuls
investment and maintenance costs. I Units. [ Duvmuuvy I Hospital | Kindergarten | Office | School | _University
Fota EURIZ] o 7 & 7 7
Erelpe cost {EuRing) 3 14 I B i 2
HVAC system cost [EUR/M2] 48 66 54 62 56 56|
aenance cos [EORImB] 05 05 05 05 05 o
|Annualized total costs [EUR/m2] 41 5.1 49 52 48 50|
ol ey comsenes (c55) [EvRKWAI o1 oa 02 o2 03 io
[Ranking o1 1 : 3 f : t
Ener mprovement vs BAU Units | Dormitory | Hospital | Kindergarten | Office | School | University _|
o2 emissions gcoza] 17z e 175 S £ =
Electrici lgco2/m2] 0 0 0 0 0 of
Weod {ocoame] 0 o 0 o o 3
LPG lgco2/m2] -1890 0 589 765, -265 0|
o {ocoame] se17 sast P 2na1 o 1650
Solar lgco2/mz2] 0 o 0 o 0 of
prmary energy iz w2 24 51 207 P 59
ity fwhima o 1o s 106 0 o
Wood o G0 o0 e i o o0
s flwhima 52 oo 37 15 o0
o fwnim 10 204 52 &7 3 o8
Sor flowhima] 0o 50 5o a5 b
Fina encray o, a1 187 01 62 158 49
Becricy Towni: %0 12 1o ¥ o
Weod flwhima 00 16 s6 21 o0
S fwnim 53 2 34 i b
o flwhima 15 i 106 36 55
Solar [kwWh/m: 0.0 05 01 0.0 00|
[Saved energy costs /improvementvs BAU | Units | Dormitory | Hospital | Kindergarten | Office | School | University |
[ Total over measure lifetime (NPV) [EUR/m 94,1 783 54,5 60,3 36,3 20,3]
Becricy EURm, 577 1 %7 26 6 )
Wood {EURma] s 6o o f 10 o0
LPG [EUR/m: 7.2 0.0 53 6.9 -24 0,0|
o {EURma] EY w0s 72 s Prs 214
Solar [EUR/m: 0.0 0.0 00 0.0 0.0 00|
anust over messur teime EuRma s 158 515 as 210 147
Secricy EURma ot o b 1% b 001
‘Wood [EUR/m: 0,00 0,00 -0,05 0,16 .06 0,00|
v EURma] 0% 000 051 04 o4 009
oil [EUR/m: 3.10 4,65 1,00 242 .69 1,25
Sor {EURma 5o 05 prd a5 50 a5
[Financial analysis / only saved energy I Units. [_Dormitory | Hospital | Kindergarten | Office | School | University
| Simple paybach [years] 14,0 21,0 250 24,0 nia i
el i o reum ) 70 aon ey ) 0% oM
NPV [EUR/M2] 300 3 -204 -200 -37.3 -55,0|
Cost - benet rao o7 1o 1 15 fH $
[Analysis of co-benefits I Units. [ Dormitory | Hospital | Kindergarten | Office | School | University
I—’—sw TEURI e 5 o1 %7 @ 5
"neome {EURma 187 5 s 505 24 o
Annual ‘employment liobs/m2] 0,01 0,01 0,01 0,01 0,01 0,01}
] (Eumma oo 008 oo 001 00 o0l
iy e EURm: 008 008 o0 00 o0 oot
improvedcomion and senioes o suldings (EURI) 60 B 60 B 60 &0
Cost of energy conserved:
Improvement 1, Climate zone B
L
H Universit
% 1o -
2 2
2% School
2T s Hospil
g5 [—
S | oomioy g 4—s—4—
8 0
R W w0
Final energy savings,lhima

[t Tox ]

hanging energy prces

mmmmmm
8| _ EX

of energy conserved
[ [DormitoryfHospital [KindergafOffice [School University ]
4

2]
0.2] 03[ 19|
232[  158] 4,

Cost of energy conserved: Improvement 1, Climate zone 8.

EURIKWh kWhim2
y x

1 01 00 Domitoy
o1 =21

2 02  s1o0fice
02 553

3 02 553 Kindergarten
02 754

4 03 754 Hospial
03 941

5 03 941 School
03 1100

6 10 1100 Universiy
10 1148
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2
Improvement 1
Climate zone c
The clctatons resen cots snd bonefts o heml ey mprovmentin e public buligs of Al The ancil anaysys of cots an benets (e payoack
period, NPV, IRR, and cost-benefitrato) is imited o the analysi of capital investmens, erious benefts of
el ey nprsmentof publ uddigs. Same ot are onesed 1 speadshets o i ocing of he g, They st houewernt e o the
financial analys:
Energ;
Energy source price 'CO2 emission facior Primary to-final energy factor
2016 [EURWH] 2030 [EDRCWH] [9CO2Wh] TOWRIWA]
Elccriity 0104 0160 o 10
Wood 0024 0037 o 02
LG 0061 0247 227 i
Diesel ol o117 0473 267
solar 0,000 0000 o i
Financial analysis Units Value References
Neasure fetime. Tears] 30
Discount rate 2] %
Annuity factor ] 6%
vaintenance costs [EURIm2] 05
'jm s o theal fficency ettt pe ot GrecIvesimont o he siatepot of vew
[GOP ncrease TEUREUR] 06
direct [EUREEUR] 0%
mulipler effects [EUREUR] 035
Labour income [EUREEUR] 030
i [EUREUR] 017
mulipler effects [EUREEUR] 013
Employment obsimillion EUR) 148
direct [obsimillion EUR] 85
mulipler effects obsimillion EUR] 63
onetzed cO? emssions avoded [EURICO? | 5
i quality ncluding health impact [EURIAWN] 14
[mproved comion nd senices o sudings el 5 vael 2% *Assumed estate value 's EUR 300 permz
Summary of results
Investment and maintenance costs. [ Units ] Dormitory Hospital__| Kindergarten | Office | School | University
Fotar TEURImZ] el 7T 7 e 2|
Envelope cost [EURIm2] 15 14 21 19 1 2|
HVAC system cost [EURIM2] 56 66 19 53 62 61
Maintenance cost (EURIm2yr] 05 05 05 05 05 05
(Annualized tota costs [EURIm2] a5 51 a5 a7 52 53
costof energy consened (cE€) [EURAWH] o1 01 o1 01 02 01
Ranking of 1 2 a 3 5 5
Ene mprovement vs BAU Units | Dormitory | Hospital | Kindergarten | Office | School | University | [ s ]
CO2 emissions fgcozima] 7552 16382 7% 3926 T 5658 hanging ene
Electriity {gco2im2] o 0 o 0 o o m o
Wood foco2im2) o 0 o 0 o o
PG fgcoaima] 2647 0 1% 990 199 688
oi foco2im2) 10109 16362 1986 4916 1346 5000|
Solar fgcoama] o o o 0 o o
Primary energy (kWhim2) 521 669 22 30 184 252|
Electricity [kWhim2] 52 101 70 77 59 2|
Wood i 99 34 72 80 35 40
LpG [kWhim2] 12 00 08 48 1
oi kWi 58 736 89 221 61 25|
Solar kWhim2] 00 00 00 00 00 00
Final encrgy (kWi 852 92 615 315 a.2|
Electricity kwhi: 01 69 76 08 P
Wood [kWhim2] 496 2 309 176 201
PG kwihim: a7 08 a4 09 30
o [kWhim2] ¥ 74 184 5 18.7]
Solar kwihim: 00 05 01 00 Y
[Saved energy costs I improvementvs BAU | Units | Dormitory | Hospital | Kindergarten | office | School | University |
Total over measure Ifetime (NPV) TEURIm: 1714 2295 508 002 79 05
Electricity [EUR: 195 215 149 164 210 99|
Wood [EURIm) 250 85 182 01 88 10.1]
PG [EURI: 24,0 00 47 90 18 62
o [EURIm) 1509 225 204 28 199 74,0|
Solar [EUR: 00 00 00 00 00 00
(Annual over measure Iifetime [EURIm2] 991 127 352 580 277 4,65
Electriciy [EURIm2] 113 124 086 085 121 057 02)
Wood [EUR/m: 1,44 049 1,05 116 051 059 ——-xm
LpG [EURIm2] 139 000 010 052 010 036 T T -
ol [EUR: 873 14,02 170 421 115 4,28
Solar [EURIm) 000 000 000 000 000 000
[Financial analysis / only saved energy [ Onits [ Dormitory | Hospital | Kindergarten | Office | hool | University
Smple paybac ears] 00 00 220 160 0
internal rate of retrn 1] 1.3% 125% 30% 6% 06% 8%
NPV [EURIm2] %6 1435 97 265 319 19|
(Cost - benefit ratio 04 03 12 07 17 10
[Analysis of co-benefits [ Units | Dormitory | Hospital | Kindergarten | _ Office | School | University
|_y_m> increase TEUR: 60 521 60 7z 526 535|
income [EURIm2] 211 239 1 217 X 246
st emploment {jobs/m2] 001 001 001 001 001 001
onetzed CO2 emissions avided [EURIm2] 004 008 001 002 001 003
A qualy includng heath mpac [EUR: 012 009 007 008 004 0,05
mprowe comior and senvees o bulings [EURIm2] 600 600 600 600 600 6.00)
Cost of energy conserved:
Improvement 1, Climate zone C
02 9
H School 0.1 0.2
5% 615[3L5[
flo ofge 7O Costo enery consee:Imrovment 1, it zane €
sz y i« . cii
Ep Dorory— S22 —4 EORA W2
§ e y X
S 10 01 00 Domiory
I 01 852
0 0 10 150 0 20 00 0 2 01w rospial
Final energy savings, kWhim2 01 1527
3 01 15270fe
01 212
4 01 2142 Kindergarten
01 2634
5 01 2634 Unversiy
01 3007

6 02 3007 School
02 3321
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2

Improvement
Climate zone

2
A

e calculaonspresent costsand bt oftermalefiency mprovementin the publis buidings of Abania. The iancil analysys o osts and bnefts (smple payback
veriou

period, NPV, IRR, and cost-benelit-aic i imted to the analysis of capial invesT 5 benelts of

remal ficenc inprovmentof pulc buiings. Some of them re onesed 1 speadshets o i ocing of he g, They st houewernt e o the
financial analysi

EX

Souree COZ emission facior Primaryo-nal energy factor
2016 [EURIKWH] 2030 [EORIRW] Toco2Iwn] TRWhWn]

Elecricty 0.104 0160 o X

wood 0024 0087 o 02

PG 0061 0247 21 1

Diesel i o117 0273 267

Solar 0000 0000 o o

Financial analysis Gnits Vaiue References

Weasure Tietme Tears] Y
[Discount rate %] 4%
Annuity factor @] %
[Maintenance costs [EURIm2] 05
[Go el o hrml efency T br U o G Invesiment o 1 sate ot o view
GO ncrease TEUREUR] 05

direct [EUR/EUR] 0‘30

multplier effects [EURIEUR] 035
Labour income [EUR/EUR] 0,30

i [EURIEUR] 017

multiplier effects. [EUR/EUR] 013

Empioyment ffobsimilion EUR] 1%
jrect {fobsimilion EUR] 85

multplier effects (fobsimilion EUR] &
[ Monetized CO2 emissions avmded [EURACO2] 5
i qualty inclucing heaith impac [EURIMWH] 4
Improved comfort and services of hmldlnqs refle (% value] 2% *Assumed estate value is EUR 300 per m2

ummary of results

Investment and maintenance costs. I Units [ Duvmnuvy [__Hospital__| Kindergarten | Office | I
Fotar TEURm2] Bl 06 105 )
Envelope cost [EURMm2] 2 2 3 21
HVAC system cost [EUR/m2] 67 84 76 81
aintenance cost [EURIm2 yr] 05 05 05 05
|Annualized total costs [EUR/m2] 56 67 6.6 68
costof energy consened (cE€) [EURAWH] 02 02 03 03
[Ranking of 1 2 3 4
Ene mprovement vs BAU Units | Dormitory | ospital | Kindergarten | Office | T
CO2 emissions. Tocoama] % 110 1851 T574
Electric fgcoaima) o 0 o 0
Wood {9c02im2) 0 0 0 0
PG fgcoaima] 1826 0 425 567
oi {9c02im2) 2016 6110 1426 281
Solar fgcoama] o o o
(Comults s Ton
Primary energy khim2] 370 374 261 180 <
Electricity [kWhim2] 336 99 179 104 (e Joomionfrospial Tende
Wood m: 09 00 03 07 674 -1076] -105,
LpG [kWhim2] 88 00 21 28 832 109 102,
Oil [kWh/m: 131 215 6.4 97 -79.0| -99.9] -100.:
Solar kWhim2] 00 00 00 746|958 o1,
702] 15| o4
Final energy (kWi 275 304 227 193 656] 870 o1,
Electricty kwihim: 333 98 7 103 ) )
Wood [kWhim2] 44 00 37 756,
LPG [kWh/m: -80 0.0 1 9 26 51,
oi [kWhim2] 109 81
Solar [kwWh/m: -43 ﬂ 9 -0.1 L
[Saved energy costs Jimprovement vs BAU | Units | Dormitory | Fospiial | Kindergarten | Office | T 3
Total over measure lifetime (NPV) [EUR/M: 96.0 1116 62,4 50,6 25,
Electricty [EUR: 7.6 211 381 222 19,
Wood [EURIm2] 22 00 07 1
LPG [EUR/m: 16,6 0.0 39 53 -8,
oi [EURIm2] 432 04 211 20 E
Solar [EUR/m: 0.0 00 00 0.0
[Annual over measure lifetime [EURIm2] 555 645 361 293
Electricty [EURIm2] 414 122 220 128
‘Wood [EUR/m: -013 0,00 -0,04 011
LpG [EURIm2] 096 000 022 031
Oil [EUR/m: 250 523 122 185
Solar [EURIm2] 000 000 000 000
[Financial analysis / only saved energy. I Units [_Dormitory | Hospital | Kindergarten | __ Office ] I
|Simple payback [years] 18,0 20,0 280 nla
ntermal ate of retwrn 2] 47% 42% 06% 07%
NPV [EUR/m2] 83 38 -413 55,8 110,2[ 12.,0] -12,3]
(Cost - benefit ratio 08 10 17 21
[Analysis of co-benefits I Units [_Dormitory | Hospital | Kindergarten | __Office ] I
GDP increase [EUR/m: 56,7 698 68,3 705
income [EURIm2] 260 2, 313 24
Annual ‘employment liobs/m2] 0,01 0,02 0,02 0,02
onetzed CO2 emisions e [EURIm2] 001 003 001 001
i quaitynlucing et m [EUR: 004 004 003 003
improve comior nd servees o bulings [EURIm2] 600 600 600 600
Cost of energy conserved:
Improvement 2, Climate zone A
Lo Office
H Kindergaren® . 02)
82 . 275 304]
3% 02y Dogien—s Cost of energy conserved: Improvement 2, Climate zone A
=3 EURKW KWhim2
I y x
a8 10 02 00 Domiory
8 4 02 215
3 © o o w100 1 F
Final energy savings, kWhim2 0z 579
3 03 579 Kindergarten
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2
Improvement 2
Climate zone &
e calcuatons present coss and beneis of thermal ffincy mprovement n th public buidings of Abania. The nancialanlysys of cots and benefes (mpe payback
period, NPV, IR, and cost-benefit-ratio) is limited to the analys's of capital invest erious benefts of
herma licincy mproement of public buidings. Some of e are onesed 1 speadshets o i ocing of he g, They st houewernt e o the
financial analys:
Energ;
Energy source price 'CO2 emission facior Primary to-final energy factor
2016 [EURWH] 2030 [EDRCWH] [9CO2Wh] TOWRIWA]
Elccriity 0,104 0.160 0 X
Wood 0024 0,037 o 02
LG 0061 0247 227 i
Diesel of o117 0473 267
solar 0,000 0000 o i
Financial analysis Units Value References
Neasure fetime. Tears] 30
Discount rate 2] %
Annuity factor ] 6%
vaintenance costs [EURIm2] 05
'jm s o theal fficency ettt pe ot GrecIvesimont o he siatepot of vew
[GOP ncrease TEUREUR] 06
direct [EUR/EUR] 0%
mulipler effects [EUREUR] 035
Labour income [EUR/EUR] 030
i [EUREUR] 017
mltpler effects [EUR/EUR] 013
Employment obsimillion EUR) 148
direct [obsimillion EUR] 85
mulipler effects obsimillion EUR] 63
onetzed cO? emssions avoded [EURRCO2 | 5
i quality ncluding health impact [EURMWH] 14
[mproved comion nd senices o sudings el 5 vael 2% *Assumed estate valueis EUR 300 perm2
ummary of results
Investment and maintenance costs. I Units [ Duvmuuvy [__Hospital | Kindergarten | __ Office ] I
Fotar TEURImZ] & 8 105 i)
Envelope cost [EURIm2] 20 2 30 27
HVAC system cost [EURIm2] 67 8 76 1
Maintenance cost [EURIm2yr] 05 05 05 05
(Annualized tota costs [EURIm2] 56 67 65 68
costof enery consee () [EURKWA] o1 02 02 03
Ranking of 1 2 3 4
Ene mprovement vs BAU Units | Dormitory | Hospital | Kindergarten | office | T
CO2 emissions Tocozima] 1467 7160 228 2065
Electricity fgcozim2] o 0 o 0
Wood foco2im2) o 0 o 0
PG [gco2Im2] 2149 0 504 765
o foco2im2) 3617 7160 1720 2831
Solar fgcozim2] o 3 o o
[Cumulative cash flow
[Primary energy [kwhim2] 436 8 207
Electricity [kWhim2] 114 220 106 Dormiton mm
Wood [kwh/m 00 41 4 11 —107 -m-m
LPG [kwh/m2] 37 10221064 00[ 00|
oil [kwhim: 322 7 7 127 -xm-m-m
Solar [kWhim2) 00 00 00 “1016]__00]
Final encrgy kwihim: 336 £ 278 22
Electricity [kwhim: 399 13 ar 105
Wood [kWhim2] 00 56
PG TkwWhim: 0 2 2 34
oi [kWhim2] 106
Solar Tkwhim: 25 01
[Saved energy costs Iimprovementvs BAU | Units | Dormitory | Hospital | Kindergarten | office | T
Total over measure Ifetime (NPV) TEURIm: 1168 1303 759 w03
Electricity [EURIm: 858 243 67 226
Wood [EURIM2] 30 ! X 3
PG [EURIm: 195 00 a5 69
oi [EURIM2] 535 1060 255 a9
Solar [EURIm: 00 00 00 00
[Annual over measure Iifetime [EURIM?) 675 753 439 349
Electriciy [EURIM2] 4% 140 270 130
Wood [EURIm: -018 0,00 005 016
LpG [EURIM2] 113 000 026 040
oil [EUR/m: 310 613 147 242
Solar [EURIM2] 000 000 0,00 000
[Financial analysis / only saved energy. I Units [_Dormitory | Hospital | Kindergarten | __ Office ] I
Smple paybac Trears] 50 80 250 250
internal rate of return 2] 62% 53% 18% 03%
NPV [EUR/m2] 282 217 282 465 —-m-m
(Cost - benefit ratio 07 08 14 X
[Analysis of co-benefits I Units [_Dormitory | Hospital | Kindergarten | __Office ] I
l_y_m: increase TEURIm: 67 98 63 705
income [EURIM2] 260 20 313 24
st emploment fjobsim2] 001 002 002 002
onetzea CO2 emissions avoded [EURIM?] 001 004 001 o001
A qualy including heath mpac [EUR/m: 005 005 004 003
improve comior nd servees o bulings [EURIM?] 600 600 600 600
Cost of energy conserved: of eneray conserved
Improvement 2, Climate zone B 1 Ioormionlrospial [Kindergal
e % 1 z
H Office. I_
BE 02 Argaen® _—_
g Hospital KinfETGaTEm
53 o, s —e Gost of energy conserved: improvement 2, Climate zone B
% | oogey—s EURKWh kWhim2
85 g
10 01 00 Domiory
8 oo 01 3
0 2 @ e w10 120 10
Final energy savings, kWhim2 20 gt
3 02 69.4 Kindergarien
02 en2

4 03 en20fke
03 1204
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Thermal efficiency retrofit of public buildings in Albania, analysis per m2

Improvement
Climate zone

2
c

e calculaonspresent costsand bt oftermalefiency mprovementin the publis buidings of Abania. The iancil analysys o osts and bnefts (smple payback
veriou

period, NPV, IRR, and cost-benelit-aic i imted to the analysis of capial invesT 5 benelts of

remal ficenc inprovmentof pulc buiings. Some of them re onesed 1 speadshets o i ocing of he g, They st houewernt e o the
financial analysi

EX

Souree COZ emission facior Primaryo-nal energy factor
2016 [EURIKWH] 2030 [EORIRW] Toco2Iwn] TRWhWn]

Elecricty 0.104 0160 o X

wood 0024 0087 o 02

PG 0061 0247 21 1

Diesel i o117 0273 267

Solar 0000 0000 o o

Financial analysis Gnits Vaiue References

Weasure Tietme Tears] Y
[Discount rate %] 4%
Annuity factor @] %
[Maintenance costs [EURIm2] 05
[Go el o hrml efency T br U o G Invesiment o 1 sate ot o view
GO ncrease TEUREUR] 05

direct [EUR/EUR] 0‘30

multplier effects [EURIEUR] 035
Labour income [EUR/EUR] 0,30

i [EURIEUR] 017

multiplier effects. [EUR/EUR] 013

Empioyment ffobsimilion EUR] 1%
jrect {fobsimilion EUR] 85

multplier effects (fobsimilion EUR] &
[ Monetized CO2 emissions avmded [EURACO2] 5
i qualty inclucing heaith impac [EURIMWH] 14
Improved comfort and services of hmldlnqs refle (% value] 2% *Assumed estate value is EUR 300 per m2

Summary of results

010

Investment and maintenance costs. I Units [_Dormitory Hospital__| Kindergarten | Office | I
Fotar TEURm2] B 8 % %
Envelope cost [EURMm2] 2 2 30 2
HVAC system cost [EUR/m2] 71 85 68 67
aintenance cost [EURIm2yr] 05 05 05 05
|Annualized total costs [EUR/m2] 58 68 6.2 6,0
cos o enegy consencd (C2€) [EURMWH] o1 01 01 01
[Ranking of 1 2 4 3
Ene mprovement vs BAU Gnits | Dormitor Fospital | Kindergarten | Office | T
CO2 emissions. fgcozima] 7055 2135 220 2
Electric {gcozim2) o 0
Wood {9c02im2) o 0 0 0
PG {gcozim2) 3144 0 1 1133
oi {9c02im2) 10199 2135 2400 5695
Solar {gcozima) o 0 o 0
Primary energy khim2] 608 1007 33 .7
Elecuicty [kWhim2] 219 0 152 98
Wood m: 53 08 72 87
LpG kWhim2] 152 0 01 55
oi (kWi 58 %0 108 56
Solar kWhim2] 00 00 00
Final energy (kWi 831 855 S04 695
Electricty kwhi: 217 38 159 907
Wood kWhim2] a3 40 436
LPG [kWh/m: 138 0.0 00 -5,0
oi [kWhim2] 32 23
Solar [kwWh/m: -43 ﬂ 9 -0;
[Saved energy costs Jimprovement vs BAU | Units | Dormitory | Fospiial | Kindergarten | Office | T
Total over measure lifetime (NPV) [EUR/m; 89,9 3264 86,3 1169
Electricty [EURIm; 467 23 209
Wood [EURMm) 208 20 182 220
LPG [EUR/m: 285 0.0 0.1 -103
oi [EURIm2] 1509 161 356 843
Solar [EUR/m: 0.0 00 00 0.0
[Annual over measure lifetime [EURIm) 1098 1887 49 576
Electricty [EURm) 270 048 187 121
‘Wood [EUR/m: ,20 0.12 1,05 127
LpG [EURIm2] 165 000 001 059
Oil [EUR/m: 873 18,28 2,06 487
Solar [EURIm2] 000 000 000 000
[Financial analysis / only saved energy. I Units [ Dormitory | Hospital | Kindergarten | __ Office ] I
| Simple paybach [years] 11,0 9.0 21,0 17,0
ntermal ate of retwrn 2] 10,0% 13.2% 31% 55%
NPV [EUR/m2] 95,2 2089 A1 23
(Cost - benefit rato 05 " 11 08
[Analysis of co-benefits I Units [_Dormitory | Hospital__| Kindergarten | __ Office ] I
GDP increase [EUR/m: 59,0 70,8 635 615
income [EURMm) 271 25 201 262
Annual ‘employment liobs/m2] 0,01 0,02 0,01 0,01
onetzed CO2 emisions e [EURM) 004 011 001 002
i quaitynlucing et m [EURIm; 011 012 008 010
improve comior nd servees o bulings [EURMm) 600 600 600 600
Cost of energy conserved:
Improvement 2, Climate zone C
Lo
H
&%
S Kindergarten
53 o, Hospital Gost of energy conserved: improvement 2, Climate zone C
=3 EURKW KWhim2
I y x
a8 1 007 00 Domioy
8 50 007 w1
0 s w0 1% Z a0 w0 2 oo e el
Final energy savings, kihim2 008 1686
3 009 1686 Offce
000 21
4 ox

2381 Kindergarten
2076

1511]  3004]  133]
mm
mm-m-m
m—-m-m
-m-m-m
-m-m-m

30273 5370l _-m-m-m
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Estimate Stock of public buildings: 2012 | _Dormitory Hospital | Kindergarten Office School University Total
Sector Education Public health Education Education Education
(Owned and occupied by government
Central x x x x
Municipal x x x x x
Retrofit need [m2] 8.971 758.630 2.530.518 856.030 2.463.626 10.955 6.628.729
climate zone A [m2] 5.254 424.273 1.482.059 448.201 1.442.882 6.416 3.809.084
climate zone B [m2] 2231 208.473 629.470 244698 612.831 2725 1.700.429
climate zone C [m2] 1.485 125.883 418.989 163.132 407.913 1814 1.119.216
Total area
Hospitals
Offices.
[Education
Stock of public buildings, 2012
total climate zone 1__|climate zone 2__|climate zone 3
[Hospitals [number of buildin| 637] 313] 189}
Offices [number of buildin| 544 297 198
[Education [number of buildin| 3753 1594 1061
School inumber of buildin
Kindergarden  |[number of buildin|
Universities  ([number of buildiny
Dormitories [number of buildin|
Floor area of public buildings, 2012
ini total
Hospitals m:
Offices [m:
Education [m:
School m:
Kindergarden  |[m2] INSTITUTIONS OF HEALTH .
" Institucione Shndetgsore 2009 20 20m 202 Heakth mstitutions
Universites and ([m2] [ o wme  wn wm wn
Dormitories [m2]
e IEEEEE st am am mmes
= 475 s a1 - healthcem
Horpalzed ersons 250407 200362 207291 200727
Institutions of health bt OO ~ Ambuanca 772 1 1970 199 — Ambuiances
inhabitar o ] -~ - ] ) - Poliklinika 6. 46 46 47__- Polyclinics.
hospitals Average length of stay (in days) 57 58 57 61 55 Vizita gjithsej (mijé) 5.749 6551 6.925 6.983  Total visits (thousands)
e e Coysnbedmized tnmousond) 1509 14| lAod 1ses a2 o e tae
num SedoccupancyGnoy) m e e mom
ealth centers —r——— e o Numrl | spialeve 44 a4 aa a4 numberorhospials
EI I i shtretérve spitalor 8805 6707 892 5410 Number of hospital beds
polyclinics il o R Té sheruar n spitale 0028407 200562 247391
“raycincs P I Ao banore " o A s e
total healthcare fa s7s essi ;s e e Dite qendrim mesatar 57 58 57 61 Averagelengtholstay (indays)
larowth rate of institutions of health | ey ey Ditesheretér & realimmr (mij) 1509 1472 1404 1505 _Days in bed realized (thousands)
tef: INSTAT. Albania in figures 2013 Shiyeezimi | shrati (ije) e el m ndays)
oo smat 3029 5 2 bedtunover
Educational institutions Konsultori | Gruas. ‘Women's Consutancy
Konsutoreve 2006 tos 207 20m
pre-shool e Institucione arsimore TN T -
. ducational instituti inconsuftat
public 50% Educational fons 168 179 161 Visit's in consultation, rural (thousands)
iy nd [t
private 2090 2142 2113 child
P [——
public 38% 144 150 B Urban
upper sec total o
private Giithsej 3.844 3.941 3.952 3.934 Total 1012 992 973 Visit'sincorsultation (thousands)
pubiic 1% pshie 17991907 1911 1900 Pre-school T o e T
tertiary I sektor privat 50 s 1
private Sviecare Tase 1473 1472 Taca _ Primary &Lower sec.
public 0.4% sektori privat o 12 1z private sactor
total total I mesém 508 507 511 512 Upper secondary
private sektori privat 24124 126 126 private sector
[public Tiarts 954 5s 55 Tertay
ref.; INSTAT. Albania in figures 2013 sektori privat 30 a3 a4 44 private sector
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ref.: Szabo, Laszlo, Andras Mezosi, Zsuzsanna Pato, and Slobodan Markovic. 2015. “Support for Low-Emission Development in South Eastern Europe (SLED). Electricity Sector Modelling Assessment in Montenegro.”

version: 31.08.2015 1
REF REF REF REF
2015 2020 2025 2030

Prices Baseload | 65,1192 | 46,65187 | 54,81025 | 57,92356 Unit Euro/MWh
Peakload | 76,91525 | 51,12438 | 59,47422 | 60,03272
Total gene| 3410,044| 4508,702| 5152,331| 5648,524
Nuclear 0| 0 0| 0
Coal and li 0| 0 0| 0
Natural gag 0| 18,70527| 41,09407| 108,2827|
Generatio [Hydro 3374,894| 4354,943| 4755,583( 5078,831
nmix, |Wind 0| 55,1869| 114,9727| 183,9563|
GWh  [Biomass 32,79678| 32,79678| 161,2509| 161,2509)
HFO, LFO 0| 0 0| 0
PV 2,353491 47,06982( 79,43032| 116,2036)
AL 0| 0 0| 0
Net export | -4471,17| -4721,38| -5610,14| -6805,81
[ Total const 0| 120,2482| 262,1163| 690,6752
Fuel ol and f 0 o 0 o
on, TJ Natural gag 0| 120,2482| 262,1163| 690,6752
HFO, LFO 0| 0 0| 0
[ Total emis: 0| 6,712254| 14,63133| 38,55349
CO2 [Coal and i 0| 0 0| 0
emission Natural gag 0| 6,712254| 14,63133| 38,55349
HFO, LFO 0| 0 0| 0
Consumer| 25,60573| 30,08003| 35,0298| 40,51806]
Surplus |Producer | 222181,8| 208154,3| 2812726 321829
Rent 17520,65( 8350,113( 3287,581| 2781,752]
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Dormitory Hospital Kindergarten Office School University  |Additional insulation
Cimited
insulation, singlg
2 windows with
@ metalic frame
S |Limited and double Limited Limited Limited Limited
§ ir singlginsulation, singlginsulation, singlginsulation, singlg
Q- |glazed windows|with glazed wir i double windows|
with metallic \wood/plastic with metallic | with metallic windows with  |with metallic
frame frame frame frame metallic frame _|frame
Additional External wall - 0 cr
c insulation, singlg Wall to unheated space - 0 ci
2 \windows with Attic slab - 5 cm
g metallic frame Cellar ceiling - 3 cm
$ |Additional and double Additional Additional Additional Additional Arcade slab - 0 cm
5 i ir i ion, singlginsulation, singlginsulation, singlginsulation, singlgFlat roof - 3 cm
é glazed wir glazed wir windows|or double indc roof - 10 cm
with metallic \wood/plastic with metallic with metallic windows with  |with metallic Floor on the ground - 0 cm
frame frame frame frame metallic frame _|frame Walls to the ground - 3 cm
[Externarwall - 5 cr
o Wall to unheated space - 5 ci
+ |Additional Additional Additional Additional Additional Additional Attic slab - 10 cm
g insulation, insulation, insulation, insulation, insulation, insulation, Cellar ceiling - 5 cm
2 |double glazed [double glazed |double glazed |double glazed |double glazed |double glazed |Arcade slab - 10 cm
g windows with ~ fwindows with  {windows with  |windows with  (windows with  |windows with  |Flat roof - 5 cm
E |metallic frame |metallic frame |metallic frame [metallic frame |metallic frame [metallic frame |Pitched roof - 10 cm
and noble gas |and noble gas |and noble gas |and noble gas [and noble gas [and noble gas |Floor on the ground - 5 cm
filling filling filling filling filling filling \Walls to the ground - 5 cm
External wall - 8 cr
~ 'Wall to unheated space - 8 ci
2 Attic slab - 10 cm
g Additional Additional Additional Additional Additional Additional Cellar ceiling - 8 cm
Q |insulation, triple [insulation, triple |insulation, triple |insulation, triple |insulation, triple |insulation, triple |Arcade slab - 10 cm
£ |glazed wir i i i i i lat roof - 5 cm
E |with metallic with metallic with metallic with metallic with metallic with metallic Pitched roof - 10 cm
frame and and r and and r and and noblgFloor on the ground - 5 cm
gas filing gas filing gas filing gas filing gas filing gas filing Walls to the ground - 5 cm

Additional insulation

BAU renovation

Improvement 1

Improvement 2

Xternal wall -
Wall to unheated space - O ci
Attic slab - 5 cm
Cellar ceiling - 3 cm
Arcade slab - 0 cm
Flat roof - 3 cm
Pitched roof - 10 cm
Floor on the ground - 0 cm
\Walls to the ground - 3 cm

Xternal wall -

all to unheated space - 5 c

Attic slab - 10 cm

Cellar ceiling - 5 cm
Arcade slab - 10 cm

Flat roof - 5 cm

Pitched roof - 10 cm

Floor on the ground - 5 cm
\Walls to the ground - 5 cm

Xternal wall - 8 ¢t
all to unheated space - 8 c
Attic slab - 10 cm

Floor on the ground - 5 cm
\Walls to the ground - 5 cm
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Heating Cooling Yearly global radiation
HDD |zH CDD |zC North| Easf South Wept Glohal
hK/a h/a hK/a | h/a kWh/(mza)

Zone A| 1330| 4368,0 665 4392|0 372 951 1234 924 1552
Zone B[ 1673,4 4368,0 756|8 4393,0 372 951 1P34 P24 1552
Zone C| 2600| 4368,0 385(1 22080 362 922 1195 B78 1480
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Dormitory| Hospita| Kindergarten Offige Schgol Univer;

Ventilation [1/h] 0,5 0,9 0,9 0,8 0,9 0,9
Internal heat gain [W/r"ﬂ] 7,5 9 7,5 8,5 7,5 8,75
Design temperature winter [°C] 20
Design temperature summer [°C] 26

Present 20 20 8 2 0 5
DHW demand (BAU renovation 20 20 12 2 8 5
[kWh/m?] Standard renovatior] 20 16 10 15| 7 10

Ambitious renovation 20 16 8 1,5 7 10
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Heated hours [h/week]

k2

Renovation options|Present BAU Improvement |1 Improvemen
Dormitory 42 126 126 126
Hospital 56 168 168 168

Zone A Kin_dergarten 30 50 50 50
Office 30 50 50 50
Schools 20 40 40 NA
University 20 40 40 NA
Dormitory 42 126 126 126
Hospital 56 168 168 168

Zone Kin_dergarten 30 50 50 50
Office 30 50 50 50
Schools 20 40 40 NA
University 20 40 40 NA
Dormitory 49 133 133 133
Hospital 63 168 168 168

Zone O Kin_dergarten 35 55 55 55
Office 35 55 55 55
Schools 25 45 45 NA
University 25 45 45 NA

Cooled hours [h/week]

Renovation options|Present BAU Improvement |1l Improvemen
Dormitory 0 56 56 56
Hospital 42 70 70 70

Zone A Kin_dergarten 30 50 50 50
Office 40 50 50 50
Schools 15 30 30 NA
University 15 30 30 NA
Dormitory 0 56 56 56
Hospital 42 70 70 70

Zone Kin_dergarten 30 50 50 50
Office 40 50 50 50
Schools 15 30 30 NA
University 15 30 30 NA
Dormitory 0 0 0 0
Hospital 0 0 0 0
Kindergarten 0 0 0 0

Zone O tfice 0 0 0 0
Schools 0 0 0 NA
University 0 0 0 NA




Ventilated hours [h/week]

Renovation options|Present BAU Improvement |1 Improvemen
Dormitory 42 126 126 126
Hospital 56 168 168 168

Zone A Kin_dergarten 30 50 50 50
Office 30 50 50 50
Schools 20 40 40 NA
University 20 40 40 NA
Dormitory 42 126 126 126
Hospital 56 168 168 168

Zone Kin_dergarten 30 50 50 50
Office 30 50 50 50
Schools 20 40 40 NA
University 20 40 40 NA
Dormitory 49 133 133 133
Hospital 63 168 168 168

Zone O Kin_dergarten 35 55 55 55
Office 35 55 55 55
Schools 25 45 45 NA
University 25 45 45 NA




HILCIrcy
CENTRAL EUROPE

nion
o Fund

@

Heated floor areas [%]

Renovation options |Present| BAU| Improvement 1f Improvement P
Dormitory 69 90 90 100
Hospital 58 80 100 100

Zone A Kin_dergarten 78 80 100 100
Office 61 90 100 100
Schools 70 80 100 NA
University 72 80 80 NA
Dormitory 69 90 90 100
Hospital 58 80 100 100

Zone Kin_dergarten 78 80 100 100
Office 61 90 100 100
Schools 70 80 100 NA
University 72 80 80 NA
Dormitory 69 90 90 100
Hospital 58 80 100 100

Zone O Kin_dergarten 78 80 100 100
Office 61 90 100 100
Schools 70 80 100 NA
University 72 80 80 NA

Cooled floor areas [%]

Renovation options |Present| BAU| Improvement 1f Improvement P
Dormitory 0 20 50 70
Hospital 17 50 80 90

Zone A Kindergarten 22 30 50 80
Office 40 70 90 100
Schools 0 30 50 NA
University 40 40 40 NA
Dormitory 0 20 50 70
Hospital 17 50 80 90
Kindergarten 22 30 50 80

Zone -

Office 40 70 90 100
Schools 0 30 50 NA
University 40 40 40 NA
Dormitory 0 0 0 0
Hospital 0 0 0 0
Kindergarten 0 0 0 0

Z0ne G trice 0 | o0 0 0
Schools 0 0 0 NA
University 0 0 0 NA




Ventilated floor areas [%0]

Renovation options |Present| BAU| Improvement 1f Improvement P
Dormitory 0 20 30 50
Hospital 0 30 40 60
Kindergarten 0 0 20 50

Zone Al ffice 0 | 10 50 60
Schools 0 0 50 NA
University 0 5 5 NA
Dormitory 0 20 30 50
Hospital 0 30 40 60

Zone Kin_dergarten 0 0 20 50
Office 0 10 50 60
Schools 0 0 50 NA
University 0 5 5 NA
Dormitory 0 20 30 50
Hospital 0 30 40 60
Kindergarten 0 0 20 50

Z0ne Ui tfice 0 | 10 50 60
Schools 0 0 50 NA
University 0 5 5 NA
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Dormitory
Present and BAY Improvement 1| Improvement

NJ

Direct electric
0, 0,
heating, 80%, Heat pump, 80%,Heat pump, 60

= 0, = 0,
15=100% SCOP=300% | SCOP=400%
Wooden stove,| Pellet boiler, 0%)] Pellet boiler,
. _ 0%, n,=60% N,=85% 20%,m,=85%
Climatic zone 4 Gas boiler (low Gas boiler
Gas boiler, 0%,

temperature), | (condensing),
= 0
n=80% 20%,m,=90% | 20%,1,=98%

Oil boiler, 20%, | Ot oiler (fow | il boiler (low
=80% temperature), 0% temperature), 0
v N,=90% 1,=95%

Direct electric
0, 0,
heating, 80%, Heat pump, 80%,Heat pump, 60

= 0, = 0,
15=100% SCOP=300% | SCOP=400%
Wooden stove,| Pellet boiler, 0%)] Pellet boiler,
_ . 0%, 1n,=60% N,=85% 20%,m,=85%
Climatic zone B Gas boiler (low Gas boiler
Gas boiler, 0%,

temperature), | (condensing),
= [0)
n=80% 20%,m,=90% | 20%,1,=98%

Oil boiler, 20%, | Ot oiler (fow | il boiler (low
=80% temperature), 0% temperature), 0
v N,=90% 1,=95%

Direct electric
0, 0
heating, 15%, Heat pump, 40%,Heat pump, 40

np=100% SCOP=300% | SCOP=400%
b=

Wooden stove,| Pellet boiler, Pellet boiler,
50%,1,=60% 40%,n,=85% 40%,1,=85%

Gas boiler, 0%, Gas boiler (low Gas b0|!er
~80% temperature), [ (condensing),
" 20%,1,90% | 20%,7,=98%

Oil boiler, 35%, | Ot Poiler (fow | il boiler (low
=80% temperature), 0% temperature), 0
v N,=90% 1,=95%

Climatic zone ¢
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Hospital

Present and BAU

Improvement 1

NJ

Improvement

Heat pump, 759
SCOP=220%

Heat pump, 90%
SCOP=300%

Heat pump,
100%,
SCOP=400%

Wooden stove,

Pellet boiler, 0%

Pellet boiler, 0%

Climatic zone A

N,=80%

0%, n,=60% Ny=85% N,=85%
Gas boiler, 0%, Gas boiler (Iovxé Gas poﬂer i
_g00, |l€mperature), 0% (condensing), O
b np=90% N,=98%
Oil boiler, 25%, Oil boiler (low | Oil boiler (low
temperature), [temperature), 09

SCOP=220%

10%,1,=90% N5=95%
Heat pump, 7504,Heat pump, 90%, St PUMP,
PUmp, [oVpTET U = 100%,

SCOP=300%

SCOP=400%

Wooden stove,

Pellet boiler, 0%

. Pellet boiler, 0%

Climatic zone B

N,=80%

O%!nb:60% T]b:85% nb:85%
Gas boiler, 0%, Gas boiler (Iovxé Gas poﬂer i
_g00, |l€mperature), 0% (condensing), O
" n,=90% n,=98%
Oil boiler, 25%, Oil boiler (low | Oil boiler (low
temperature), |temperature), 09

T]b:95%

Heat pump, 159
SCOP=220%

Heat pump, 50%
SCOP=300%

,Heat pump, 509
SCOP=400%

Climatic zone ¢

N,=80%

Wooden stove,| Pellet boiler, | Pellet boiler,
50%,n,=60% | 30%,n,=85% | 50%,n,=85%
Gas boiler, 0%, S35 boler (lov‘(’) Gas boiler 0
_g09, |l€mperature), 0% (condensing), O
" n,=90% n,=98%
Oil boiler, 35%, Oil boiler (low | Oil boiler (low
temperature), [temperature), 09

20%,1,=90%

T]b:95%




HILCSIrcy
CENTRAL EUROPE &5

@

Kindergarten

Present and BAU

Improvement 1

NJ

Improvement

Direct electric
heating, 74%,

Heat pump, 749
SCOP=300%

,Heat pump, 73%
SCOP=400%

Climatic zone £

Gas boiler, 10%
nb:80%

N,=100%
Wooden stove,| Pellet boiler, Pellet boiler,
4%, 1,=60% 12%,1,=85% 15%,1,=85%
Gas boiler (low Gas boiler

temperature), 89
Nb=90%

(condensing),
12%,1m,=98%

Oil boiler, 12%,
N,=80%

Oil boiler (low
temperature), 69
T]b:90%

Oil boiler (low
temperature), 09
T]b:95%

Direct electric
heating, 74%,

Heat pump, 749
SCOP=300%

,Heat pump, 73%
SCOP=400%

Climatic zone B

Gas bhoiler, 10%
nb:80%

N,=100%
Wooden stove,| Pellet boiler, Pellet boiler,
4%, 1,=60% 12%,1,=85% 15%,1,=85%
Gas boiler (low Gas boiler

temperature), 89
Nb=90%

(condensing),
12%,1m,=98%

Oil boiler, 12%,
N,=80%

Oil boiler (low
temperature), 69
T]b:90%

Oil boiler (low
temperature), 09
T]b:95%

Direct electric
heating, 21%,

Heat pump, 459
SCOP=300%

,Heat pump, 40%
SCOP=400%

Climatic zone ¢

Gas boiler, 4%,
nb:80%

N,=100%
Wooden stove,| Pellet boiler, Pellet boiler,
60%,1,=60% 35%,1,=85% 40%,n,=85%
f Gas boiler (low Gas boiler

temperature),
10%,1m,=90%

(condensing),
10%,n,=98%

Oil boiler, 15%,
N,=80%

Oil boiler (low
temperature),

Oil boiler (low
temperature),

10%,1,=90%

10%,1,=95%




HILCSIrcy

CENTRAL EUROPE &5

@

Offi

ce

Present and BAU

Improvement 1

NJ

Improvement

Direct electric

pump, 70%,
SCOP=150%

heating and hedtHeat pump, 809

SCOP=300%

,Heat pump, 70%
SCOP=400%

Climatic zone £

ﬂb:80%

Wooden stove,| Pellet boiler, 5%} Pellet boiler,

10%,n,=60% Nb=85% 10%,n,=85%

Gas boiler. 0%, Gas boiler (low Gas b0|!er
temperature), | (condensing),

15%,1,=90%

20%,1,=98%

Oil boiler, 20%,
N,=80%

temperature), 09

Oil boiler (low

T]b:90%

Oil boiler (low
temperature), 09
ﬂb:95%

Direct electric

heating and hegtHeat pump, 809

,Heat pump, 70%

Climatic zone B

ﬂb:80%

pump, 70%, SCOP=300% | SCOP=400%
SCOP=150%
Wooden stove,| Pellet boiler, 5%} Pellet boiler,
10%,n,=60% Nb=85% 10%,n,=85%
Gas boiler. 0%, Gas boiler (low Gas boi!er
temperature), | (condensing),

15%,1,=90%

20%,1,=98%

Oil boiler, 20%,
N,=80%

temperature), 09

Oil boiler (low

T]b:90%

Oil boiler (low
temperature), 09
ﬂb:95%

Climatic zone ¢

Direct electric

heating and hegtHeat pump, 209

,Heat pump, 15%

Gas boiler, 4%,

pump, 21%, SCOP=300% | SCOP=400%
SCOP=150%
Wooden stove,| Pellet boiler, Pellet boiler,
54%,1,=60% 60%,1,=85% 60%,1,=85%
Gas boiler (low Gas boiler

1,=80%

temperature), | (condensing),

- 0

np=80% 10%,1,=90% | 15%,1,=98%

Oil boiler, 15%, Oil boiler (low | Oil boiler (low
temperature), | temperature),

15%,1,=90%

10%,1,=95%




MHmiIltCIIrcy
CENTRAL EUROPE &5

School

Present and BAU

Improvement 1

Direct electric
heating, 76%,

Heat pump, 809
SCOP=300%

Climatic zone £

nb=80%

N,=100%
Wooden stove,| Pellet boiler, 0%
4%, 1,=60% Np=85%
Gas boiler. 4%, Gas boiler (low
temperature),

15%,1,=90%

Oil boiler, 16%,
N,=80%

Oil boiler (low
temperature), 59
T]b:90%

Direct electric
heating, 76%,
N,=100%

Heat pump, 809
SCOP=300%

Wooden stove,

Pellet boiler, 0%

Climatic zone B

nb=80%

6%,M,=60% Nb=85%
Gas boiler. 4%, Gas boiler (low
temperature),

15%,1,=90%

Oil boiler, 14%,
N,=80%

Oil boiler (low
temperature), 59
T]b:90%

Direct electric
heating, 27%,
N,=100%

Heat pump, 209
SCOP=300%

Wooden stove,
54%,1,=60%

Pellet boiler,
60%,1,=85%

Climatic zone ¢

L

Gas boiler, 4%,
nb=80%

Gas boiler (low
temperature),
10%,1m,=90%

Oil boiler, 15%,
N,=80%

Oil boiler (low
temperature),

10%,1,=90%




HmiIltCSIrcy

CENTRAL EUROPE &=

nion
97zl
Fard

@

University

Present and BAU

Improvement 1

Heat pump, 84%

SCOP=220%

Heat pump, 95%
SCOP=300%

Wooden stove,
0%, 1,=60%

Pellet boiler, 0%
N,=85%

Climatic zone A

Gas boiler, 0%,
T]b:80%

Gas boiler (low
temperature), 09
Nb=90%

Oil boiler, 20%,
Ny=16%

Oil boiler (low
temperature), 59
T]b:90%

Heat pump, 80%

SCOP=220%

,Heat pump, 95%
SCOP=300%

Wooden stove,
0%, 1,=60%

Pellet boiler, 0%
N,=85%

Climatic zone B

Gas boiler, 0%,
T]b:80%

Gas boiler (low
temperature), 09
Nb=90%

Oil boiler, 20%,
N,=80%

Oil boiler (low
temperature), 59
T]b:90%

Heat pump, 15%
SCOP=220%

,Heat pump, 35%
SCOP=300%

Climatic zone ¢

Wooden stove,
45%,m,=60%

Pellet boiler, 559
N,=85%

L

Gas boiler, 5%,

Gas boiler (low
temperature), 09

e [0)
Np 80% nb:go%
Ol boiler, 359, | O boiler (low
temperature),

1,=80%

10%,1,=90%




HiILtCIrcy
CENTRAL EUROPE £

| TOGETHER

Dormitory

@

Present

BAU

Improvement 1

Improvement 2

Direct electric
heating, 80%,

Direct electric
heating, 90%,

Direct electric
heating, 80%,

Heat pump, 609
SCOP=400%

Climatic zone A
N,=80%

N,=80%

Np=98% Np=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, np,=60% 0%, n,=60% Np=85% Np=85%
Gas boiler, 0%, Gas boiler, 0%, Gas boiler (low Gas b0|!er
\ temperature), | (condensing),

20%,1,=90%

20%,1,=98%

Oil boiler, 20%,
Np=80%

Oil boiler, 10%,
Np=80%

Qil boiler (low
temperature), 09

temperature), 09

Qil boiler (low

Np=90% Np=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 20%

Direct electric
heating, 80%,

Direct electric
heating, 90%,

Direct electric
heating, 80%,

Heat pump, 609
SCOP=400%

Climatic zone H
N,=80%

N,=80%

Nb=98% Nb=98% nb=98%
Wooden stove,l] Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, 1n,=60% N,=85% N,=85%
Gas boiler, 0%, Gas boiler, 0%, Gas boiler (low Gas b0|!er
B temperature), | (condensing),

20%,1,=90%

20%,1,=98%

Oil boiler, 20%,
N,=80%

Oil boiler, 10%,
N,=80%

Oil boiler (low
temperature), 09

Oil boiler (low
temperature), 09

nb:90% nb:95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 20%

Direct electric
heating, 35%,

Direct electric
heating, 50%,

Direct electric
heating, 40%,

Heat pump, 509
SCOP=400%

. Gas boiler, 0%,

Climatic zone €
N,=80%

Gas boiler, 0%,
N,=80%

Np=98% Np=98% nb=98%
Wooden stove,|] Wooden stove,| Pellet boiler, Pellet boiler,
30%,1,=60% | 40%,n,=60% | 40%,n,=85% | 20%,n,=85%
Gas boiler (low Gas boiler

temperature),
20%,1,=90%

(condensing),
20%,1,=98%

Oil boiler, 35%,
N,=80%

Oil boiler, 10%,
Np=80%

Oil boiler (low
temperature), 09

Oil boiler (low
temperature), 09

Np=90% Np=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 10%




HiILtCIrcy
CENTRAL EUROPE £

@

Hospital

Present

BAU

Improvement 1

Improvement 2

Direct electric
heating, 45%,

Direct electric
heating, 55%,

Direct electric
heating, 80%,

Heat pump, 809
SCOP=400%

Climatic zone A

Np=98% Np=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, np,=60% 0%, n,=60% Np=85% Np=85%
Gas boiler (low Gas boiler

Gas boiler, 0%,
N,=80%

Gas boiler, 0%,
N,=80%

temperature), 09

(condensing),

Nb=90% 0%, 1n,=98%
Ol boiler, 50%,| Ol boiler, 40%,| O" Poiler (low ) il boiler (low
’ ’ ! | temperature), [temperature), 09

N,=80%

N,=80%

10%,71,=90% Np=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
5% 5% 10% 20%

Direct electric
heating, 45%,

Direct electric
heating, 55%,

Direct electric
heating, 80%,

Heat pump, 809
SCOP=400%

Climatic zone H

Nb=98% Nb=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% Np=85% Np=85%
Gas boiler (low Gas boiler

Gas boiler, 0%,
N,=80%

Gas boiler, 0%,
N,=80%

temperature), 09

(condensing),

np=90% 0%,1,=98%
Oil boiler, 50%.| Oil boiler, 40%,| ' Poiler (low | Qil boiler (low
=80% ~80% temperature), |temperature), 09
i v 10%,1,=90% ny=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
% 5% 10% 20%

Direct electric
heating, 100%,

Direct electric
heating, 100%,

Direct electric
heating, 40%,

Heat pump, 509
SCOP=400%

Climatic zone (

Np=98% Np=98% nb=98%
Wooden stove,|] Wooden stove,| Pellet boiler, Pellet boiler,
0%, np,=60% 0%, n,=60% 30%,1,=85% | 30%,1,=85%
Gas boiler (low Gas boiler

. Gas boiler, 0%,

Gas boiler, 0%,

temperature), 09

(condensing),

= 0 - [0)
np=80% np=80% n5=90% 0%, 1,=98%
Oil boiler, 0%, | Oil boiler, 0%, Oil boiler (low | Oil boiler (low
_ _ temperature), [temperature), 09
Nb=80% Nb=80% _ _
20%,Mm,=90% Nb=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 10% 20%




HiILtCIrcy
CENTRAL EUROPE £

@

Kindergarten

Present

BAU

Improvement 1

Improvement 2

D

Climatic zone A

Direct electric
heating, 74%,

Direct electric
heating, 74%,

Direct electric
heating, 69%,

Heat pump, 639
SCOP=400%

Gas boiler, 10%
N,=80%

A

,Gas boiler, 10%
N,=80%

Np=98% Np=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, Pellet boiler,
4%, 1,=60% 4%, 1,=60% 12%,m,=85% | 15%,n,=85%
Gas boiler (low Gas boiler

‘temperature), 89
Np=90%

(condensing),
12%,1,=98%

Oil boiler, 12%,
Np=80%

Oil boiler, 12%,
N,=80%

Qil boiler (low
temperature), 69

Qil boiler (low
temperature), 09

N,=90% Np=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 5% 10%

Direct electric
heating, 74%,

Direct electric
heating, 74%,

Direct electric
heating, 69%,

Heat pump, 639
SCOP=400%

Climatic zone H

Gas boiler, 10%
N,=80%

J

,Gas boiler, 10%
N,=80%

Nb=98% Nb=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, Pellet boiler,
4%, 1,=60% 4%, 1,=60% 12%,m,=85% | 15%,nm,=85%
Gas boiler (low Gas boiler

‘temperature), 89
Nb=90%

(condensing),
12%,1,=98%

Oil boiler, 12%,

Oil boiler, 12%,

Oil boiler (low
temperature), 69

Oil boiler (low
temperature), 09

= 0 o 0,
1,=80% 1,=80% 1=90% 1=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 5% 10%

Direct electric
heating, 219%,

Direct electric
heating, 219%,

Direct electric
heating, 42%,

Heat pump, 359
SCOP=400%

Climatic zone €

. Gas boiler, 4%,
N,=80%

Gas boiler, 4%,
N,=80%

Np=98% Np=98% nb=98%
Wooden stove,|] Wooden stove,| Pellet boiler, Pellet boiler,
60%,1,=60% | 60%,1,=60% | 35%,1,=85% | 40%,n,=85%
Gas boiler (low Gas boiler

temperature),
10%,n,=90%

(condensing),
10%,1,=98%

Oil boiler, 15%,
Np=80%

Oil boiler, 15%,
N,=80%

Oil boiler (low
temperature),
10%,1,=90%

Oil boiler (low
temperature),
10%,1,=95%

Solar collector,

Solar collector,

0%

Solar collector,

0%

3%

Solar collector,

S%




HiILtCIrcy
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@

Office

Present

BAU

Improvement 1

Improvement 2

D

Direct electric
heating, 70%,

Direct electric
heating, 75%,

Direct electric
heating, 75%,

Heat pump, 629
SCOP=400%

Climatic zone A

N,=80%

N,=80%

Np=98% Np=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, 5% Pellet boiler,
10%,1,=60% 5%, np,=60% Np=85% 10%,1,=85%
Gas boiler, 0%, Gas boiler, 10%j, Gas boiler (low Gas b0|!er
\ temperature), | (condensing),

15%,1,=90%

20%,1,=98%

Oil boiler, 20%,
Np=80%

Oil boiler, 10%,
N,=80%

Qil boiler (low
temperature), 09

Qil boiler (low
temperature), 09

N,=90% Np=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 5% 8%

Direct electric
heating, 70%,

Direct electric
heating, 80%,

Direct electric
heating, 75%,

Heat pump, 629
SCOP=400%

Climatic zone H

N,=80%

N,=80%

Nb=98% Nb=98% nb=98%
Wooden stove,l] Wooden stove,| Pellet boiler, 5% Pellet boiler,
10%,1,=60% 5%, 1,=60% N,=85% 10%,1,=85%
Gas boiler, 0%, Gas boiler, 5%, Gas boiler (low Gas b0|!er
B temperature), | (condensing),

15%,1,=90%

20%,1,=98%

Oil boiler, 20%,

Oil boiler, 10%,

Oil boiler (low
temperature), 09

Oil boiler (low
temperature), 09

= 0 o 0,
1,=80% 1,=80% 1=90% 1=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 5% 8%

Direct electric
heating, 219%,

Direct electric
heating, 15%,

Direct electric
heating, 12%,

Heat pump, 109
SCOP=400%

Climatic zone (

. Gas boiler, 0%,
[ n,=80%

Gas boiler, 10%
N,=80%

Np=98% Np=98% nb=98%
Wooden stove,|] Wooden stove,| Pellet boiler, Pellet boiler,
54%,1,=60% | 60%,1,=60% | 60%,1,=85% | 60%,1,=85%
Gas boiler (low Gas boiler

temperature),
10%,n,=90%

(condensing),
15%,1,=98%

Oil boiler, 25%,
Np=80%

Oil boiler, 15%,
N,=80%

Oil boiler (low
temperature),
15%,1,=90%

Oil boiler (low
temperature),
10%,1,=95%

Solar collector,

0%

Solar collector,

0%

Solar collector,

3%

Solar collector,

S%




HiILtCIrcy
CENTRAL EUROPE £

@

School

Present

BAU

Improvement 1

Improvement 2

Direct electric
heating, 0%,

Direct electric
heating, 100%,

Direct electric
heating, 100%,

Heat pump,
100%,

Climatic zone A

\

Gas boiler, 0%,

Gas boiler, 0%,

Np=98% N,=98% nb=98% SCOP=400%
Wooden stove,l] Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% N,=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

D

ns=80% ns=80% 1N,=90% 0%, n,=98%
Oil boiler, 0%, | Oil boiler, 0%, Qil boiler (low | Oil boiler (low
~30% ~30% temperature), 09temperature), 09
Mo Mo 1,=90% n,=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 0%
Direct electric | Direct electric | Direct electric Heat pump,
heating, 0%, | heating, 100%,| heating, 100%, 100%,

Climatic zone H

b Gas boiler, 0%,

Gas boiler, 0%,

Nb=98% Nb=98% nb=98% SCOP=400%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% Np=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

n=80% n=80% 1,=90% 0%, 1,=98%
Oil boiler, 0%. | Oil boiler. 0%, Oil boiler (low | Oil boiler (low
~80% ~80% temperature), 09temperature), 09
Mo Mo N5=90% N,=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 0%
Direct electric | Direct electric | Direct electric Heat pump,
heating, 0%, | heating, 100%,| heating, 100%, 100%,

Climatic zone (

. Gas boiler, 0%,

L

Gas boiler, 0%,

Np=98% N,=98% nb=98% SCOP=400%
Wooden stove,l] Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, np,=60% 0%, n,=60% N,=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

it Mm80% Nb=90% 0%, 1,=98%
Oil boiler, 0%, | Oil boiler, 0%, Qil boiler (low | Oil boiler (low
-80% ~80% temperature), 09temperature), 09
i s 15=90% 15=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,




HiILtCIrcy
CENTRAL EUROPE £

@

University

Present

BAU

Improvement 1

Improvement 2

Direct electric
heating, 100%,

Direct electric
heating, 100%,

Direct electric
heating, 100%,

Heat pump,
100%,

Climatic zone A

Gas boiler, 0%,

Gas boiler, 0%,

Np=98% N,=98% nb=98% SCOP=400%
Wooden stove,l] Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% N,=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

D

ns=80% ns=80% 1N,=90% 0%, n,=98%
Oil boiler, 0%, | Oil boiler, 0%, Qil boiler (low | Oil boiler (low
~30% ~30% temperature), 09temperature), 09
Mo Mo 1,=90% n,=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 0%
Direct electric | Direct electric | Direct electric Heat pump,
heating, 100%,| heating, 100%,| heating, 100%, 100%,

Climatic zone H

b Gas boiler, 0%,

Gas boiler, 0%,

Nb=98% Nb=98% nb=98% SCOP=400%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% Np=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

n=80% n=80% 1,=90% 0%, 1,=98%
Oil boiler, 0%. | Oil boiler. 0%, Oil boiler (low | Oil boiler (low
~80% ~80% temperature), 09temperature), 09
Mo Mo N5=90% N,=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 0%
Direct electric | Direct electric | Direct electric Heat pump,
heating, 100%,| heating, 100%,| heating, 100%, 100%,

Climatic zone (

. Gas boiler, 0%,

L

Gas boiler, 0%,

Np=98% N,=98% nb=98% SCOP=400%
Wooden stove,l] Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, np,=60% 0%, n,=60% N,=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

it Mm80% Nb=90% 0%, 1,=98%
Oil boiler, 0%, | Oil boiler, 0%, Qil boiler (low | Oil boiler (low
-80% ~80% temperature), 09temperature), 09
i s 15=90% 15=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,




HIlCIrcy
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Present state and
BAU renovation
Climate zone A Heat pump, EERF2 Heat pump, EER>3 Heaip, EER>3
Climate zone B Heat pump, EER32 Heat pump, EER>3 pleap, EER>3
Climate zone ¢ Heat pump, EER32 Heat pump, EER>3 piaap, EER>3

Improvement 1 Improvement 2

hészivattyl esetén dités és tités is egy egységirmegy!




iiterrey
CENTRAL EUROPE

§ | _TOGETHER _J

Present state and BAU

: Improvement 1 Improvement 2
renovation

Climate zone A Existing exhaust systém New exhaustesy] Balanced ventilation syst

Climate zone B Existing exhaust systém New exhawstéery Balanced ventilation syst

7o

Climate zone € Existing exhaust system New exhawstesy Balanced ventilation syst

11

11

11
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primary-to-final | specific CQ

Energy carrier energy factor | emissions
[KWh/KWh] [kg/kwh]

Wood biomass 0,2 0
Electrical energy 1,01 0
LPG 1,1 0,227
Oll 1,2 0,267
Solar energy 0 0




CENTRAL EUROPE

n < -
erreg @

Climatic Zone A
D1 D2 D3 D4 [HL H2 [H3 H4 KL K2 o1 02 03 04 [ s1 | s2 S3 sS4 UL u2 u3 U4
Heating [kWhin] 19,1 61, 18, 167 174 589 269 .8 7.7 116 215 32, 12, 10/ ol 1d4 8 101 206 7.1
DHW [kWh/m2] 20, 20, 200 200 200 200 160 6.0 8,0 8, 2, 2] 15 1]5 .0 0 0 5.0 5,0 0,0
Cooling [kWh/m2] 0, 1, 50 714 15 4,0 17,2 18,3 1,0 9,7 5, 12, 23k 22|19 4,0 7 .9 .1 4,2 6,7
100,0
80,0
60,0
40,0
- I I I I I I I I I I I I
00 IR
DI D2 D3 D4 HL H2 H3 H4 KL K2 K3 K4 Ol O2 O3 O4 SI S2 S3 S4 Ul U2 U3 U4
= Cooling [kWh/m2] 0,0 1,6 59 74 15 80 17,2183 1,0 25 7,0 97 52 121238 20 1,7 3,9 21 42 67
mDHW [kWh/m2] 20,0 20,0 20,0 20,0 20,0 20,0 16,0 16,0 8,0 12,0100 80 2® 25 15 00 80 7,0 50 50 100
= Haafinn AAhim> 1911 E1R( 16717 £ BRCIACIRE 17723 (12711 £ 167221121107 AF 1R RS n120¢ 71

Climatic Zone B
D1 D2 D3 D4 [HL H2 H3 H4 KL K2 ['k3 [ K4 o1 02 03 04 [ s1 | s2 S3 sS4 UL u2 u3 U4
Heating [kWhin] 25,2 81, 24, 23p 234 746 313 ¥ 3,6 0,9 82 160 2[20 42, 16, 14/ 12l8 247 122 1B5 376 9.9
DHW [kWh/m2] 20, 20, 200 200 200 200 160 6.0 8,0 0 10, 8, 2, 2] 15 1]5 .0 0 .0 5.0 5,0 0,0
Cooling [kWh/m2] 0, 1, 57 72 14 .6 16,6 7.7 1,0 |25 17, o4 5, 11, 230 223 4,0 7 .0 2,0 14,0 6,5
120,0

80,0

60,0

100,0

40,0

1L “ I ali
0,0 l

D1 D2 D3 D4 H1 H2 H3 H4 K1 K2 K3 K4 Ol 02 O3 O4 S1 S2 S3 S4 Ul U2 U3 U4

¥ Cooling [kwh/m2] 00 15 57 72 14 76 16,6177 1,0 25 7,1 98 50 11,5238 Z20 1,7 4,0 20 40 65
W DHW [kWh/m2] 20,0 20,0 20,0 20,0 20,0 20,0 16,0 16,0 8,0 12,0 10,0 80 2@ 25 1,5 00 80 7,0 5,0 5,0 10,0
= Haatine AMhim2 (257 81724 C 23223470 F 37232123 F 2N C1R 1R 20242 £ 1R 145125247127 12E27¢ qc

Climatic Zone C
D1 D2 D3 D4 [HL H2 H3 H4 K2 01 02 03 04 [ s1 s2 S3 S4
Heating [kWh/rﬁ] 49,2 145, 47, 43,2 45,3 138,2 6.7 6,5 31,439.4 80, 34, 28,4 27,1 473 24,6
DHW [kWh/m2] 20, 20,1 20,0 20,0 24,0 20,0 16,0 8,0 2, 2, 15 15 0.0 .0 .0
Cooling [kWh/m2] 0, 0.4 0.0 00 0,0 .0 ,0 0.0 0 0.0 0, 0.4 0, 0l0 0,0 a.0
180,0
160,0

140,0
120,0
100,0

80,0

60,0

40,0

ARRERRRIR
0,0

D1 D2 D3 D4 H1 H2 H3 H4 K1 K2 K3 K4 O1 O2 O3 O4 S1 S2 S3 S4 Ul U2 U3 U4
® Cooling [kwh/m2] 0,0 0,0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0,0 0,0 0,0
W DHW [kWh/m2] 20,0 20,0 20,0 20,0 20,0 20,0 16,0 16,0 8,0 12,0 10,0 80 2@ 25 1,5 00 80 7,0 5,0 5,0 10,0
= Haatine AMhim2 40 % 145 47 = 432 45 % 138 R7 7 AN 14R £ GR 236731 £ 20 £ 8N 124 £2R £ 27 147 % 24 ¢ 285837901
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Climatic Zone A

Dormitory Hospital Kindergarter] Office School|  University
Heating [kWh/rf] 19,1 17,4 17,7 152 96 10,1
DHW [KWh/m2] 20,4 20, 8,p 20 0[0 5,0
Cooling [kWh/m2] 0,0 1,5 1, 5P 0,0 2|1
45,0
40,0
35,0
30,0
25,0
20,0
15,0
10,0
SYO .
Dormitory Hospital Kindergarten Office School University
m Cooling [kWh/m2] 0,0 15 1,0 5,2 0,0 2,1
B DHW [kWh/m2] 20,0 20,0 8,0 2,0 0,0 5,0
m Heatina [\A/h/m?2 191 174 177 15.2 9F 101
Climatic Zone B
Dormitory Hospital Kindergarten] Office School| University
Heating [kWh/nf] 25,2 23,4 23, 202 12,8 13,5
DHW [KWh/m2] 20,0 20, 8,p 20 0[0 5,0
Cooling [kWh/m2] 0,0 14 1, 5p 0)0 2|0
50,0
40,0
30,0
20,0
10'0 .
Dormitory Hospital Kindergarten Office School University
m Cooling [kWh/m2] 0,0 1,4 1,0 5,0 0,0 2,0
W DHW [kWh/m2] 20,0 20,0 8,0 2,0 0,0 50
m Heatina M\WWh/m?2 257 234 23 F 202 12.¢ 13F
Climatic Zone C
Dormitory Hospital Kindergarten] Office School| University
Heating [kWh/rf] 49,2 45,3 46,5 39,8 27,1 28,8
DHW [KWh/m2] 204 20, 8,p 20 0[0 5,0
Cooling [kWh/m2] 0,0 0,4 0, 0,p 0,0 0|0
80,0
70,0
60,0
50,0
40,0
30,0
20,0
10,0
Dormitory Hospital Kindergarten Office School University
m Cooling [kWh/m2] 0,0 0,0 0,0 0,0 0,0 0,0
B DHW [kWh/m2] 20,0 20,0 8,0 2,0 0,0 5,0
m Heatina [\A/h/m?2 497 45 = 46.F 39.¢ 271 28.¢
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Climatic Zone A
D1 D2 D3 D4 [HL H2 [H3 H4 K1 K2 K3 K4 o1 02 03 04 [ s1 | s2 S3 s4 U1 U2 u3 U4
Heating [kWh/nf] 19.1) 61, 18, 167 174 589 269 .8 7.7 30 032  [11,6 215 32, 12, 10, ols 184 .8 101 206 7.1
DHW [KWh/m2] 20, 20, 20,0 200 200 200 16,0 6.0 80 120 100 8, X 2] 15 1[5 .0 0 0 .0 5.0 0,0
Cooling [kWh/m2] 0, 1, 50 74 15 40 172 183 1.0 25 07,94 5, 12, 236 229 4.0 7 .9 p.I 2.2 6.7
Dormitory _|Hospital | Ki Office School| _Univegit 100,0
Present state 5 38,9 268 22,4 19,6
i 83, 86, 3716 262 281 80,0
1 43)8 60/ 3d.3 373
2 a4t 58]1 293 34,7 60,0
40,0
didld 4
0,0 " " P
Dormitory Hospital Kindergarten Office School Univeysit
W Present state 39,1 38,9 26,8 22,4 9,6 17,2
WBAU renovation 83,1 86,8 37,6 46,2 28,1 299
Improvement1 43,8 60,1 303 37,3 19,7 238
-t . o1 a0z EyE ac ac
Climatic Zone B
D1 D2 D3 D4 [HL H2 H3 H4 K1 K2 [ ka o1 02 03 04 [ s1 | s2 S3 s4 U1 U2 u3 U4
Heating [kWh/nf] 25,2 81, 24, 23p 234 746 313 1 3.6 82 160 220 42, 16, 14 1208 247 122 1B5  21.6 9.9
DHW [KWh/m2] 20, 20, 20,0 200 200 200 16,0 6.0 8,0 10, X X 2] 15 1[5 .0 0 0 .0 5.0 0.0
Cooling [kWh/m2] 0, 1, 57 72 14 .6 16,6 7.7 1,0 17, o4 5, 11, 23, 223 4,0 7 X 2,0 14,0 6,5
Dormitory | Hospital K h_Office School|_Univeybit 1200
Present state § 4438 30,6 27,2 238 po,
i 103.p 107]2 455 563 3n4 367 100,0
1 505 700 353 412 281 26« 50,0
2 5004 66/8 338 38.0 .0 0.c g
60,0
40,0
o I I J
0,0 " " P
Dormitory Hospital Kindergarten Office School Univeysit
W Present state 452 448 326 27,2 12,8 205
WBAU renovation  103,2 107,2 45,5 56,3 34,4 36,7
Improvement1 50,5 70,0 353 41,2 231 26,4
- . Ens cac 2 20r ac ar
Climatic Zone C
D1 D2 D3 D4 [HL H2 H3 H4 KL K2 [ K4 o1 02 03 04 | st s2 S3 sS4
Heating [kWh/nf] 49,2 145, 47, 432 453 1382 6f.7 0.1 6.5 35,7 31,4398 80, 34, 284 2711 413 246
DHW [KWh/m2] 20, 20, 20,0 200 200 200 16,0 6, 8.0 10, X 2] 15 1[5 0.0 0 0
Cooling [kWh/m2] 0, 0, 000 0j0 0.0 .0 .0 0.0 0.0 [00__00 ol 0, 0, 0, 0l0 0[0 G.0
School|_Univeykit 200,0
Present state 1.8 1 3.8
i 15
1 3 3 ; 150,0
2 .9 b,0 0,0
100,0
1 Hs
Dormitory Hospital Kindergarten Office School Univeysit
W Present state 69,2 653 545 418 27,1 338
WBAU renovation 1655 158,2 703 82,1 553 58,3
Improvement1 67,3 83,7 45,7 36,3 316 30,1
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Climatic Zone A
D1 D2 D3 D4 H1 H2 H3 H4 K1 K2 K3 K4 o1 02 03 o4 S1 S2 S3 U1 u2 u3
Heating [kWh/ni] 22,9 73, 10, 76 13}9 47,1 126 3 208 7,0 6,5 44 135 428 6.1 4, 11p 215 49 4.9 14,2
DHW [kWh/m2] 23 22,] 214 7.9 26, 254 15,6 3,2 9.2 13.¢ 9.4 2,7 2,2) 2,2| 1,5 0,€| 0,C] 8,2 7.2 5,2 5,2 10,9
Cooling [kWh/m2] 0,C] 0, 2,C] 2,5 0.8 4,C] 5.8 6,2] 0.5 1.3 24 3,3 2,6 6,1] 8.C] 7.7 0,C] 0.9 1.3 1.]] 2,]] 2,3
120,0
100,0
80,0
60,0
40,0 I I I
20,0
o0 II III I-I|I=||||II
D1 D2 D3 D4 H1l H2 H3 H4 K1 K2 K3 K4 O1 O2 O3 04 S1 S2 S3 Ul U2 U3
m Cooling [kWh/m2] 0,0 08 20 25 08 40 58 62 05 13 24 33 26 61 80 77 00 13 11 21 23
B DHW [kWh/m2] 235 22,1 21,9 7,9 26,8 254 15,6 32 92 138 94 27 22 22 Q6 00 82 72 52 52 103
= Heatin WAh/im? 22 € 73€ 10( 76 13C47112F A% 20 27( A5 44 13E 284 1 47 11721F AC RC 14% 2Q
Climatic Zone B
D1 D2 D3 D4 H1 H2 H3 H4 K2 K3 K4 o1 02 03 04 S1 S2 S3 U1l u2 u3
Heating [kWhIn%] 30,3 98, 13, 105 187 63,7 17.4 B.8 7.7 6,3 8,9 6,0 179 793 8.4 6, 14.p 28[1 6,8 19,0 20,4 %0
DHW [kWh/m2] 23,5 22,] 21,4 7.9 26, 25/ 15, 3,2 9,2 13, 94 2,7| 2,2 2,2 15 0,€| 0, 8,2 7.2 5,2 5,2 10,7
Cooling [kWh/m2] 0, 0,7] 19 2,4 0,7] 3,§| 5,6 6,(] 0.5 1, 24 3, 2,5 5,€| 7.7 7.5 0, 0,¢| 1,3 1, 2,0 2,2]
140,0
120,0
100,0
80,0
60,0
400 I I I I
20,0
o0 1 mirMmmmr
D1 D2 D3 D4 H1 H2 H3 H4 K1 K2 K3 K4 O1 O2 O3 0O4 S1 S2 S3 Ul U2 U3
M Cooling [kWh/m2] 00 0,7 19 24 07 38 56 60 05 13 24 33 25 58 77 75 00 13 10 20 22
mDHW [kWh/m2] 235 22,1 21,9 7,9 268 254 156 32 92 138 94 27 22 22 Q6 00 82 72 52 52 103
m Heatina Wh/im? 30.7 98% 136 10.F 187 637 17.4 RE 277 367 RS AL 17.C37C R4 AE 14F 281 AF 100204 40
Climatic Zone C
D1 D2 D3 D4 H1 H2 H3 H4 K2 K3 K4 o1 02 03 o4 S1 S2 S3 U1 u2 u3
Heating [kWh/ni] 47,1 139, 244 195 549 1675 3.3 158 6,0 5,1 19,1 14,7313 63, 194 14/5 22,0 34,6 1p6 269 9,7 84
DHW [KWh/m2] 23 22,] 214 7.9 26, 25,4 15,6 3.2 9.2 13 9.4 2,7 2,2) 2,2| 1,5 0,€| 0,C] 8,2| 7.2 5,2 5,2 10,9
Cooling [kKWh/m2] 0,C] 0,C| 0,C] 0,C| 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,q] 0,C] 0,q] 0,C] 0,C]
250,0
200,0

150,0
100,0
50,0

00 Ill‘lllllllll-llllll

D1 D2 D3 D4 H1 H2 H3 H4 K1 K2 K3 K4 O1 O2 O3 O4 Sl S2 S3 Ul U2 U3
m Cooling [kWh/m2] 0,0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
WDHW [kWh/m2] 23,5 22,1 219 7,9 268 254 156 32 9,2 138 94 27 22 23 06 00 82 72 52 52 103
= Heatina lAMh/m? 47 1139 24 £ 19 F 54 ¢ 167 37 2 15F 3R ( 45119114731 2311024 14F 22 ( 38F 12 F 26 € 497 84
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Climatic Zone A
D1 D2 D3 D4 [HL__ [H2 H3 H4 K1 K2 K3 Ka o1 o2 03 [ sa UL U2 U3 U4
Heating [kWhin] 22,9 73, 10, 411 126 3 208 7,0 6.5 44  |135 428 49 41 9 142 R.9
DHW [kWh/m2] 23, 22, 219 23,4 .6 2 9.2 38 49, 2.1 2, 2, 2 8 .2 5.2 03
Cooling [kWh/m2] 0, 0, 2] 4.0 8 .2 5 13 24 33 24 5, 13 3 1 .1 2.3
Dormitory _|Hospital__| K Office School|_Univerit & 1200
Present state 46,4 415 .5 18,3 1,2 13, S
96, 76)5 42]1 36,7 30,6 = 100,0
1 338 33)9 183 155 185 5,6 2 80,0
2 17 157 14.4 180 £
g 60,0
Bl 40,0
: ' ‘
5 20,0 ‘
N | | = = ol
g Dormitory Hospital Kindergarten Office School Univeysit
m Present state 46,4 415 305 18,3 11,2 131
WBAU renovation 96,8 765 42,1 36,7 30,6 214
Improvement1 33,8 339 18,3 155 135 155
mimprovement2 17,9 15,7 10,4 13,0
Climatic Zone B
D1 D2 D3 D4 H4 K1 K2 K3 Ka o1 o2 03 s2_| s3 | sa UL U2 U3 U4
Heating [kWhin] 30,3 98, 13, 17.4 8 477 6.3 8,9 60 [179 793 84 14, 28[1 8 56 0 24 4,0
DHW [kWh/m2] 23, 22, 219 15,6 2 9.2 38 49, 2.1 2, 2, 15 00 2 2 8 .2 5.2 03
Cooling [kWh/m2] 0, 0, 1) .6 .0 5 13 24 33 25 5, 7. olo ol9 13 .3 .0 R.0 2.2
Dormitory _|Hospital__| K h_Office School| _Univeit & 1400
Present state 53,8 46,3 37.4 22,6 4,6 H 1200
121, 92[9 514 489 372 = '
1 376 38]6 20,7 176 164 g 1000
2 208 180 13,1 146 £ 80,0
g 60,0
g 40,0
o 4 o
g 00 - u - u
E Dormitory Hospital Kindergarten Office School Univeysit
m Present state 53,8 46,3 374 226 14,6 16,1
WBAU renovation  121,0 929 51,4 45,9 37,2 276
Improvement1 37,6 38,6 207 17,6 154 16,5
mimprovement2 20,8 18,0 12,1 14,6
Climatic Zone C
D1 D2 D3 D4 [HL [H2 H3 H4 K1 K2 k3 K4 o1 02 03 S2 S3 sS4 U1 U2 | us U4
Heating [kWhin] 47,1 139, 24 105 sdo 1675 373 158 6.0 51 [191  [147319 63, 194 220 386 126 115 6,9 9, 84
DHW [kWh/m2] 23, 22, 219 70 268 254 166 2 9.2 8 49 27 2, 2, 15 0j0 8.2 2 8 .2 5, 03
Cooling [kWh/m2] 0, 0, 0 olo 0 .0 .0 .0 .0 lo.0 00 .00 o 0, 0, olo 0jo .0 .0 .0 p.o 0.0
Dormitory _|Hospital__| K Office & 2500
Present state 70,6 81, 45.2 5
161, 192[9 58,9 = 2000
1 46 52/8 285 &
2 2714 191 17.4 g 1500
T 1000
S
ol ol
g 00 - - -
E Dormitory Hospital Kindergarten Office School Univeysit
m Present state 706 81,7 45,2 336 22,0 321
WBAU renovation  161,6 192,9 58,9 653 46,8 54,9
Improvement1 46,3 52,8 285 20,9 198 18,7
mimprovement2 27,4 19,1 174 15,2

2,2

75
25
0,0
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Climatic Zone A
D1 D2 D3 D4 HL __ [H2 H3 [ Ha4 K1 K2 K3 Ka o1 o2 03 o4 S1 s2 s3 sS4 UL U2 U3 U4
Heating [kWhin] 15 4, 1, o, 1, 57 oo 0 4 8 6 0.3 12 25 05 05 70 14 o, o, o, 13 o1 1
DHW [kWh/m2] 14 0, 1, 1p 3o ER 5 .0 .6 1.0 0.4 0,2 02 072 0, , 0, 0, ojo 0,0 0 .0 .0 .0
Cooling [kWh/m2] 0, 0, [ 0j0 0 0 0,0 .0 .0 0,0 00 00 0 0, 0, 0) 0o 00 .0 .0 .0 .0 0.0 0,0
Dormitory | Hospital K Office School[_Univerit 10,0
Present state 31 6 1 3 , 0,6 =
5, 80 28 27 1 3 E 8,0
1 2Jr 14 10 6 X1 3
2 1B ol 06 6 2 6.0
5 40
3
. Jd
]
& l - - ‘ ‘
o Dormitory Hospital Kindergarten Office School Univeysit
W Present state 31 56 21 13 07 0,6
WBAU renovation 5,6 8,9 28 2,7 14 13
Improvement 1 21 14 1.0 0,6 05 01
W Improvement 2 18 0,0 06 0,6
Climatic Zone B
D1 D2 D3 D4 HL __ [H2 H3 H4 K1 K2 K3 Ka o1 o2 03 o4 SL s2 s3 = UL U2 U3 U4
Heating [kWhin] 2,0 6.4 1, 1, 28 718 1l2 0 .9 .5 8 0,5 16 33 07 07 90 17 o, o, 14 22 02 1
DHW [kWh/m2] 14 0, 1, 1p 3o ER 5 .0 .6 1.0 0.4 0,2 02 072 o, , 0, 0, 0jo 0,0 0 .0 .0 .0
Cooling [kWh/m2] 0, 0, [ 0j0 0 0 .0 .0 0 0,0 00 00 0 0, 0, 0p o 0 .0 .0 .0 .0 0.0 0,0
Dormitory | Hospital Ki Office. | School| _Univeykit 12,0
Present state 35 6.2 5 L7 X 11 =
7, 100 3)4 5 17 2 £ 10,0
1 25 1l8 12 8 .7 .2 8 8,0
o
2 20 olo 07 4.8 E 60
<
2 4,0
2
]
3 i - - ull
[} Dormitory Hospital Kindergarten Office School Univeysit
W Present state 35 6,2 25 17 09 11
WBAU renovation 7,2 10,9 34 35 17 22
Improvement 1 25 18 12 08 07 0,2
W Improvement 2 21 0,0 07 08
Climatic Zone C
D1 D2 D3 D4 HL __[H2 _[H3 H4 K1 K2 K3 Ka o1 o2 03 o4 SL s2 s3 sS4 UL U2 U3 U4
Heating [kWhin] 6,7, 19, 2, 2, 106 324 44 0 3 h2 2,2 17 3,9 78 26 9 1, 19 3, 1 14 44 82 q7 6
DHW [kWh/m2] 14 0, 1, 1p 3lo ER 5 .0 .6 1.0 0.4 0,2 02 072 o, , 0, 0, 0jo 0,0 0 .0 .0 .0
Cooling [kWh/m2] 0, 0, [ 0j0 0 4,0 .0 .0 .0 0,0 00 00 0 0, 0, 0p o 00 .0 .0 .0 .0 0.0 0,0
Dormitory _|Hospital | Ki h_Office School[ _Univegit 40,0
Present state 83 14,5 .0 A.0 L9 4.4 =
20, 35, 52 80 .4 .2 5 300
1 38 50 2{9 26 .5 .7 o
>
2 31 olo 2|0 2,0 2 200
<
S
4 10,0
£
]
I} o, . " - -
o Dormitory Hospital Kindergarten Office School Univeysit
W Present state 83 145 4,0 4,0 19 4,4
WBAU renovation 20,7 355 5.2 8,0 34 8,2
Improvement 1 38 50 26 26 15 07
W Improvement 2 31 0,0 2,0 2,0
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BAU renovation Dormitory Hospital Kindergarten Office I8ml| University
External wall 0 0] 0 Qg d @
Wall to unheated space 0 0 0 0 0 0
Attic slab 5 5 5 5 5 g
Cellar ceiling 3 3 3 3 3 3
Arcade slab 0 0] 0 Qg d @

Flat roof 3 3 3 3 3 3
Pitched roof 10 10 1( 1 10 1p
Floors of heated spaces to ground 0 0 0 0 0 0
External walls between heated spaces and grqund 3 33 3
External unglazed doors BO 80 80 80 80 80
Glazed windows, glazed doors 1 0 0 0 0 0 0
Improvement 1 Dormitony Hospital Kindergarten Office 8ohUniversity
External wall 5 5 5 5 g g
Wall to unheated space 5 5 5 5 5 5
Attic slab 10 10 10 10 10 10
Cellar ceiling 5 5 5 g g 5
Arcade slab 10 10 19 10 1p 10
Flat roof 5 5 5 g g 5
Pitched roof 10 10 4 10 1P 1p
Floors of heated spaces to ground 5 5 5 5 5 5
External walls between heated spaces and grqund 5 55 5
External unglazed doors 150 150 150 [50 |150 150
Glazed windows, glazed doors 1 85 85 85 85 85 85
Improvement 2 Dormitony Hospital Kindergarten Office ohUniversity
External wall 8 8 8 § § g
Wall to unheated space 8 8 8 8 5 5
Attic slab 10 10 1( 10 1D 1p
Cellar ceiling 8 8 g g g E
Arcade slab 10 10 10 10 1P 10
Flat roof 5 5 5 5 g E
Pitched roof 10 10 4 10 1P 1p
Floors of heated spaces to ground 5 5 5 5 5 5
External walls between heated spaces and grqund 5 55 5
External unglazed doors 150 150 150 {150 (150 150
Glazed windows, glazed doors 1 120 150 120 (120 85 85
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Areas

Floor area 2420,6 50316 543,571 892,143 2294,88 2798,14
External wall 1465 2137,2 338,494 668 1276|59 1571,57
Wall to unheated space 0 0 0 0 0 0
Attic slab 0] 0 0 [0 0 (
Cellar ceiling 0 708.,4 ( 69,6471 0
Arcade slab 588 [0 q ( (
Flat roof 488 1266,4 90,5714 238 565,588 710,571
Pitched roof 242 g 209,714 89,5714 280,588 0
Floors of heated spaces to ground 697 503,8 300 279,833,471 753,286
External walls between heated spaces and grqund 0,6@88 q ¢ ¢
External unglazed doors 0 0 0 0 0 0
Glazed windows, glazed doors 1 223,8 623,4 97,5057 854p, 335,929 513

Conversion factors
Floor area 1,00 1,0( 1,00 1,00 1,00 1,p0
External wall 0,61 0,42 0,6R 0,75 0,56 0,66
Wall to unheated space 0)00 0,00 0,00 D,00 0,00 0,00
Attic slab 0,00 0,0( 0,0p 0,00 0,00 0,p0
Cellar ceiling 0,00 0,14 0,0p 0,do 0,03 0,p0
Arcade slab 0,24 0,0( 0,0p 0,00 0,00 0,p0
Flat roof 0,20 0,25 0,1y 0,27 0,25 0,p5
Pitched roof 0,10 0,0( 0,3p 0,10 0,12 0,p0
Floors of heated spaces to ground D,29 0,10 0,55 0,31 33| 0, 0,27
External walls between heated spaces and grqund 0,0®,06 0,0 0,00 0,4Jo 0,00
External unglazed doors 0,00 0{00 d,00 0,00 0,00 0,00
Glazed windows, glazed doors 1 0,09 0,12 0,18 |0,16 0,15 ,18 0
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BAU renovation Dormitory Hospital Kindergartgn Officg 18wl |University
External wall NA NA NA NA NA NA
Wall to unheated space NA NA NA NA NA NA
Attic slab NA NA NA NA NA NA
Cellar ceiling NA 0,42 NA NA 0,09 NA
Arcade slab NA NA NA NA NA NA
Flat roof 0,60 0,76 0,50 0,80 0,74 0,76
Pitched roof 1,00 NA 3,86 1,00 1,22 NA
Floors of heated spaces to ground NA NA NA NA NA NA|
External walls between heated spaces and grqund NA 17 O, NA NA NA NA
External unglazed doors NA NA NA NA NA NA
Glazed windows, glazed doors 1 NA NA NA NA NA NA
Improvement 1 Dormitory Hospital Kindergarten Office  ®oh [University
External wall 3,03 2,12 3,11 3,74 4,45 4,49
Wall to unheated space NA NA NA NA NA NA
Attic slab NA NA NA NA NA NA
Cellar ceiling NA 0,70 NA NA 0,15 NA
Arcade slab 2,43 NA NA NA NA NA
Flat roof 1,01 1,26 0,83 1,33 1,23 1,27
Pitched roof 1,00 NA 3,86 1,00 1,22 NA
Floors of heated spaces to ground 1,44 0,50 2,76 157 64 1, 1,35
External walls between heated spaces and grqund NA 29 0| NA NA NA NA
External unglazed doors NA NA NA NA NA NA
Glazed windows, glazed doors 1 7,86 10,53 15,24 13|61 ,4412 15,58
Improvement 2 Dormitory Hospital Kindergarten Office  $oh |University
External wall 4,84 3,40 4,98 5,99 NA NA
Wall to unheated space NA NA NA NA NA NA
Attic slab NA NA NA NA NA NA
Cellar ceiling NA 1,13 NA NA NA NA
Arcade slab 2,43 NA NA NA NA NA
Flat roof 1,01 1,26 0,83 1,33 NA NA
Pitched roof 1,00 NA 3,86 1,00 NA NA
Floors of heated spaces to ground 1,44 0,50 2,74 1/57 NA NA
External walls between heated spaces and grqund NA 29 0, NA NA NA NA
External unglazed doors NA NA NA NA NA NA
Glazed windows, glazed doors 1 11,00 18,58 21,58 19,22 A N NA
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BAU renovation Dormitory Hospital Kindergarten Office S| University
Heating system based on electricify 0 0 0 0 0 0
Heating system based on wood 0 0 0 0 0 0
Heating system based on gas 0 0 0 0 0 0
Heating system based on oil 0 0 0 0 0 0
DHW system based on electricity D,8 0,8 0,8 (0,8 0,8 0,8
DHW system based on wood 9 0,9 0,9 (0,9 0,9 0,9
DHW system based on gas D,9 0,9 0,9 10,9 0,9 0,9
DHW system based on oil Q.9 9 N9 DP9 0,9 0,9
DHW system based on solar thermal 3,2 3,2 3,2 |32 3,2 3,2
Ventilation system D 0 0 0 0 0
Cooling system D 0 0 0 0 0
Improvement 1 Dormitotly Hospithl Kindergarten Office 8oHUniversity
Heating system based on electricify 40 55 50 50 50 50
Heating system based on wood 60 60 32 32 60 60
Heating system based on gas 40 40 40 40 40 40
Heating system based on oil 40 40 40 40 40 40
DHW system based on electricity D,8 D,8 0,8 |0,8 0,8 0,8
DHW system based on wood 9 0,9 0,9 (0,9 0,9 0,9
DHW system based on gas D,9 0,9 0,9 [0,9 0,9 0,9
DHW system based on oil Q.9 9 N9 DP9 0,9 0,9
DHW system based on solar thermal 3,2 3,2 32 |32 3,2 3,2
Ventilation system L il 1 1 1 1
Cooling system 15 15 15 15 15 15
Improvement 2 Dormitotly Hospithl Kindergarten Office 8oHUniversity
Heating system based on electricify 40 55 55 55 NA NA
Heating system based on wood 60 60 32 32 NA NA
Heating system based on gas 40 40 50 50 INA NA
Heating system based on oil 40 40 50 50 NA NA
DHW system based on electricity 5 5 5 5 NA NA|
DHW system based on wood 9 0,9 0,9 (0,9 NA NA
DHW system based on gas D,9 0,9 0,9 [0,9 NA NA
DHW system based on oil Q.9 9 D9 D9 NA NA
DHW system based on solar thermal 1,5 1,5 15 [15 NA NA
Ventilation system 20 20 20 ’0 NA NA
Cooling system 15 15 15 15 NA NA
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Alternative prices!

Alternative prices!

Alternative prices!

Alternative prices!

Alternative prices!

Alternative prices!

BAU

Floor area 1,0p 1,40 1,00 1,00 1{00 1,00
Heating system based on electricify 1,00 1,00 1,00 1,001,00 1,0
Heating system based on wood 1,00 1,00 1,00 1,00 1,00 0| 1,0
Heating system based on gas 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on oil 1/00 1,00 1,00 1,00 1,00 1,00
DHW system based on electricity 1|00 1,00 1,00 1,00 1,00 1,00
DHW system based on wood 1/00 1,00 1,00 1,00 1,00 1,00
DHW system based on gas 1,00 1,00 1,00 1,00 1,00 1,00
DHW system based on oil 1,p0 1/00 1],00 1,00 1,00 1,00
DHW system based on solar thermal 1,00 1,00 1,00 1,00 00/ 1, 1,00
Ventilation system (0174 0|3 0 0,1 0 0,05
Cooling system o2 0|5 0,3 Q,7 3 0,4

Improvement 1
Floor area 1,0p 1,40 1,00 1,00 1{00 1,00
Heating system based on electricify 1,00 1,00 1,00 1,001,00 1,0
Heating system based on wood 1,00 1,00 1,00 1,00 1,00 0| 1,0
Heating system based on gas 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on oil 100 1,00 1,00 1,00 1,00 1,00
DHW system based on electricity 1|00 1,00 1,00 1,00 1,00 1,00
DHW system based on wood 1/00 1,00 1,00 1,00 1,00 1,00
DHW system based on gas 1100 1,00 1,00 1,00 1,00 1,00
DHW system based on oil 1,p0 1/00 1,00 1,00 1,00 1,00
DHW system based on solar thermal 1,00 1,00 1,00 1,00 00/ 1, 1,00
Ventilation system (0] ¢] (0] 0,2 Q.5 5 0|05
Cooling system 06 0|8 0,5 Q,9 5 0,4

Improvement 2
Floor area 1,0p 1,40 1,00 1,00 1{00 1,00
Heating system based on electricify 1,00 1,00 1,00 1,001,00 1,0
Heating system based on wood 1,00 1,00 1,00 1,00 1,00 0| 1,0
Heating system based on gas 1,00 L,00 1,00 1,00 1,00 1,00
Heating system based on oil 1/00 1,00 1,00 1,00 1,00 1,00
DHW system based on electricity 1|00 1,00 1,00 1,00 1,00 1,00
DHW system based on wood 1/00 1,00 1,00 1,00 1,00 1,00
DHW system based on gas 1,00 1,00 1,00 1,00 1,00 1,00
DHW system based on oil 1,p0 1/00 1,00 1,00 1,00 1,00
DHW system based on solar thermal 1,00 1,00 1,00 1,00 00/ 1, 1,00
Ventilation system 05 0|6 0,5 Q.6 5 0|05
Cooling system 07 0|9 0,8 1 0,5 4
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§TOGETHER _J

ZONE A

BAU renovation Dormitory Hospita]l Kindergartgn Office  Sadh [University

Heating system based on electricity NA| NA| NA NA NA NA

Heating system based on wood NA| NA| NA NA NA NA

Heating system based on gas NA NA NA NA NA| NA

Heating system based on oil NA NA NA NA NA NA

DHW system based on electricity 0,7 0,4 0,6 0,4 0,8 0.8

DHW system based on wood 0,0 0,0 0,0 0,1 (X)) 0.p

DHW system based on gas 0,0 0,0 0,1 0,0 0,p 0J0

DHW system based on oil 0,1 0,4 0,1 0,2 0, 0,

DHW system based on solar thermal 0, 0,2 0,0 0J0 0j0 0,0

Ventilation system NA NA NA NA NA NA

Cooling system NA NA NA NA NA NA

Improvement 1 Dormitory Hospitgl Kindergarten Office  8oh |University

Heating system based on electricity 32, 49)5 37,0 40,0 40,0 47,5

Heating system based on wood 0,0 0, 3,8 16 0J0 0l0

Heating system based on gas 8, 0,0 3,2 6/0 60 0,0

Heating system based on oil 0,0 4.0 2,4 0, 2.0 2,0

DHW system based on electricity 0,6 0,6 0,6 0,4 0,8 0,8

DHW system based on wood 0,0 0,0 0,1 0, (oK) 0.p

DHW system based on gas 0,2 0,0 0,1 0,1 0,p 0J0

DHW system based on oil 0,0 0,1 0,1 0,0 0, 0,

DHW system based on solar thermal 0,0 0,8 0,2 0J2 0j0 0,0

Ventilation system 0,3 0,4 0,2 0,5 0,5 0,1

Cooling system 7,5 12,0 7,5 13,5 7,5 6,0

Improvement 2 Dormitory Hospitgl Kindergarten Office  8oh |University

Heating system based on electricity 24, 55/0 40,2 38,5 NA NA

Heating system based on wood 12, 0, 4.8 32 NA NA

Heating system based on gas 8, 0,0 6,0 14,0 NA NA

Heating system based on oil 0,0 0,0 0,0 0, NA NA

DHW system based on electricity 3,0 4,0 3,2 3,] N/ NA

DHW system based on wood 0,0 0,0 0,1 0,1 NA NA

DHW system based on gas 0,2 0,4 0,1 0,2 NA NA

DHW system based on oil 0,0 0,0 0,0 0,0 NA NA|

DHW system based on solar thermal 0,3 0,8 0,2 01 NA NA

Ventilation system 10,0 12,0 10,0 12,0 NA NA

Cooling system 10,5 13,5 12,0 15,0 NA NA

Climate zone A Dormitory| Hospital| Kindergarteh Office]  Schoql Univergity

-% Heating system [EUR/fh #NOME?| #NOME? #NOME?| #NOMH? #NOMIE? #NOME? '%
é DHW system [EUR/H] #NOME?| #NOME? #NOME?| #NOMH? #NOMIE? #NOME? §
(3] [J]
35 Cooling system [EUR/f 0 0 0 o q ( 3
5 Ventilation system [EUR/fi 0 0 0 o q ( 5
g Heating system [EUR/fh #NOME?| #NOME? #NOME?| #NOMH? #NOMIE? #NOME? §
% DHW system [EUR/H] #NOME?| #NOME? #NOME?| #NOMH? #NOMIE? #NOME? g
> >
g Cooling system [EUR/f 7,5 12 7.5 13,p 75 6 g
E Ventilation system [EUR/ﬁm 0,3 0.4 0,4 0,5 0.b 0,05 E
g Heating system [EUR/fh #NOME?| #NOME? #NOME?| #NOMH? NA NA g
% DHW system [EUR/H] #NOME?| #NOME? #NOME?| #NOMH? NA NA g
> >
g Cooling system [EUR/A} 10,5 13,4 12 1p NA NA g
E Ventilation system [EUR/ﬁm 10| 12 1d 13 NA NA E
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ZONE B

BAU renovation Dormitory Hospital Kindergarten Office Sah|University

Heating system based on electricify NA| N/ NA NA NA NA

Heating system based on wood NA| NA NA NA  NA NA

Heating system based on gas NA NA NA NA NA NA

Heating system based on oil NA NA NA NA  NA NA

DHW system based on electricity 0,7 0,4 0,6 0,6 0,8 0,8

DHW system based on wood 0,0 0, 0,0 0,1 Q.0 0,0

DHW system based on gas 0,0 0,p 0,1 ,0 ,0 0J0

DHW system based on oil 0,1 0.4 0,1 oj2 0|0 0,

DHW system based on solar thermal 0,0 0J2 0,0 0,0 D,0 a,0

Ventilation system NA NA NA NA|[ NA NA

Cooling system NA NA NA NA| NA NA

Improvement 1 Dormitofly Hospithl Kindergarfen Office 8oljUniversity

Heating system based on electricify 32,0 49,5 37,( 1040,0 47,5

Heating system based on wood 0.0 0/0 3,8 1,6 0,0 0,0

Heating system based on gas 8,( 0[0 3,2 6,0 6,0 a,0

Heating system based on oil 0,0 4.0 2,4 ,0 2.0 2/0

DHW system based on electricity 0,6 0, 0,6 0,6 0,8 08

DHW system based on wood 0,0 0, 0,1 0,0 0.0 0,0

DHW system based on gas 0,2 0,p 0,1 1 ,0 0J0

DHW system based on oil 0,0 0,1 0,1 0l0 0|0 0,

DHW system based on solar thermal 0,0 0J3 0,2 0,2 D,0 a,0

Ventilation system 0,3 0,4 0,2 0,5 0,5 0,1

Cooling system 7,5 12,0 7,5 1315 7p 6,0

Improvement 2 Dormitofly Hospithl Kindergarfen Office 8oljUniversity

Heating system based on electricify 24,0 58,0 40,2 BSIGA NA

Heating system based on wood 12,0 00 4.8 B,2 NA NA

Heating system based on gas 8,( 0[0 6,0 10,0 NA NA

Heating system based on oil 0,0 0,0 0,0 ,0 NA NA

DHW system based on electricity 3,0 4, 3,2 3,1 NA NA

DHW system based on wood 0,0 0, 0,1 0,1 NA NA

DHW system based on gas 0,2 0,p 0,1 2 NA NA

DHW system based on oil 0,0 0,0 0,0 0l0 NA NA

DHW system based on solar thermal 0,3 0J3 0,2 0,1 NA NA

Ventilation system 10,0 12,0 10,0 12,0 NA NA

Cooling system 10,5 13,5 12,0 15,0 NA NA

Climate zone B Dormitory| Hospita] Kindergartgn Offige Schqol University

Heating system [EUR/fh #NOME?| ####H#  #NOME?| ##H#fH #t#t #NOME? '%

DHW system [EUR/rf H#NOME?| ####H#  #NOME?| ##H#fH #t#t #NOME? é
[3]

Cooling system [EUR/f} 0 0 0 g q c 3

Ventilation system [EUR/f 0 0 0 o q ( 5

Heating system [EUR/fh #NOME?| ####H#t  #NOME?| ##H#fH #t#t #NOME? g

DHW system [EUR/rf #NOME?| ####HH#  #NOME?| ##H#fH #t#t #NOME? %
>

Cooling system [EUR/fi 7,5 12 7% 13,b 75 6 g

Ventilation system [EUR/ﬁj 0,3 0.4 0,4 0,5 0b 0,05 E

Heating system [EUR/fh #NOME?| ####H#t  #NOME?| ###fH# NA NA g

DHW system [EUR/rf #NOME?| ####H#  #NOME?| ###fH# NA NA %
>

Cooling system [EUR/f} 10,5 13,4 12 1p NA NA g

Ventilation system [EUR/f 10 12 10 12 NA NA E
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ZONE C
BAU renovation Dormitory Hospita] Kindergarten Officg Sadh | University
Heating system based on electricify NA| NA NA NA NA NA
Heating system based on wood NA| NA| NA NA NA NA
Heating system based on gas NA NA NA NA NA NA
Heating system based on oil NA NA NA NA NA NA
DHW system based on electricity 0,4 0,8 0,2 0,4 0, 0,B
DHW system based on wood 0,4 0,0 0,5 0.5 0, 0.p
DHW system based on gas 0,0 0,0 0,0 0, 0,p 0)0
DHW system based on oil 0,1 0,0 0,1 0,2 0,d 0,
DHW system based on solar thermal 0,0 0, 0,0 0,0 0|0 0,0
Ventilation system NA NA NA NA NA NA
Cooling system NA NA NA NA NA NA
Improvement 1 Dormitorly Hospitdl Kindergarien Office $oh [University
Heating system based on electricify 16,0 275 22,4 10,0 10,0 17,5
Heating system based on wood 24,0 18,0 11,7 19,2 36,0 0 3B,
Heating system based on gas 8,( 0, 4,0 410 4[0 0,0
Heating system based on oil 0,0 8,0l 4,0 6, 4.0 40
DHW system based on electricity 0,3 0,3 0,3 0,1 0, 0,B
DHW system based on wood 0,4 0,3 0,3 0.5 0, 0.p
DHW system based on gas 0,2 0,0 0,1 0,1 0,p 00
DHW system based on oil 0,0 0,2 0,1 0,1 0,d 0,
DHW system based on solar thermal 0,0 0, 0,1 oL 0|0 0,0
Ventilation system 0,3 0,4 0,2 0,5 0,5 0,1
Cooling system 7,5 12,0 7,5 13,5 7,5 6,0
Improvement 2 Dormitorly Hospitdl Kindergarien Office $oh [University
Heating system based on electricify 16,0 275 22.( 813 A N NA
Heating system based on wood 24,0 30,0 12,9 19,2 NA NA
Heating system based on gas 8,( 0, 5,0 75 NA NA
Heating system based on oil 0,0 0,0l 5,0 5, NA NA
DHW system based on electricity 2,5 2,5 1,8 0,9 NA NA
DHW system based on wood 0,2 0,3 0,4 0.5 NA NA
DHW system based on gas 0,2 0,0 0,1 0,1 NA NA
DHW system based on oil 0,0 0,0 0,1 0,1 NA| NA|
DHW system based on solar thermal 0,4 0, 0,1 oL NA NA
Ventilation system 10,0 12,0 10,0 12,0 NA NA
Cooling system 10,5 13,5 12,0 15,0 NA NA
Climate zone C Dormitory] Hospital| Kindergartgn Office Schodl Univergity
Heating system [EUR/fh #NOME?| #NOME? #NOME?| #NOMH? #NOME? #NOME?
DHW system [EUR/rf #NOME?| #NOME? #NOME?| #NOMH? #NOME? #NOME?
Cooling system [EUR/fi 0 0 0 o q (
Ventilation system [EUR/f 0 0 0 o q (
Heating system [EUR/fh #NOME?| #NOME? #NOME?| #NOMH? #NOME? #NOME?
DHW system [EUR/rf #NOME?| #NOME? #NOME?| #NOMH? #NOME? #NOME?
Cooling system [EUR/fi 7,5 12 7.5 13,p 75 6
Ventilation system [EUR/ﬁj 0,3 0.4 0,4 0,5 0.b 0,05
Heating system [EUR/fh #NOME?| #NOME? #NOME?| #NOMH? NA NA
DHW system [EUR/rf #NOME?| #NOME? #NOME?| #NOMH? NA NA
Cooling system [EUR/fi 10,5 13,5 12 1p  NA NA
Ventilation system [EUR/f 10 12 10 11 NA NA
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Climate zone A Dormitory | Hospital [Kindergarte| Office School University
§ Envelope cost [EUR/f 1,60 1,35 4,36 1,80 2,05 0,76
% g HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME?Z #NOME} #NOMEP #NOMEH®
_ L |Total cost [EUR/mZ] #NOME? | #NOME? | #NOME? | #NOME? | #NOME? | #NOME?
g Envelope cost [EUR/f 16,76 15,40 25,81 21,26 21,14 22,69
g T |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME7 #NOME} #NOMEP #NOME:
g Total cost [EUR/mZ] #NOME? | #NOME? | #NOME? | #NOME? | #NOME? | #NOME?
2 Envelope cost [EUR/f 21,81 25,15 33,96 29,11 NA NA
g S |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME? #NOME?} NA NA
£ [rotal cos [EUR/M?] #NOME? | #NOME? | #NOME? | #NOME? NA NA
Climate zone B Dormitory | Hospital [Kindergarte| Office School University
§ Envelope cost [EUR/f 1,60 1,35 4,36 1,80 2,05 0,76
% g HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME?Z #NOME} #NOMEP #NOMEH:
_ L |Total cost [EUR/mZ] #NOME? | #NOME? | #NOME? | #NOME? | #NOME? | #NOME?
£ Envelope cost [EUR/fh 16,76 15,40 25,81 21,26 21,14 22,69
g T |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME7 #NOME} #NOMEP #NOME:
g Total cost [EUR/mZ] #NOME? | #NOME? | #NOME? | #NOME? | #NOME? | #NOME?
2 Envelope cost [EUR/f 21,81 25,15 33,96 29,11 NA NA
g S |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME? #NOME? NA NA
£ [rotal cos [EUR/M?] #NOME? | #NOME? | #NOME? | #NOME? NA NA
Climate zone C Dormitory | Hospital [Kindergarte| Office School University
§ Envelope cost [EUR/f 1,60 1,35 4,36 1,80 2,05 0,76
% g HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME?Z #NOME} #NOMEP #NOMEH:
_ L |Total cost [EUR/mZ] #NOME? | #NOME? | #fNOME? | #NOME? | #NOME? | #NOME?
g Envelope cost [EUR/f 16,76 15,40 25,81 21,26 21,14 22,69
g T |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME7 #NOME} #NOMEP #NOME:
g Total cost [EUR/mZ] #NOME? | #NOME? | #NOME? | #NOME? | #NOME? | #NOME?
2 Envelope cost [EUR/f 21,81 25,15 33,96 29,11 NA NA
g S |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME? #NOME? NA NA
£ [rotal cos [EUR/M?] #NOME? | #NOME? | #NOME? | #NOME? NA NA
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Present state | Dormitory| Hospital Kindergarten Offige Schdol Univers
Electric 80 75 74 70 76 84
Zone AWood 0 0 4 10 4 0
Gas 0 0 10 0 4 0
Oll 20 25 12 20 16 16
Electric 80 75 74 70 76 80
Zone B Wood 0 0 4 10 6 0
Gas 0 0 10 0 4 0
Oll 20 25 12 20 14 20
Electric 15 10 21 21 27 15
Zone CWood 50 30 60 54 54 45
Gas 0 0 4 0 4 5
Oll 35 60 15 25 15 35
BAU renovatior] Dormitory| Hospital Kindergartep Offige Schqgol Univerg
Electric 80 75 74 70 76 84
Zone AWood 0 0 4 10 4 0
Gas 0 0 10 0 4 0
Oll 20 25 12 20 16 16
Electric 80 75 74 70 76 80
Zone B Wood 0 0 4 10 6 0
Gas 0 0 10 0 4 0
Oll 20 25 12 20 14 20
Electric 15 10 21 21 27 15
Zone CWood 50 30 60 54 54 45
Gas 0 0 4 0 4 5
Oll 35 60 15 25 15 35

ity



Improvement 1| Dormitory| Hospita| Kindergartefh Offide Schdol University
Electric 80 90 74 80 80 95
Zone A Wood 0 0 12 5 0 0
Gas 20 0 8 15 15 0
Oil 0 10 6 0 5 5
Electric 80 90 74 80 80 95
Zone B Wood 0 0 12 5 0 0
Gas 20 0 8 15 15 0
Oil 0 10 6 0 5 5
Electric 40 50 45 20 20 35
Zone CWood 40 30 35 60 60 55
Gas 20 0 10 10 10 0
Oil 0 20 10 15 10 10
Improvement 2| Dormitory| Hospita| Kindergartefh Offige Schdol University
Electric 60 100 73 70 80 95
Zone A Wood 20 0 15 10 0 0
Gas 20 0 12 20 15 0
Oil 0 0 0 0 5 5
Electric 60 100 73 70 80 95
Zone B Wood 20 0 15 10 0 0
Gas 20 0 12 20 15 0
Oil 0 0 0 0 5 5
Electric 40 50 40 15 20 35
Zone CWood 40 50 40 60 60 55
Gas 20 0 10 15 10 0
Oil 0 0 10 10 10 10
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Present state | Dormitory| Hospital Kindergartepn Offide Schdol University
Electric 80 45 74 70 0 100
Wood 0 0 4 10 0 0
Zone A|Gas 0 0 10 0 0 0
Oll 20 50 12 20 0 0
Solar 0 5 0 0 0 0
Electric 80 45 74 70 0 100
Wood 0 0 4 10 0 0
Zone B|Gas 0 0 10 0 0 0
0] 20 50 12 20 0 0
Solar 0 5 0 0 0 0
Electric 35 100 21 21 0 100
Wood 30 0 60 54 0 0
Zone CGas 0 0 4 0 0 0
Oll 35 0 15 25 0 0
Solar 0 0 0 0 0 0
BAU renovatior] Dormitory| Hospita| Kindergarten Offide Schdol University
Electric 90 55 74 70 100 100
Wood 0 0 4 10 0 0
Zone A|(Gas 0 0 10 0 0 0
Oll 10 40 12 20 0 0
Solar 0 5 0 0 0 0
Electric 90 55 74 70 100 100
Wood 0 0 4 10 0 0
Zone B|Gas 0 0 10 0 0 0
Oll 10 40 12 20 0 0
Solar 0 5 0 0 0 0
Electric 50 100 21 21 100 100
Wood 40 0 60 54 0 0
Zone C/Gas 0 0 4 0 0 0
Oll 10 0 15 25 0 0
Solar 0 0 0 0 0 0




Improvement 1| Dormitory| Hospital Kindergartep Offide Schgol Univergity
Electric 80 80 69 75 100 100
Wood 0 0 12 5 0 0
Zone A|Gas 20 0 8 15 0 0
Oll 0 10 6 0 0 0
Solar 0 10 5 5 0 0
Electric 80 80 69 75 100 100
Wood 0 0 12 5 0 0
Zone B|Gas 20 0 8 15 0 0
Oil 0 10 6 0 0 0
Solar 0 10 5 5 0 0
Electric 40 40 42 12 100 100
Wood 40 30 35 60 0 0
Zone CGas 20 0 10 10 0 0
Oll 0 20 10 15 0 0
Solar 0 10 3 3 0 0
Improvement 2| Dormitory| Hospita| Kindergartef Offide Schdol University
Electric 60 80 63 62 100 100
Wood 0 0 15 10 0 0
Zone A|(Gas 20 0 12 20 0 0
Oil 0 0 0 0 0 0
Solar 20 20 10 8 0 0
Electric 60 80 63 62 100 100
Wood 0 0 15 10 0 0
Zone B|Gas 20 0 12 20 0 0
Oll 0 0 0 0 0 0
Solar 20 20 10 8 0 0
Electric 50 50 35 10 100 100
Wood 20 30 40 60 0 0
Zone CGas 20 0 10 15 0 0
Oil 0 0 10 10 0 0
Solar 10 20 5 5 0 0
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Climatic Zone A
D1 KL UL
[KWh/nf] 19,9 1
Wood [kWh/nf] 0, 0,
Gas [kWh/nd] 1, 0,
Oil [kwWh/m?] 0,p 2
Solar [kWh/nf] 0, 0,
100,0
80,0
60,0
40,0
20,0
o,oI Ill IIIIllIIIilIllII
D1 D2 D3 D4 H1 H2 H3 H4 KL K2 K3 K4 Ol 02 O3 O4 S1 S2 S3 UL U2 U3
mSolar [kWh/m2] 0,0 00 00 43 1,1 11 17 34 00 00 05 09 00 00 01 01 00 00 00 00 00
B Oil [kWh/m2] 11,4209 00 00 21,0332 53 00 45 61 17 00 50 100 00 23 43 05 24 48 04
= Gas [kWh/m2] 00 00 94 80 00 00 00 00 38 51 23 26 00 00 25 26 0,6 1,6 00 00 00
=Wood [kWh/m2] 0,0 00 00 44 00 00 00 00 20 28 37 38 33 64 09 15 04 00 00 00 00
m Flactricity IWAh/m2 32 4 71( 235 81 162 236 = 27 - S12F A7 11E523212/4 QF 77 23F10C10215E14F
Climatic Zone B . .
b1 H3 KL K3 UL
[KWh/nf] 11,9 1
Wood [KWhi/nf] 0, 0,
Gas [kWh/nd] 2 0,
Oil [kWh/m?] 2 4,
Solar [kWh/nf] 0, 0,
[ I | I I
0o Ill Illlllllllllllll
Dl D2 D3 D4 HL H2 H3 H4 KL K2 K3 K4 Ol 02 O3 O4 SI S2 S3 UL U2 U3
= Solar kWh/m2] 00 00 00 43 11 11 17 34 00 00 05 09 00 00 01 01 00 00 00 00 00
= Oil [kWh/m2] 13,2 26,8 00 00 232408 66 00 55 75 21 00 65 131 00 26 50 07 40 81 06
= Gas [kWh/m2] 00 00 11,0 95 00 00 00 00 46 63 28 32 00 00 34 3% 04 22 00 00 00
=Wood [kWh/m2] 0,0 00 00 60 00 00 00 00 24 33 44 46 42 84 12 20 24 00 00 00 00
® Flectricity l\Wh/m?2 37 F 87 ¢ 257 91 18°43F 30¢ 17F24¢C34¢141 76 13£28213F10-10728711¢11-1771657
Climatic Zone C
D1 [D3 ] HL H3 KL K3 UL
[kWh/nf] 8lo
Wood [kWh/nf] 19.3
Gas [kWh/nd] 3, 2,
Oil [kWh/m?] 1
Solar [kWh/nf] 0, 0,
300,0
250,0
200,0
150,0
100,0 - I I _
50,0
o.ol lII Ialls=1l !lllllll
D1 D2 D3 D4 Hl H2 H3 H4 KL K2 K3 K4 Ol 02 O3 O4 S1 S2 S3 UL U2 U3
mSolar [kWh/m2] 0,0 00 00 43 1,1 11 17 34 00 00 05 09 00 00 01 01 00 00 00 00 00
B Oil [kWh/m2] 31,0 77,4 00 00 544 132, 186 00 11,6 149 51 3,6 151 9 32 59 104 3,0 148273 25
= Gas [kWh/m2] 00 00 16,6 138 00 00 00 00 39 52 54 45 00 00 44 56 28 30 21 39 00

W Wood [KWh/m2] 455 134, 24,6 22,5 25,2 76,8 26,5 39,2 52,4 65,9 17,9 17,2 80,5 26,0 22,4 27,1 47,3 19,3 24,0 44,4 14,4
= Flactricity MAh/m> 24141523 ( 75 41217 £24C 11116722127 4F 72432 35 14 .77 21¢ 8¢ 77 8¢C 127
— | I —
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Dormitory Hospital Kindergarten Office School University  |Additional insulation
Cimited
insulation, singlg
2 windows with
@ metalic frame
S |Limited and double Limited Limited Limited Limited
§ ir singlginsulation, singlginsulation, singlginsulation, singlg
Q- |glazed windows|with glazed wir i double windows|
with metallic \wood/plastic with metallic | with metallic windows with  |with metallic
frame frame frame frame metallic frame _|frame
Additional External wall - 0 cr
c insulation, singlg Wall to unheated space - 0 ci
2 \windows with Attic slab - 5 cm
g metallic frame Cellar ceiling - 3 cm
$ |Additional and double Additional Additional Additional Additional Arcade slab - 0 cm
5 i ir i ion, singlginsulation, singlginsulation, singlginsulation, singlgFlat roof - 3 cm
é glazed wir glazed wir windows|or double indc roof - 10 cm
with metallic \wood/plastic with metallic with metallic windows with  |with metallic Floor on the ground - 0 cm
frame frame frame frame metallic frame _|frame Walls to the ground - 3 cm
[Externarwall - 5 cr
o Wall to unheated space - 5 ci
+ |Additional Additional Additional Additional Additional Additional Attic slab - 10 cm
g insulation, insulation, insulation, insulation, insulation, insulation, Cellar ceiling - 5 cm
2 |double glazed [double glazed |double glazed |double glazed |double glazed |double glazed |Arcade slab - 10 cm
g windows with ~ fwindows with  {windows with  |windows with  (windows with  |windows with  |Flat roof - 5 cm
E |metallic frame |metallic frame |metallic frame [metallic frame |metallic frame [metallic frame |Pitched roof - 10 cm
and noble gas |and noble gas |and noble gas |and noble gas [and noble gas [and noble gas |Floor on the ground - 5 cm
filling filling filling filling filling filling \Walls to the ground - 5 cm
External wall - 8 cr
~ 'Wall to unheated space - 8 ci
2 Attic slab - 10 cm
g Additional Additional Additional Additional Additional Additional Cellar ceiling - 8 cm
Q |insulation, triple [insulation, triple |insulation, triple |insulation, triple |insulation, triple |insulation, triple |Arcade slab - 10 cm
£ |glazed wir i i i i i lat roof - 5 cm
E |with metallic with metallic with metallic with metallic with metallic with metallic Pitched roof - 10 cm
frame and and r and and r and and noblgFloor on the ground - 5 cm
gas filing gas filing gas filing gas filing gas filing gas filing Walls to the ground - 5 cm

Additional insulation

BAU renovation

Improvement 1

Improvement 2

Xternal wall -
Wall to unheated space - O ci
Attic slab - 5 cm
Cellar ceiling - 3 cm
Arcade slab - 0 cm
Flat roof - 3 cm
Pitched roof - 10 cm
Floor on the ground - 0 cm
\Walls to the ground - 3 cm

Xternal wall -
all to unheated space - 5 c
Attic slab - 10 cm
Cellar ceiling - 5 cm
Arcade slab - 10 cm
Flat roof - 5 cm
Pitched roof - 10 cm
Floor on the ground - 5 cm
\Walls to the ground - 5 cm

Xternal wall - 8 ¢t
all to unheated space - 8 c
Attic slab - 10 cm

Floor on the ground - 5 cm
\Walls to the ground - 5 cm
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Heating Cooling Yearly global radiation
HDD |zH CDD |zC North| Easf South Wept Glohal
hK/a h/a hK/a | h/a kWh/(mza)

Zone A| 1330| 4368,0 665 4392|0 372 951 1234 924 1552
Zone B[ 1673,4 4368,0 756|8 4393,0 372 951 1P34 P24 1552
Zone C| 2600| 4368,0 385(1 22080 362 922 1195 B78 1480
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Dormitory| Hospital Kindergarten Offide Schqgol University

Ventilation [1/h] 0,5 0,9 0,9 0,8 0,9 0,9
Internal heat gain [W/r"ﬂ] 7,5 9 7,5 8,5 7,5 8,75
Design temperature winter [°C] 20
Design temperature summer [°C] 26

Present 20 20 8 2 0 5
DHW demand (BAU renovation 20 20 12 2 8 5
[kWh/m?] Standard renovatior] 20 16 10 15| 7 10

Ambitious renovation 20 16 8 1,5 7 10
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Heated hours [h/week]

k2

Renovation options|Present BAU Improvement |1 Improvemen
Dormitory 42 56 70 126
Hospital 56 84 126 168

Zone A Kin_dergarten 30 40 50 50
Office 30 40 50 50
Schools 20 30 40 NA
University 20 30 40 NA
Dormitory 42 56 70 126
Hospital 56 84 126 168

Zone Kin_dergarten 30 40 50 50
Office 30 40 50 50
Schools 20 30 40 NA
University 20 30 40 NA
Dormitory 49 63 77 133
Hospital 63 91 133 168

Zone O Kin_dergarten 35 45 55 55
Office 35 45 55 55
Schools 25 35 45 NA
University 25 35 45 NA

Cooled hours [h/week]

Renovation options|Present BAU Improvement |1l Improvemen
Dormitory 0 0 56 56
Hospital 42 56 70 70

Zone A Kin_dergarten 30 40 50 50
Office 40 50 50 50
Schools 15 30 30 NA
University 15 30 30 NA
Dormitory 0 0 56 56
Hospital 42 56 70 70

Zone Kin_dergarten 30 40 50 50
Office 40 50 50 50
Schools 15 30 30 NA
University 15 30 30 NA
Dormitory 0 0 0 0
Hospital 0 0 0 0
Kindergarten 0 0 0 0

Zone O tfice 0 0 0 0
Schools 0 0 0 NA
University 0 0 0 NA




Ventilated hours [h/week]

Renovation options|Present BAU Improvement |1 Improvemen
Dormitory 42 56 70 126
Hospital 56 84 126 168

Zone A Kin_dergarten 30 40 50 50
Office 30 40 50 50
Schools 20 30 40 NA
University 20 30 40 NA
Dormitory 42 56 70 126
Hospital 56 84 126 168

Zone Kin_dergarten 30 40 50 50
Office 30 40 50 50
Schools 20 30 40 NA
University 20 30 40 NA
Dormitory 49 63 77 133
Hospital 63 91 133 168

Zone O Kin_dergarten 35 45 55 55
Office 35 45 55 55
Schools 25 35 45 NA
University 25 35 45 NA
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Heated floor areas [%]

Renovation options |Present| BAU| Improvement 1f Improvement P
Dormitory 69 90 90 100
Hospital 58 80 100 100

Zone A Kin_dergarten 78 80 100 100
Office 61 90 100 100
Schools 70 80 100 NA
University 72 80 80 NA
Dormitory 69 90 90 100
Hospital 58 80 100 100

Zone Kin_dergarten 78 80 100 100
Office 61 90 100 100
Schools 70 80 100 NA
University 72 80 80 NA
Dormitory 69 90 90 100
Hospital 58 80 100 100

Zone O Kin_dergarten 78 80 100 100
Office 61 90 100 100
Schools 70 80 100 NA
University 72 80 80 NA

Cooled floor areas [%]

Renovation options |Present| BAU| Improvement 1f Improvement P
Dormitory 0 20 50 70
Hospital 17 50 80 90

Zone A Kindergarten 22 30 50 80
Office 40 70 90 100
Schools 0 30 50 NA
University 40 40 40 NA
Dormitory 0 20 50 70
Hospital 17 50 80 90
Kindergarten 22 30 50 80

Zone -

Office 40 70 90 100
Schools 0 30 50 NA
University 40 40 40 NA
Dormitory 0 0 0 0
Hospital 0 0 0 0
Kindergarten 0 0 0 0

Z0ne G trice 0 | o0 0 0
Schools 0 0 0 NA
University 0 0 0 NA




Ventilated floor areas [%]

Renovation options |Present| BAU| Improvement 1f Improvement P
Dormitory 0 20 30 50
Hospital 0 30 40 60
Kindergarten 0 0 20 50

£0ne Al Sffice 0 | 10 50 60
Schools 0 0 50 NA
University 0 5 5 NA
Dormitory 0 20 30 50
Hospital 0 30 40 60

Zone Kindergarten 0 0 20 50
Office 0 10 50 60
Schools 0 0 50 NA
University 0 5 5 NA
Dormitory 0 20 30 50
Hospital 0 30 40 60
Kindergarten 0 0 20 50

£0ne Ui tfice 0 | 10 50 60
Schools 0 0 50 NA
University 0 5 5 NA




@

Dormitory

Present and BAU

Improvement 1

NJ

Improvement

Climatic zone

Direct electric
heating, 80%,

Heat pump, 809
SCOP=300%

,Heat pump, 609
SCOP=400%

i

Gas boiler, 0%,
T]b:80%

N,=100%
Wooden stove,| Pellet boiler, 0%)] Pellet boiler,
0%, n,=60% N,=85% 20%,1,=85%
Gas boiler (low Gas boiler

temperature),
20%,1,=90%

(condensing),
20%,m,=98%

Oil boiler, 20%,
N,=80%

Oil boiler (low
temperature), 09
ﬂb:90%

Oil boiler (low
temperature), 09
T]b:95%

Climatic zone B

Direct electric
heating, 80%,

Heat pump, 809
SCOP=300%

,Heat pump, 609
SCOP=400%

T]b:80%

Nb=100%
Wooden stove,| Pellet boiler, 0%| Pellet boiler,
0%,n,=60% Nb=85% 20%,m,=85%
Gas boiler, 0%, Gas boiler (low Gas b0|!er
temperature), | (condensing),

20%,1,=90%

20%,1,=98%

Oil boiler, 20%,
N,=80%

Oil boiler (low
temperature), 09
ﬂb:90%

Oil boiler (low
temperature), 09
T]b:95%

Climatic zone ¢

Direct electric
heating, 15%,

Heat pump, 409
SCOP=300%

,Heat pump, 409
SCOP=400%

N,=100%
Wooden stove,| Pellet boiler, Pellet boiler,
50%,1,=60% 40%,n,=85% 40%,1,=85%
[ Gas boiler (low|  Gas boiler

Gas boiler, 0%,
T]b:80%

temperature),
20%,1,=90%

(condensing),
20%,m,=98%

Oil boiler, 35%,
N,=80%

temperature), 09

Oil boiler (low

ﬂb:90%

temperature), 09

Oil boiler (low

T]b:95%




Hospital

Present and BAU

Improvement 1

Improvement

Heat pump, 759
SCOP=220%

Heat pump, 90%
SCOP=300%

Heat pump,
100%,
SCOP=400%

NJ

Wooden stove,

Pellet boiler, 0%

. Pellet boiler, 0%

Climatic zone A

N,=80%

0%, n,=60% Ny=85% N,=85%
Gas boiler, 0%, Gas boiler (Iovxé Gas poﬂer i
_g00, |l€mperature), 0% (condensing), O
b np=90% N,=98%
Oil boiler, 25%, Oil boiler (low | Oil boiler (low
temperature), [temperature), 09

SCOP=220%

10%,1,=90% N5=95%
Heat pump, 7504,Heat pump, 90%, St PUMP,
PUmp, [oVpTET U = 100%,

SCOP=300%

SCOP=400%

Wooden stove,

Pellet boiler, 0%

. Pellet boiler, 0%

Climatic zone B

N,=80%

O%!nb:60% T]b:85% nb:85%
Gas boiler, 0%, Gas boiler (Iovxé Gas poﬂer i
_g00, |l€mperature), 0% (condensing), O
" n,=90% n,=98%
Oil boiler, 25%, Oil boiler (low | Oil boiler (low
temperature), |temperature), 09

T]b:95%

Heat pump, 159
SCOP=220%

Heat pump, 50%
SCOP=300%

,Heat pump, 509
SCOP=400%

Climatic zone ¢

N,=80%

Wooden stove,| Pellet boiler, | Pellet boiler,
50%,n,=60% | 30%,n,=85% | 50%,n,=85%
Gas boiler, 0%, S35 boler (lov‘(’) Gas boiler 0
_g09, |l€mperature), 0% (condensing), O
" n,=90% n,=98%
Oil boiler, 35%, Oil boiler (low | Oil boiler (low
temperature), [temperature), 09

20%,1,=90%

T]b:95%




Kind

ergarten

Present and BAU

Improvement 1

NJ

Improvement

Direct electric
heating, 74%,

SCOP=300%

Heat pump, 74%

,Heat pump, 739
SCOP=400%

Climatic zone A

T]b:80%

Gas boiler, 10%

N,=100%
Wooden stove,| Pellet boiler, Pellet boiler,
4%, 1,=60% 12%,1,=85% 15%,1,=85%
Gas boiler (low Gas boiler

temperature), 89
Nb=90%

(condensing),
12%,m,=98%

Oil boiler, 12%,
N,=80%

Oil boiler (low
temperature), 69
ﬂb:90%

Oil boiler (low
temperature), 09
T]b:95%

Direct electric
heating, 74%,

Heat pump, 74%
SCOP=300%

,Heat pump, 739
SCOP=400%

Climatic zone B

Gas boiler, 10%
T]b:80%

N,=100%
Wooden stove,| Pellet boiler, Pellet boiler,
4%, 1,=60% 12%,1,=85% 15%,1,=85%
Gas boiler (low Gas boiler

temperature), 89
Nb=90%

(condensing),
12%,m,=98%

Oil boiler, 12%,
N,=80%

Oil boiler (low
temperature), 69
ﬂb:90%

Oil boiler (low
temperature), 09
T]b:95%

Direct electric
heating, 21%,
N,=100%

Heat pump, 45%
SCOP=300%

,Heat pump, 409
SCOP=400%

Wooden stove,
60%,1,=60%

Pellet boiler,
35%,1,=85%

Pellet boiler,
40%,1,=85%

Climatic zone ¢

L

Gas hoiler, 4%,
T]b:80%

Gas boiler (low
temperature),
10%,n,=90%

Gas boiler
(condensing),
10%,1m,=98%

Oil boiler, 15%,
N,=80%

Oil boiler (low
temperature),
10%,n,=90%

Oil boiler (low
temperature),

10%,1,=95%




Office

Present and BAU

Improvement 1

NJ

Improvement

Direct electric
heating and heg
pump, 70%,
SCOP=150%

tHeat pump, 80%

SCOP=300%

Heat pump, 709
SCOP=400%

Climatic zone A

Wooden stove,| Pellet boiler, 5%| Pellet boiler,

10%,n,=60% Nb=85% 10%,n,=85%

Gas boiler, 0%, Gas boiler (low Gas b0|!er
temperature), | (condensing),

T]b:80%

15%,1,=90%

20%,1,=98%

Oil boiler, 20%,
N,=80%

Oil boiler (low
temperature), 09
ﬂb:90%

Oil boiler (low
temperature), 09
T]b:95%

Direct electric
heating and heg
pump, 70%,
SCOP=150%

tHeat pump, 80%
SCOP=300%

,Heat pump, 709
SCOP=400%

Climatic zone B

Wooden stove,| Pellet boiler, 5%| Pellet boiler,

10%,n,=60% Nb=85% 10%,n,=85%

Gas boiler, 0%, Gas boiler (low Gas b0|!er
temperature), | (condensing),

T]b:80%

15%,1,=90%

20%,1,=98%

Oil boiler, 20%,
N,=80%

Oil boiler (low
temperature), 09
ﬂb:90%

Oil boiler (low
temperature), 09
T]b:95%

Direct electric
heating and heg
pump, 21%,
SCOP=150%

tHeat pump, 20%
SCOP=300%

,Heat pump, 159
SCOP=400%

Climatic zone ¢

Gas hoiler, 4%,
T]b:80%

Wooden stove,| Pellet boiler, Pellet boiler,
54%,1,=60% 60%,1,=85% 60%,1,=85%
[ Gas boiler (low|  Gas boiler

temperature),
10%,n,=90%

(condensing),
15%,m,=98%

Oil boiler, 15%,
N,=80%

Oil boiler (low
temperature),

Oil boiler (low
temperature),
10%,1,=95%

15%,1,=90%




School

Present and BAL

Improvement 1

Direct electric
heating, 76%,

Heat pump, 80%
SCOP=300%

Climatic zone A

N,=100%
Wooden stove,| Pellet boiler, 0%
Gas boiler, 4%, ©2° boiler (low
temperature),

N,=80%

15%,nb:90%

Oil boiler, 16%,
N,=80%

Oil boiler (low
temperature), 59
Nb=90%

Direct electric
heating, 76%,
n,=100%

Heat pump, 80%
SCOP=300%

Wooden stove,

Pellet boiler, 0%,

Climatic zone B

Gas boiler, 4%, ©2° boiler (low
temperature),

N,=80%

15%,nb:90%

Oil boiler, 14%,
N,=80%

Oil boiler (low
temperature), 59
Nb=90%

Direct electric
heating, 27%,
N,=100%

Heat pump, 20%
SCOP=300%

Wooden stove,
54%,11b:60%

Pellet boiler,
60%,nb:85%

Climatic zone ¢

Gas boiler, 4%,
Npb=80%

Gas boiler (low
temperature),
10%,nb:90%

Oil boiler, 15%,
N,=80%

Oil boiler (low
temperature),
10%,1,=90%




@

University

Present and BAU

Improvement 1

Heat pump, 84%
SCOP=220%

Heat pump, 95%
SCOP=300%

Wooden stove,
0%, 1,=60%

Pellet boiler, 0%
N,=85%

Climatic zone A

Gas boiler, 0%,
T]b:80%

Gas boiler (low
temperature), 09
Nb=90%

Oil boiler, 20%,
Ny=16%

Oil boiler (low
temperature), 59
T]b:90%

Heat pump, 80%
SCOP=220%

Heat pump, 95%
SCOP=300%

Wooden stove,
0%, 1,=60%

Pellet boiler, 0%
N,=85%

Climatic zone B

Gas boiler, 0%,
T]b:80%

Gas boiler (low
temperature), 09
Nb=90%

Oil boiler, 20%,
N,=80%

Oil boiler (low
temperature), 59
T]b:90%

Heat pump, 15%
SCOP=220%

,Heat pump, 35%
SCOP=300%

Wooden stove,
45%,m,=60%

Pellet boiler, 559
N,=85%

Climatic zone ¢

L

Gas boiler, 5%,
T]b:80%

Gas boiler (low
temperature), 09
Nb=90%

Oil boiler, 35%,
N,=80%

Oil boiler (low
temperature),

10%,1,=90%
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| TOGETHER _

Dormitory

Present

BAU

Improvement 1

Improvement 2

Direct electric
heating, 80%,
Nb=98%

Direct electric
heating, 90%,
Nb=98%

Direct electric
heating, 80%,
nb=98%

Heat pump, 609
SCOP=400%

Wooden stove,

Wooden stove,

Pellet boiler, 0%

Pellet boiler, 0%

Climatic zone 4
N,=80%

N,=80%

0%, n,=60% 0%, n,=60% Np=85% Np=85%
Gas boiler, 0%, Gas boiler, 0%, Gas boiler (low Gas b0|!er
\ temperature), | (condensing),

20%,1,=90%

20%,1,=98%

Oil boiler, 20%,

Oil boiler, 10%,

temperature), 09

Oil boiler (low

temperature), 09

Oil boiler (low

= 0 o 0,
1,=80% 1,=80% 15=90% 1=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 20%

Direct electric
heating, 80%,

Direct electric
heating, 90%,

Direct electric
heating, 80%,

Heat pump, 609
SCOP=400%

Climatic zone H
N,=80%

N,=80%

Np=98% Np=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% Np=85% Np=85%
Gas boiler, 0%, Gas boiler, 0%, Gas boiler (low Gas b0|!er
B temperature), | (condensing),

20%,1,=90%

20%,1,=98%

Oil boiler, 20%,
N,=80%

Oil boiler, 10%,
N,=80%

temperature), 09

Qil boiler (low

Qil boiler (low
temperature), 09

N,=90% Np=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 20%

Direct electric
heating, 35%,

Direct electric
heating, 50%,

Direct electric
heating, 40%,

Heat pump, 509
SCOP=400%

. Gas boiler, 0%,

Climatic zone ¢
Nb=80%

Gas boiler, 0%,
N,=80%

Nb=98% Nb=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, Pellet boiler,
30%,1,=60% | 40%,n,=60% | 40%,n,=85% | 20%,n,=85%
Gas boiler (low Gas boiler

temperature),
20%,1,=90%

(condensing),
20%,Mm,=98%

Oil boiler, 35%,
N,=80%

Oil boiler, 10%,
N,=80%

Oil boiler (low
temperature), 09

Oil boiler (low
temperature), 09

nb:90% nb:95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 10%
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Hospital

Present

BAU

Improvement 1

Improvement 2

Direct electric
heating, 45%,

Direct electric
heating, 55%,

Direct electric
heating, 80%,

Heat pump, 809
SCOP=400%

Climatic zone 4

Nb=98% Nb=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% Np=85% Np=85%
Gas boiler (low Gas boiler

Gas boiler, 0%,
N,=80%

Gas boiler, 0%,
N,=80%

temperature), 09

(condensing),

np=90% 0%,1,=98%
Oil boiler, 50%,| Oil boiler, 40%,| O" Poller (low ) il boiler (low
=80% ~80% temperature), |temperature), 09
i v 10%,1,=90% ny=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
S% 5% 10% 20%

Direct electric
heating, 45%,

Direct electric
heating, 55%,

Direct electric
heating, 80%,

Heat pump, 809
SCOP=400%

Climatic zone H

Np=98% Np=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, np,=60% 0%, np,=60% Np=85% Np=85%
Gas boiler (low Gas boiler

Gas boiler, 0%,
N,=80%

Gas boiler, 0%,
N,=80%

temperature), 09

(condensing),

Nb=90% 0%, 1n,=98%
Ol boiler, 50%,| Ol boiler, 40%,| O1 Poiler (low | il boiler (low
’ ’ ! "I temperature), [temperature), 09

N,=80%

N,=80%

10%,1,=90% Np=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
5% 5% 10% 20%

Direct electric
heating, 100%,

Direct electric
heating, 100%,

Direct electric
heating, 40%,

Heat pump, 509
SCOP=400%

Climatic zone (

Nb=98% Nb=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, Pellet boiler,
0%, n,=60% 0%, n,=60% 30%,1,=85% | 30%,1,=85%
Gas boiler (low Gas boiler

. Gas boiler, 0%,

Gas boiler, 0%,

temperature), 09

(condensing),

N,=80% N,=80% 200% 0%, 085
Oil boiler, 0%, | Oil boiler, 0%. Oil boiler (low | Oil boiler (low
=80% ~80% temperature), |temperature), 09
e nb 20%,1,=90% N5=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 10% 20%
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Kindergarten

Present

BAU

Improvement 1

Improvement 2

Climatic zone 4

Direct electric
heating, 74%,

Direct electric
heating, 74%,

Direct electric
heating, 69%,

Heat pump, 639
SCOP=400%

Gas boiler, 10%
N,=80%

\

,Gas boiler, 10%
N,=80%

Nb=98% Nb=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, Pellet boiler,
4%, 1,=60% 4%, 1,=60% 12%,m,=85% | 15%,n,=85%
Gas boiler (low Gas boiler

‘temperature), 89
Nb=90%

(condensing),
12%,1,=98%

Oil boiler, 12%,

Oil boiler, 12%,

Oil boiler (low
temperature), 69

Oil boiler (low
temperature), 09

= 0 = 0,
1,=80% 1,=80% 1=90% 1=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 5% 10%

Direct electric
heating, 74%,

Direct electric
heating, 74%,

Direct electric
heating, 69%,

Heat pump, 639
SCOP=400%

Climatic zone H

;Gas boiler, 10%
N,=80%

,Gas boiler, 10%
N,=80%

Np=98% Np=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, Pellet boiler,
4%, 1,=60% 4%, 1,=60% 12%,m,=85% | 15%,n,=85%
Gas boiler (low Gas boiler

‘temperature), 89
Np=90%

(condensing),
12%,1,=98%

Oil boiler, 12%,
Np=80%

Oil boiler, 12%,
N,=80%

Qil boiler (low
temperature), 69

Qil boiler (low
temperature), 09

N,=90% Np=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 5% 10%

Direct electric
heating, 21%,

Direct electric
heating, 21%,

Direct electric
heating, 42%,

Heat pump, 359
SCOP=400%

Climatic zone (

. Gas boiler, 4%,
[ 1n,=80%

Gas boiler, 4%,
Nr=80%

Nb=98% Nb=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, Pellet boiler,
60%,1,=60% | 60%,1n,=60% | 35%,n,=85% | 40%,n,=85%
Gas boiler (low Gas boiler

temperature),
10%,1,=90%

(condensing),
10%,1,=98%

Oil boiler, 15%,
N,=80%

Oil boiler, 15%,
N,=80%

Oil boiler (low
temperature),
10%,1,=90%

Oil boiler (low
temperature),
10%,1,=95%

Solar collector,

Solar collector,

0%

Solar collector,

0%

3%

Solar collector,
5%
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Office

Present

BAU

Improvement 1

Improvement 2

Direct electric
heating, 70%,

Direct electric
heating, 75%,

Direct electric
heating, 75%,

Heat pump, 629
SCOP=400%

Climatic zone 4

N,=80%

N,=80%

15%,1,=90%

Nb=98% Nb=98% nb=98%
Wooden stove,l] Wooden stove,| Pellet boiler, 5% Pellet boiler,
10%,1,=60% 5%, 1,=60% N,=85% 10%,1,=85%
Gas boiler, 0%, Gas boiler, 10%, Gas boiler (low Gas b0|!er
\ temperature), | (condensing),

20%,1,=98%

Oil boiler, 20%,

Oil boiler, 10%,

Oil boiler (low
temperature), 09

Oil boiler (low
temperature), 09

= 0 = 0,
1,=80% 1,=80% 1=90% 1=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 5% 8%

Direct electric
heating, 70%,

Direct electric
heating, 80%,

Direct electric
heating, 75%,

Heat pump, 629
SCOP=400%

Climatic zone H

N,=80%

N,=80%

15%,1,=90%

Np=98% Np=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, 5% Pellet boiler,
10%,1,=60% 5%, n,=60% Np=85% 10%,1,=85%
b Gas boiler, 0%, Gas boiler, 5%, Gas boiler (low Gas b0|!er
temperature), | (condensing),

20%,1,=98%

Oil boiler, 20%,
Np=80%

Oil boiler, 10%,
N,=80%

Qil boiler (low
temperature), 09

Qil boiler (low
temperature), 09

N,=90% Np=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 5% 8%

Direct electric
heating, 21%,

Direct electric
heating, 15%,

Direct electric
heating, 12%,

Heat pump, 109
SCOP=400%

Climatic zone (

. Gas boiler, 0%,
[ 1n,=80%

Gas boiler, 10%
Nr=80%

temperature),
10%,1,=90%

Nb=98% Nb=98% nb=98%
Wooden stove,| Wooden stove,| Pellet boiler, Pellet boiler,
54%,1,=60% | 60%,n,=60% | 60%,n,=85% | 60%,n,=85%
Gas boiler (low Gas boiler

(condensing),
15%,1,=98%

Oil boiler, 25%,
N,=80%

Oil boiler, 15%,
N,=80%

Oil boiler (low
temperature),
15%,1,=90%

Oil boiler (low
temperature),
10%,1,=95%

Solar collector,

0%

Solar collector,

0%

Solar collector,

3%

Solar collector,
5%
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School

Present

BAU

Improvement 1

Improvement 2

Direct electric
heating, 0%,

Direct electric
heating, 100%,

Direct electric
heating, 100%,

Heat pump,
100%,

Climatic zone A

Gas boiler, 0%,

Gas boiler, 0%,

Nb=98% Nb=98% nb=98% SCOP=400%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% Np=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

n=80% n=80% 1,=90% 0%, 1,=98%
Oil boiler, 0%. | Oil boiler. 0%, Oil boiler (low | Oil boiler (low
~80% ~80% temperature), 09temperature), 09
Mo Mo n,=90% N,=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 0%
Direct electric | Direct electric | Direct electric Heat pump,
heating, 0%, | heating, 100%,| heating, 100%, 100%,

Climatic zone H

b Gas boiler, 0%,

Gas boiler, 0%,

Np=98% N,=98% nb=98% SCOP=400%
Wooden stove,l] Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, np,=60% N,=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

ns=80% ns=80% 1,=90% 0%, n,=98%
Oil boiler, 0%, | Oil boiler, 0%, Qil boiler (low | Oil boiler (low
~30% ~30% temperature), 09temperature), 09
Mo Mo 1,=90% n,=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 0%
Direct electric | Direct electric | Direct electric Heat pump,
heating, 0%, | heating, 100%,| heating, 100%, 100%,

Climatic zone (

. Gas boiler, 0%,

”

Gas boiler, 0%,

Nb=98% Nb=98% nb=98% SCOP=400%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% N,=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

Np=80% Nb=80% 1=90% e
Oil boiler, 0%, | Oil boiler, 0%, Oil boiler (low | Oil boiler (low
=80% ~80% temperature), 09temperature), 09
i v 1,=90% 15=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
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University

Present

BAU

Improvement 1

Improvement 2

Direct electric
heating, 100%,

Direct electric
heating, 100%,

Direct electric
heating, 100%,

Heat pump,
100%,

Climatic zone A

Gas boiler, 0%,

Gas boiler, 0%,

Nb=98% Nb=98% nb=98% SCOP=400%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% Np=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

n=80% n=80% 1,=90% 0%, 1,=98%
Oil boiler, 0%. | Oil boiler. 0%, Oil boiler (low | Oil boiler (low
~80% ~80% temperature), 09temperature), 09
Mo Mo n,=90% N,=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 0%
Direct electric | Direct electric | Direct electric Heat pump,
heating, 100%,| heating, 100%,| heating, 100%, 100%,

Climatic zone H

b Gas boiler, 0%,

Gas boiler, 0%,

Np=98% N,=98% nb=98% SCOP=400%
Wooden stove,l] Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, np,=60% N,=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

ns=80% ns=80% 1,=90% 0%, n,=98%
Oil boiler, 0%, | Oil boiler, 0%, Qil boiler (low | Oil boiler (low
~30% ~30% temperature), 09temperature), 09
Mo Mo 1,=90% n,=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
0% 0% 0% 0%
Direct electric | Direct electric | Direct electric Heat pump,
heating, 100%,| heating, 100%,| heating, 100%, 100%,

Climatic zone (

. Gas boiler, 0%,

”

Gas boiler, 0%,

Nb=98% Nb=98% nb=98% SCOP=400%
Wooden stove,| Wooden stove,| Pellet boiler, 0% Pellet boiler, 0%
0%, n,=60% 0%, n,=60% N,=85% N,=85%
Gas boiler (low Gas boiler

temperature), 09

(condensing),

Np=80% Nb=80% 1=90% e
Oil boiler, 0%, | Oil boiler, 0%, Oil boiler (low | Oil boiler (low
=80% ~80% temperature), 09temperature), 09
i v 1,=90% 15=95%
Solar collector,| Solar collector,| Solar collector,| Solar collector,
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At Fund

Present state and

BAU renovation

Climate zone A Heat pump, EERF2 Heat pump, EER>3 Heaip, EER>3
Climate zone B Heat pump, EER32 Heat pump, EER>3 pleap, EER>3
Climate zone ¢ Heat pump, EER32 Heat pump, EER>3 piaap, EER>3

Improvement 1 Improvement 2

hészivattyl esetén dités és tités is egy egységirmegy!
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Present state and BAU

renovation
Existing exhaust system New exhaistesy| Balanced ventilation syst
Existing exhaust system New exhaisieny| Balanced ventilation syst
Existing exhaust system New exhawstesy Balanced ventilation syst

Improvement 1 Improvement 2

11

Climate zone A
Climate zone B
Climate zone ¢

11

7o

11
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At Fund

@

primary-to-final | specific CQ

Energy carrier energy factor | emissions
[KWh/KWh] [kg/kwh]

Wood biomass 0,2 0
Electrical energy 1,01 0
LPG 1,1 0,227
Oll 1,2 0,267
Solar energy 0 0




CENTRAL EUROPI

(10 ] -
werreg @

Climatic Zone A
D1 D2 D3 D4 [HL H2 H3 H4 KL K2 o1 02 03 04 [ s1 | s2 S3 sS4 UL u2 u3 U4
Heating [kWhin] 19,1 27, 10, 167 174 306 263 .8 7.7 116 2[15 25, 12, 10/ ol 138 8 101 155 7.1
DHW [kWh/m2] 20, 20, 200 200 200 200 160 6.0 8,0 2, 2] 15 1]5 . 0 0 5.0 5,0 0,0
Cooling [kWh/m2] 0, 0, 50 7/a 15 644 172 183 10 5, 12, 236 229 4.0 7 .9 R.1 4.2 6.7
70,0
60,0
50,0
40,0
30,0
20,0
| i
D1 D2 D3 D4 HL H2 H3 H4 KL K2 K3 K4 Ol 02 03 sS4 UL U2 U3 U4
= Cooling [kWh/m2] 0,0 00 59 74 15 64 17,2183 1,0 20 7,0 97 52 121238 20 1,7 3,9 21 42 67
mDHW [kWh/m2] 20,0 20,0 20,0 20,0 20,0 20,0 16,0 16,0 8,0 12,0100 80 2® 25 15 00 80 7,0 50 50 100
m Hoatina lAAMh/m2 (19127 410016717430 F2R223F17 718413211 F152257512110% QF 13f RF AN1IRE 71
Climatic Zone B
D1 D2 D3 D4 [HL H2 H3 H4 KL K2 K3 [ K4 o1 02 03 04 [ s1 | s2 S3 sS4 UL u2 u3 U4
Heating [kWhin] 25,2 36, 13, 23p 234 4ada  3ba ¥ 3,6 82 160 2[20 34, 16, 14/ 12l8 145 122 B85 207 9.9
DHW [kWh/m2] 20, 20, 200 200 200 200 160 6.0 8,0 12 o 10, 2, 2] 15 1]5 . 0 .0 5.0 5,0 0,0
Cooling [kWh/m2] 0, 0, 57 712 14 41 166 177 10 20 17, e,s 5, 11, 230 223 q.0 7 .0 2.0 4.0 6.5
80,0
70,0

60,0
50,0

40,0
30,0
20,0
10,0 I I

D1 D2 D3 D4 H1 H2 H3 H4 K1 K2 K3 K4 O1 02 O3 04 Sl S2 S$3 S4 Ul U2 U3 U4

¥ Cooling [kwh/m2] 00 00 57 72 14 61 16,6177 1,0 20 7,1 98 50 11,5238 Z20 1,7 4,0 20 40 65
W DHW [kWh/m2] 20,0 20,0 20,0 20,0 20,0 20,0 16,0 16,0 8,0 12,0 10,0 80 2@ 25 1,5 00 80 7,0 5,0 5,0 10,0
= Haatine AMhim2 (25 3R 213 £ 23223441 L3R £ 32123 F 247182 1R (202342 1R£145 12 £18E 127 128207 ac

Climatic Zone C |
D1 D2 D3 D4 [HL [H2 H3 H4 KL K2 K3 [ K4 o1 02 03 04 [ s1 | s2 S3 sS4 ur | w2 u3 U4
Heating [kWhin] 49,2 68, 27, 43 asls 78 617 .1 6.5 57 314 839 65, 34, 28] 271 3ds 26 288 414 0.1
DHW [kWh/m2] 20, 20, 200 200 200 200 160 6.0 8,0 12 o 10, 2, 2] 15 1/5 4,0 0 0 .0 5,0 0,0
Cooling [kWh/m2] 0, 0, 0o oo 0,0 .0 .0 0.0 0.0 0,0 l0.0 .o 0 od 0, 0, 0, olo 00 4,0 9,0 .0 0,0
120,0
100,0

80,0

60,0
40,0
- I I I I I I I I

D1 D2 D3 D4 H1 H2 H3 H4 K1 K2 K3 K4 O1 O2 O3 O4 S1 S2 S3 S4 Ul U2 U3 U4
® Cooling [kwh/m2] 0,0 0,0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0,0 0,0 0,0
W DHW [kWh/m2] 20,0 20,0 20,0 20,0 20,0 20,0 16,0 16,0 8,0 12,0 10,0 80 2@ 25 1,5 00 80 7,0 5,0 5,0 10,0
= Haatine AMhim2 40 % AR €27 £ 432 AR % 77 £ R7 7 AN 14RE A7 735731 £ 20 £ RRE A 2R £ 27 13R £ 24 F 285414901
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Climatic Zone A

Dormitory Hospital Kindergarten Office School [ University
Heating [kWh/rf] 19,1 17, 17} 15]2 e 1d.1
DHW [kWh/m2] 20,( 20,(] 8,(] 2, 0,(] 5,
Cooling [KWh/m2] 0,(] 1F 1] 5.7 0,(] 2,]]
45,0
40,0
35,0
30,0
25,0
20,0
15,0
10,0
o
0.0 . " " P
Dormitory Hospital Kindergarten Office School University
= Cooling [KWh/m2] 0,0 15 1,0 52 0,0 21
B DHW [kWh/m2] 20,0 20,0 8,0 2,0 0,0 5,0
m Heatina [k\Wh/m?2 19.1 17.¢ 173 152 9.€ 10.1
Climatic Zone B
Dormitory Hospital Kindergarten Office School | University
Heating [kWh/nf] 25,9 23, 23, 20f2 128 13,5
DHW [kWh/m2] 20, 20,( 8,(] 2,(] 0,(] 5.(
Cooling [kWh/m2] 0,(] 1.4 1, 5,(] 0,(| 2,(]
50,0
40,0
30,0
20,0
10,0 .
0,0
Dormitory Hospital Kindergarten Office School University
m Cooling [KWh/m2] 0,0 1,4 1,0 5,0 0,0 2,0
B DHW [kWh/m2] 20,0 20,0 8,0 2,0 0,0 5,0
m Heatina l\Ath/m?2 257 232 23 € 202 12.¢ 13F
Climatic Zone C
Dormitory Hospital Kindergarten Office School [ University
Heating [kWh/rf] 49,2 45, 46,5 39l8 271 248
DHW [kWh/m2] 20,( 20,(] 8,(] 2, 0,(] 5,
Cooling [kWh/m2] 0,C] 0,C] 0,C] 0,C] 0,C] 0,(]
80,0
70,0
60,0
50,0
40,0
30,0
20,0
10,0
0.0 . " " P
Dormitory Hospital Kindergarten Office School University
= Cooling [KWh/m2] 0,0 0,0 0,0 0,0 0,0 00
B DHW [kWh/m2] 20,0 20,0 8,0 2,0 0,0 5,0
® Heatina [k\Wh/m?2 492 45% 46.F 39.¢ 271 28.¢
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20

nac

31,6
ar

Climatic Zone A
D1 D2 D3 D4 [HL H2 H3 H4 KL K2 K3 K4 o1 02 03 04 [ s1 | s2 S3 sS4 UL u2 u3 U4
Heating [kWh/nf] 19.1) 27, 10, 167 174 306 263 .8 7.7 116 215 25, 12, 10, o6 138 .8 101 155 7.1
DHW [KWh/m2] 20, 20, 20,0 200 200 200 16,0 6.0 8,0 8, 2, 2] 15 1[5 .0 0 0 5.0 5.0 0.0
Cooling [kWh/m2] 0, 0, 50 74 15 64 172 183 1.0 9.7 5, 12, 236 229 4.0 7 .9 p.I 2.2 6.7
Dormitory _|Hospital | Kil h_Office School| _Univegit 70,0
Present state . 339 258 2.4 9.6 7,
BAU i 47, 57, 325 398 285 247 60,0
1 358 59/4 303 3713 107  23¢ 50,0
2 441 581 293 33,7 .0 0.0 400
300
200
100
0,0
Dormitory Hospital Kindergarten Office School Univeysit
W Present state 39,1 38,9 26,8 224 9,6 172
WBAU renovation 47,4 57,0 325 39,8 235 24,7
wimprovement1 358 59,4 303 373 19,7 2338
- . o1 a0z EyE ac ac
Climatic Zone B
D1 D2 D3 D4 [HL H2 H3 H4 KL K2 K3 [ K4 o1 02 03 04 [ s1 | s2 S3 sS4 UL u2 u3 U4
Heating [kWh/nf] 25,2 36, 13, 23p 234 4ada  3ba 1 3.6 4,7 82 160 220 34, 16, 14 12)8 185 122 1B5 207 9.9
DHW [KWh/m2] 20, 20, 20,0 200 200 200 16,0 6.0 80 12,0 10, 8, 2, 2] 15 1[5 .0 0 0 5.0 5.0 0.0
Cooling [kWh/m2] 0, 0, 517 712 14 61 166 177 1.0 20 17, o4 5, 11, 230 223 4.0 7 .0 p.0 4.0 6.5
Dormitory _|Hospital | Kil h_Office School| _Univegi 80,0
Present state 5 44,8 306 27,2 128 700
BAU i 56, 674 38l8 41,7 .
1 395 69]0 353 412 3 60,0
2 5004 66/8 338 38.0 50,0
40,0
300
20,0
10,0
0,0 " " " P
Dormitory Hospital Kindergarten Office School Univeysit
W Present state 452 448 326 27,2 12,8 205
WBAU renovation 56,3 67,4 3838 47,7 28,2 298
wimprovement1 39,5 69,0 353 41,2 231 264
- . Ens cac 2 20r ac ar
Climatic Zone C |
D1 D2 D3 D4 [HL [H2 H3 H4 KL K2 K3 [ K4 o1 02 03 04 [ s1 | s2 S3 sS4 [V A u3 U4
Heating [kWh/nf] 49,2 68, 27, 43 asls 78 617 1 6.5 7.7 5.7 314 839 65, 34, 28, 271 3ds 26 288 414 0.1
DHW [KWh/m2] 20, 20, 20,0 200 200 200 16,0 6.0 80 12,0 10, 2, 2] 15 1[5 q, 0 0 .0 5.0 0.0
Cooling [kWh/m2] 0, 0, 0o oo 0,0 .0 .0 0.0 0.0 0,0 l0.0 0 od 0, 0, 0, olo 00 4,0 9,0 .0 0,0
Dormitory | Hospital Kindergarteh_Office 1200
Present state 69.2 65.3 54,
BAU i 97, 59,7 100,0
1 474 83]7 48,7
2 632 7€I1 34,4 80,0
60,0
40,0
200
0,0
Dormitory Hospital Kindergarten Office School Univeysit
W Present state 69,2 653 545 418 27,1 338
WBAU renovation 88,9 97,8 59,7 67.5 44,8 46,4
mimprovement1 47,4 83,7 45,7 36,3 30,1

ar
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Climatic Zone A
D1 D2 D3 D4 H1 H2 H3 H4 K1 K2 K3 K4 o1 02 03 o4 S1 S2 S3 U1 u2 u3
Heating [kWh/ni] 22,9 32, 5, 7.6 13[9 245 123 .3 208 1,6 6,5 44 135 7[22, 6,1 4, 119 1641 49 49 10.6 .9
DHW [kWh/m2] 23 22,] 214 7.9 26, 25,4 15,6 3,2 9.2 13.¢ 9.4 2,7 2,2) 2,2| 1,5 0,€| 0,C] 8,2 7.2 5,2 5,2 10,9
Cooling [kWh/m2] 0,C] 0,C] 2,C] 2,5 0.8 3.2 5.8 6,2] 0.5 1,0 24 3,3 2,6 6,1] 8.C] 7.7 0,C] 0.9 1.3 1.]] 2,]] 2,3
60,0
50,0
40,0
30,0
20,0
' R
0,0
D1 D2 D3 D4 H1l H2 H3 H4 K1 K2 K3 K4 O1 O2 O3 04 S1 S2 S3 Ul U2 U3
m Cooling [kWh/m2] 0,0 00 20 25 08 32 58 62 05 10 24 33 26 61 80 77 00 13 11 21 23
B DHW [kWh/m2] 235 22,1 21,9 7,9 26,8 254 15,6 32 92 138 94 27 22 22 Q6 00 82 72 52 52 103
= Hoatina WAh/m? (22 C32¢ K& 76 13C24F 127 A% 20£21¢ A5 44 13E227 1 47 115161 4C AC 10F 20
Climatic Zone B
D1 D2 D3 D4 H1 H2 H3 H4 K2 K3 K4 o1 02 03 04 S1 S2 S3 U1l u2 u3
Heating [kWhIrvﬂ 30,3 43, 7, 106 187 331 17.0 .8 7.7 9,0 8,9 6,0 179 ,3(30 84 6, 14,6 211 6}8 19,0 15,3 #.0
DHW [kWh/m2] 23,5 22,] 21,4 7.9 26, 25/ 15, 3,2 9,2 13, 94 2,7| 2,2 2,2 15 0,€| 0, 8,2 7.2 5,2 5,2 10,3
Cooling [kWh/m2] 0, 0,(| 1, 2,4 0,7] 3,1 5,6 6,(] 0.5 1, 24 3, 2,5 5,€| 7.7 7.5 0, 0,¢| 1,3 1, 2, 2,2]
70,0
60,0
50,0
40,0
30,0
20,0
i il ianlnnhi
00 | |
D1 D2 D3 D4 H1 H2 H3 H4 K1 K2 K3 K4 O1 O2 O3 0O4 S1 S2 S3 Ul U2 U3
M Cooling [kWh/m2] 0,0 00 19 24 07 31 56 60 05 10 24 33 25 58 77 75 00 13 10 20 22
mDHW [kWh/m2] 235 22,1 21,9 7,9 268 254 156 32 92 138 94 27 22 22 Q6 00 82 72 52 52 103
m Heafina Ah/m? (30.% 436 7.7 10.F 187 33.117.C 8F 273 29( 89 A 17307 B4 A5 14211 AE 100157 40
Climatic Zone C
D1 D2 D3 D4 H1 H2 H3 H4 K2 K3 K4 o1 02 03 o4 S1 S2 S3 U1 u2 u3
Heating [kWh/ni] 47,1 66, 14,1 195 54,9 94.4 37.3 158 6,0 6,9 19,1 14,7 3131 514 19, 1456 22{0 39,0 126 2p.9 8,7 8,4
DHW [KWh/m2] 23 22,] 214 7.9 26, 25,4 15,6 3.2 9.2 13 9.4 2,7 2,2) 2,2| 1,5 0,€| 0,C] 8,2| 7.2 5,2 5,2 10,9
Cooling [kKWh/m2] 0,C] 0,C| 0,C] 0,C| 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,C] 0,q] 0,C] 0,q] 0,C] 0,C]
140,0
120,0
100,0
80,0
60,0
40,0
=1 1l 1
00 | | Isll 1 |

m Cooling [kWh/m2] 0,0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

B DHW [kWh/m2]
m Heatina WAWh/m?2 47 161141 19F 54C 04437 %15F 3R( RRC 19114721 5K1F 194 14F 220 30( 12F 26C23R7 R4

D1 D2 D3 D4 H1l H2 H3 H4 K1 K2 K3 K4 O1 O2 O3 04 S1 S2 S3 Ul U2 U3

235221219 79 268 254 156 3,2 92 138 94 27 22 22 06 00 82 72 52 52 103
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[ Climatic Zone A
D1 D2 D3 D4 H4 K1 K2 K3 Ka o1 02 03 04 | s1 s2_ | U4
Heating [kWh/nf] 22,9 32, 5, 12.3 3 208 1,6 6.5 44 135 7/22, 6.1 41 1, 1611 .6 p.9 2.3
DHW [KWh/m2] 23, 22, 219 156 B.2 9.2 38 49, 2.1 2, 2, 15 0l6 0j0 8.2 5.2 0.3 25
Cooling [kWh/m2] 0, 0, 200 .8 .2 0.5 1.0 24 33 24 6, 8, 7, 0l0 0j9 p.I 2.3 23
Dormitory _|Hospital__| K h_Office £ 60,0
Present state R 41,5 305 s
i 54, 53JL 36,5 % 50,0
1 290 33]6 143 1 H 40,0
2 179 15|17 14,4 £
3 300
Bl 20,0
5 100
5 !
2o I HsHI
g Dormitory Hospital Kindergarten Office School Univeysit
W Present state 46,4 415 305 18,3 11,2 131
WBAU renovation 54,9 53,1 36,5 31,0 252 17,9
Improvement 1 29,4 336 18,3 15,5 135 155
™ Improvement 2 17,9 15,7 10,4 13,0
Climatic Zone B
D1 D2 D3 D4 H4 K1 K2 K3 K4 o1 02 03 o4 U4
Heating [kWh/nf] 303 43, 7, 17.0 8 277 9,0 8.9 60 179 330 84 63 3 4.0 3,2
DHW [KWh/m2] 23, 22, 219 156 B.2 9.2 38 49, 2.1 2, 2, 15 0l6 5.2 0.3 25
Cooling [kWh/m2] 0, 0, 19 .6 .0 0.5 1.0 24 33 24 5, 7. 7, p.0 2.2 2,2
Dormitory _|Hospital__| K h_Office £ 700
Present state 5338 46,3 37.4 2 60.0
I 65, 616 438 < 3
1 315 381 24,7 1 g 50,0
2 208 180 14,1 £ 40,0
% 30,0
g 20,0
5 10,0 I I I
g o i
g Dormitory Hospital Kindergarten Office School Univeysit
m Plesent state 53,8 463 374 226 146 161
WBAU renovation 65,7 61,6 438 38,3 30,2 225
Improvement1 31,5 38,1 207 17,6 154 16,5
mimprovement2 20,8 18,0 12,1 14,6
Climatic Zone C
D1 D2 D3 D4 H4 K1 K2 K3 K4 o1 02 03 04 | s1 s2 | U4
Heating [kWh/nf] 47,1 66, 14, 373 158 6.0 6.9 191  [147 331 51, 19, 145 220 3do 8.7 8.4 75
DHW [KWh/m2] 23, 22, 219 156 B.2 9.2 38 49, 2.1 2, 2, 15 0l6 0[0 8.2 5.2 0.3 25
Cooling [kWh/m2] 0, 0, 000 .0 .0 0.0 0.0 00 00 o 0, 0, 0, 0l0 0j0 0.0 0.0 0,0
Dormitory _|Hospital__| K h Office & 1400
Present state 70, . 45,2 2
i 88, 1197 £7 = 1200
1 36,0 528 28,5 g 1000
2 270 19]1 17.4 £ 80,0
= 60,0
4 40,0
5 200
2 o0 | | |
g Dormitory Hospital Kindergarten Office School Univeysit
W Present state 70,6 81,7 45,2 33,6 22,0 32,1
WBAU renovation 88,1 119,7 50,7 53,8 38,2 438
Improvement1 36,0 52,8 285 209 19,8 18,7
mimprovement2 27,4 19,1 174 15,2
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Climatic Zone A
D1 D2 D3 D4 HL __[H2 _[H3 [ H4 K1 K2 K3 Ka o1 02 03 o4 S1 s2 S3 sS4 UL U2 U3 U4
Heating [kWh/nf] 15 2,1 0, o, 1 30 o9 a.0 4 5 0.6 0.3 12 2,0 05 05 70 14 o, o, 06 0 1 1
DHW [KWh/m2] 16 0, 1 1p 3)9 31 5 .0 .6 .0 0.4 0.2 02 0.2 0, 0, 0, 0l olo 9.0 0 .0 .0 0,0
Cooling [kWh/m2] 0, 0, 000 0j0 0 4.0 0,0 .0 0,0 0,0 00 00 0 0, 0, 0) 0o 00 G,0 .0 .0 b0 0.0 0,0
Dormitory | Hospital K Office School|_Univegkit 7.0
Present state 31 6 1 3 7 0,6 _ 60
i 2, 6.1 2la 22 10 0 “{; g
1 iy 14 10 0.6 5 1 [ 5,0
2 1B olo 0l6 d.6 9 40
g
= 3,0
S
5 i
5 1,0
S oo - s ol o
Dormitory Hospital Kindergarten Office School Univeysit
W Present state 31 56 21 13 07 0,6
mBAU renovation 2,9 61 24 2,2 1,0 1,0
Improvement 1 17 14 10 0,6 05 0,1
PP ‘e ac ne ne
Climatic Zone B
D1 D2 D3 D4 HL __ [H2 H3 H4 K1 K2 K3 Ka o1 02 03 o4 S1 s2 S3 sS4 U1 U2 U3 U4
Heating [kWh/nf] 2,0 2, 0, 1, 2 alo 12 0 .9 .0 0.8 0.5 16 27 07 07 90 13 o, o, 14 6 2 q1
DHW [KWh/m2] 16 0, 1 1p 3j9 31 4.5 .0 .6 .0 0.4 0.2 02 0.2 o, 0, 0, 0l olo 9.0 0 .0 .0 0,0
Cooling [kWh/m2] 0, 0, 000 0j0 0 0 .0 .0 0,0 0,0 00 00 0 0, 0, 0p o 00 G,0 .0 .0 p.0 0.0 0,0
Dormitory | Hospital K Office |_School] _Univeybit 80
Present state 35 6.2 5 L7 0,9 1,1 _ 70
i 3, 7.2 29 13 6 “{; !
1 16 17 12 7 ¥ & 6,0
2 2/ 0lo 07 S 5.0
= 4,0
s 30
g 2,0
5 10
g 00 -
Dormitory Hospital Kindergarten Office School Univeysit
W Present state 35 6,2 25 17 09 11
mBAU renovation 3,6 7.2 2,9 28 13 16
Improvement 1 19 17 12 08 07 0,2
- - aa ac 0 ne
Climatic Zone C
D1 D2 D3 D4 HL __ [H2 H3 H4 KL K2 K3 Ka o1 02 03 o4 S1 s2 S3 sS4 U1 U2 U3 U4
Heating [kWh/nf] 6.7 9.4 1, 2, 106 182 44 0 3 4 2.2 17 3,9 64 26 19 19 2, 1, 14 44 4 7 6
DHW [KWh/m2] 16 0, 1 1p 3l 31 4.5 .0 .6 .0 0.4 0.2 02 0.2 0, ¥ 0, 0,0 ojo 0,0 0 .0 .0 0,0
Cooling [kWh/m2] 0, 0, 0j0 0 0 .0 .0 0,0 0,0 00 00 0 0, 0, 0p 0o 00 G,0 .0 .0 p.0 0.0 0,0
Dormitory _|Hospital | Ki h_Office School[ _Univegit 25,0
Present state 83 145 4.0 4.0 1.9 4.4 =
i 10, 21, 4la 66 .6 .4 E 20,0
1 26 50 26 46 5 .7 g
2 3 olo 2|0 2,0 2 150
5 10,0
4 50
N ol
5
& o - - m =il
o Dormitory Hospital Kindergarten Office School Univeysit
W Present state 83 145 40 4,0 19 4.4
mBAU renovation 10,2 214 44 6,6 2,6 64
Improvement 1 2,6 50 2,6 2,6 15 0,7
W Improvement 2 31 0,0 2,0 20
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[BAUenowton ormitor) Fiospill Kindergarn O Schpol Uik Fioor area 2020 EEE i) R T BAU renovaon Doriiory Hokpial Krdelgariens bichool| Uniersh
Exiernal wal 3 Exernal ial Tass 2107 s 6bs 1276/50 157157 Eemalwal WA NA Y NA T NAL | NA |
oo Unhesied space 15 o ot ) Wal o nreaied Spacs 0 T o basted spacE S T NS 'Y BN YT
e s T sk T S 7S 7 W T N T
Coler ceiig Col coiig o Cobor ceig TS Y S 0 T
rcads s S S 7 T
Farroct it oot i 7 Fatioo 6| 055 |05 | osa]— o07a] o7
Piched roof FT T ET T Piched oo X 0 Piched roo 00 T NA 8 | Loo | 1| WA
Fioors of heated 5paces o ground T [ O T o[ o Fioors of heated SpacasT o do 270,863 752471 T53l28s Fioors of heated spaces 1o ground WA WA i WA WA na
Eormalwalls bevween hested spsges g g% |3 e e eated spaces and o termalvale I T N AT i
Exienal ungazed doors 5 50 O o doors 3 [T W WA | WA | WA
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BAU renovation Dormitory Hospital Kindergartgn Office Schpohilkrsity
Heating system based on electricity 0 0 0 0 0 0
Heating system based on wood 0 0 0 0 0 0
Heating system based on gas 0 0 0 0 0 0
Heating system based on oil 0 0 0 0 0 0
DHW system based on electricity D,8 D,8 0,8 0,8 0,8 0,8
DHW system based on wood D,9 D,9 0,9 10,9 0,9 0,9
DHW system based on gas D,9 0,9 0,9 |09 0,9 0,9
DHW system based on oil Q4,9 9 D9 0,9 0,9 0,9
DHW system based on solar thermpl 3,2 3,2 32 |32 3,2 3,2
Ventilation system D 0 0 0 0 0
Cooling system D 0 0 0 0 0
Improvement 1 Dormitory Hospital Kindergarten Offjce School émsity
Heating system based on electricity 40 55 50 50 50 50
Heating system based on wood 60 60 32 32 60 60
Heating system based on gas 40 40 40 40 40 40
Heating system based on oil 40 40 40 40 40 40
DHW system based on electricity D,8 D,8 0,8 0,8 0,8 0,8
DHW system based on wood D,9 D,9 0,9 10,9 0,9 0,9
DHW system based on gas D,9 0,9 0,9 |09 0,9 0,9
DHW system based on oil (4,9 9 D9 0,9 0,9 0,9
DHW system based on solar thermpl 3,2 3,2 32 |32 3,2 3,2
Ventilation system i} [ 1 1 1 1
Cooling system 15 15 15 15 15 15
Improvement 2 Dormitory Hospital Kindergarten Offjce School lémsity
Heating system based on electricity 40 55 55 55 NA NA
Heating system based on wood 60 60 32 32 NA NA
Heating system based on gas 40 40 50 50 NA NA
Heating system based on oil 40 40 50 50 NA NA
DHW system based on electricity 5 5 5 5 NA NA
DHW system based on wood D,9 D,9 0,9 1|0,9 NA NA
DHW system based on gas D,9 0,9 09 |09 NA NA
DHW system based on oil Q4,9 9 D9 0,9 NA NA|
DHW system based on solar thermpl 1,5 15 15 |15 NA NA
Ventilation system 20 20 20 PO  NA NA
Cooling system 15 15 15 15 NA NA
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Alternative prices!

Alternative prices!

Alternative prices!

Alternative prices!

Alternative prices!

Alternative prices!

BAU
Floor area 1,00 1,00 1,00 1,00 00 ,00
Heating system based on electricity 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on wood 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on gas 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on oil 1100 1,00 1,00 1,00 1,00 1,00
DHW system based on electricity 1|00 1,00 1,00 1,00 1,00 1,00
DHW system based on wood 1]00 1,00 1,00 1,00 1,00 1,00
DHW system based on gas 1,00 1,00 L,00 1,00 1,00 1,00
DHW system based on oil 1,00 1]00 1,00 1,00 1,00 1,00
DHW system based on solar thermpl 1,00 1,00 1,00 1,00 1,00 1,00
Ventilation system 02 0|3 0 0,1 0 05
Cooling system 0R 0]5 0,3 Q,7 3 D,4
Improvement 1
Floor area 1,00 1,00 1,00 1,00 00 ,00
Heating system based on electricity 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on wood 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on gas 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on oil 1100 1,00 1,00 1,00 1,00 1,00
DHW system based on electricity 1|00 1,00 1,00 1,00 1,00 1,00
DHW system based on wood 1]00 1,00 1,00 1,00 1,00 1,00
DHW system based on gas 1,00 1,00 L,00 1,00 1,00 1,00
DHW system based on oil 1,00 1]00 1,00 1,00 1,00 1,00
DHW system based on solar thermpl 1,00 1,00 1,00 1,00 1,00 1,00
Ventilation system 0,8 0|4 0,2 0,5 5 05
Cooling system 0,5 0/8 0,5 0,9 5 D,4
Improvement 2

Floor area 1,00 1,00 1,00 1,00 00 ,00
Heating system based on electricity 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on wood 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on gas 1,00 1,00 1,00 1,00 1,00 1,00
Heating system based on oil 1100 1,00 1,00 1,00 1,00 1,00
DHW system based on electricity 1|00 1,00 1,00 1,00 1,00 1,00
DHW system based on wood 1]00 1,00 1,00 1,00 1,00 1,00
DHW system based on gas 1,00 1,00 L,00 1,00 1,00 1,00
DHW system based on oil 1,00 1]00 1,00 1,00 1,00 1,00
DHW system based on solar thermpl 1,00 1,00 1,00 1,00 1,00 1,00
Ventilation system 0,5 0|6 0,5 0,6 5 05
Cooling system 0,7 0]9 0,8 1 5 4
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ZONE A
BAU renovation Dormitory Hospita] Kindergarten Office Schopl nitkrsity
Heating system based on electricity NA NA NA NA NA NA
Heating system based on wood NA NA| NA NA NA NA
Heating system based on gas NA| NA NA NA NA NA
Heating system based on oil NA NA NA NA NA NA
DHW system based on electricity 0,7 0,4 0,6 0,6 0,8 0,B
DHW system based on wood 0,0 0,0 0,0 0,1 0,0 0,p
DHW system based on gas 0,0 0,0 0,1 0, 0,p 0,0
DHW system based on oil 0,1 0,4 0,1 0,2 0,0 0,(
DHW system based on solar thermal 0,0 0,2 0,0 0,0 0|0 0,0
Ventilation system NA NA NA NA NA NA
Cooling system NA NA NA NA NA NA
Improvement 1 Dormitory Hospitgl Kindergarten  Officg Schqgol émsityf
Heating system based on electricity 32, 49,5 37,0 44,0 40,0 47,5
Heating system based on wood 0,0 0,( 3,8 1.6 0J0 0|0
Heating system based on gas 8,0 0, 3,2 6,0 6{0 0,0
Heating system based on oil 0,0 4,0 2,4 0, 2,0 20
DHW system based on electricity 0,6 0,6 0,6 0,6 0,8 0,B
DHW system based on wood 0,0 0,0 0,1 0,( 0,0 0,0
DHW system based on gas 0,2 0,0 0,1 0,1 0,p 0,0
DHW system based on oil 0,0 0,1 0,1 0,0 0,0 0,(
DHW system based on solar thermal 0,0 0, 0,2 0,2 0|0 0,0
Ventilation system 0,3 0,4 0,2 0,5 0,5 0,1
Cooling system 7,5 12,0 7,5 13,5 7,5 6,0
Improvement 2 Dormitory Hospitgl Kindergarten  Officg Schqgol 4msityf
Heating system based on electricity 24, 55)0 40,2] 34,5 NA NIA
Heating system based on wood 12, 0, 4,8 3,2 NA NA
Heating system based on gas 8,0 0, 6,0 10,0 NA NA
Heating system based on oil 0,0 0,0 0,0 0, NA NA
DHW system based on electricity 3,0 4,0 3,2 3,1 NA NA
DHW system based on wood 0,0 0,0 0,1 0,1 NA NA
DHW system based on gas 0,2 0,0 0,1 0,2 NA NA
DHW system based on oil 0,0 0,0 0,0 0,0 NA NA|
DHW system based on solar thermal 0,3 0, 0,2 0,1 NA NA
Ventilation system 10,0 12,0 10,0 12,0 NA NA
Cooling system 10,5 13,5 12,0 15,0 NA NA
Climate zone A Dormitory| Hospital| Kindergarten Office Schodl Univergity

o

'§ Heating system [EUR/f #NOME?| #NOME? #NOME? | #NOMH? #NOME? #NOME?

% DHW system [EUR/rf| #NOME?| #NOME? #NOME? | #NOMH? #NOME? #NOME?

5 Cooling system [EUR/A 0 0 q Q c

<

o Ventilation system [EUR/A) 0 0 g q q

g Heating system [EUR/f #NOME?| #NOME? #NOME? | #NOMH? #NOME? #NOME?

g DHW system [EUR/rf| #NOME?| #NOME? #NOME? | #NOMH? #NOME? #NOME?

>

g_ Cooling system [EUR/ﬁ) 7,5 12 7,5 13,6 75 6

E Ventilation system [EUR/ﬁ) 0,3 0,4 0,4 0,p 05 0,05

g Heating system [EUR/f #NOME?| #NOME? #NOME? | #NOMH? NA NA

g DHW system [EUR/rf| #NOME?| #NOME? #NOME? | #NOMH? NA NA

>

g_ Cooling system [EUR/ﬁ) 10,5 13,4 12 b NA NA

E Ventilation system [EUR/A) 10 12 14 12 NA NA
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ZONE B

BAU renovation Dormitory Hospital Kindergarten Office Schpohilersity

Heating system based on electricity NA NA NA NA  NA NA

Heating system based on wood NA NA NA NA  NA NA

Heating system based on gas NA NA NA NA  NA NA

Heating system based on oil NA NA NA NA  NA NA

DHW system based on electricity 0,7 0,4 0,6 0,6 (4,8 0,8

DHW system based on wood 0,0 0, 0,0 0,1 Q,0 0,0

DHW system based on gas 0,0 0,0 0,1 ,0 ,0 0,0

DHW system based on oil 0,1 0,4 0,1 0}2 0|0 0,

DHW system based on solar thermpl 0,0 0,2 0,0 D,0 D,0 0,0

Ventilation system NA NA NA NA|[ NA NA

Cooling system NA NA NA NA| NA NA

Improvement 1 Dormitory Hospital Kindergarten Offjce School émsityf

Heating system based on electricity 32, 49,5 37,0 40,0 40,0 47,5

Heating system based on wood 0,0 0,0 3,8 1,6 0,0 00

Heating system based on gas 8,0 00 3,2 6,0 6,0 0,0

Heating system based on oil 0,0 4, 2,4 9,0 2,0 20

DHW system based on electricity 0,6 0,4 0,6 0,6 (4,8 0,8

DHW system based on wood 0,0 0, 0,1 0,0 Q,0 0,0

DHW system based on gas 0,2 0,0 0,1 1 ,0 0,0

DHW system based on oil 0,0 0,1 0,1 0}0 0|0 0,

DHW system based on solar thermpl 0,0 0,3 0,2 D,2 D,0 0,0

Ventilation system 0,3 0,4 0,2 0,5 0,% 0,1

Cooling system 7,5 12,0 7,5 13(5 7,6 6,0|

Improvement 2 Dormitory Hospital Kindergarten Offjce School émsityf

Heating system based on electricity 24, 55,0 40,2 B85 NA NA

Heating system based on wood 12, 0,0 4,8 B,2 NA NA

Heating system based on gas 8,0 00 6,0 10,0 NA NA

Heating system based on oil 0,0 0, 0,0 9,0 NA NA

DHW system based on electricity 3,0 4, 3,2 3,1 NA NA

DHW system based on wood 0,0 0, 0,1 0,1 NA NA

DHW system based on gas 0,2 0,0 0,1 2 NA NA

DHW system based on oil 0,0 0,0 0,0 0}0 NA NA|

DHW system based on solar thermpl 0,3 0,3 0,2 D,1 NA NA

Ventilation system 10,0 12,0 10,0 1210 NA NA

Cooling system 10,5 13,5 12,0 150 NA NA

Climate zone B Dormitory| Hospita] Kindergarten Offige Schqol University

o o
'§ Heating system [EUR/f #NOME?| #HHHt  #NOME?| ###H i #NOME? '§
% DHW system [EUR/rf| #NOME?| #HHHt  #NOME?| ###H #HHH##H #NOME? %
= Cooling system [EUR/A) 0 0 g 0 [ c S
< <
o Ventilation system [EUR/A) 0 0 0 g q q o
g Heating system [EUR/f #NOME?| #HHHt  #NOME?|  ###H #HHH##H #NOME? g
g DHW system [EUR/rf| #NOME?| #HHHt  #NOME?| ###H i #NOME? g
> >
g_ Cooling system [EUR/ﬁ) 7,5 12 7% 13p 75 6 g_
E Ventilation system [EUR/ﬁ) 0,3] 0,4 0,4 0,p 0p 0,05 E
g Heating system [EUR/f #NOME?| it  #NOME?| ####H#  NA NA g
g DHW system [EUR/rf| #NOME?| it  #NOME?| ####H#  NA NA g
> >
g_ Cooling system [EUR/ﬁ) 10,5 13,4 12 1b NA NA g_
E Ventilation system [EUR/A} 10 12 19 12 NA| NA E
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ZONE C

BAU renovation Dormitory Hospita| Kindergarten  Officg Schogl nilkersity]
Heating system based on electricity NA NA NA NA NA NA
Heating system based on wood NA NA NA NA NA NA
Heating system based on gas NA NA NA NA NA NA
Heating system based on oil NA NA NA NA NA NA
DHW system based on electricity 0,4 0,8 0,2 0,2 0, 0,
DHW system based on wood 0,4 0,0 0,5 0,5 0, 0,
DHW system based on gas 0,0 0,0 0,0 0, 0,0 0,
DHW system based on oil 0,1 0,0 0,1 0,2 0,0 0,(
DHW system based on solar thermpl 0,0 0,( 0,0 0,0 0/0 0,0
Ventilation system NA NA NA NA NA NA
Cooling system NA NA NA NA NA NA
Improvement 1 Dormitory Hospital Kindergarten Office School émsity,
Heating system based on electricity 16, 276 22,4 10,0 10,0 17,5
Heating system based on wood 24, 18,0 11,2 19,2 36,0 3B,0
Heating system based on gas 8,0 0, 4,0 4.0 4[0 0,0
Heating system based on oil 0,0 8,0 4,0 6,( 4,0 4.0
DHW system based on electricity 0,3 0,3 0,3 0,1 0, 0,8
DHW system based on wood 0,4 0,3 0,3 0,5 0, 0,p
DHW system based on gas 0,2 0,0 0,1 0,1 0,0 0,0
DHW system based on oil 0,0 0,2 0,1 0,1 0,0 0,(
DHW system based on solar thermpl 0,0 0,3 0,1 0,1 0/0 0,0
Ventilation system 0,3 0,4 0,2 0,5 0,5 0,1
Cooling system 7,5 12,0 7,5 13,5 7,5 6,0
Improvement 2 Dormitory Hospital Kindergarten Office School émsity,
Heating system based on electricity 16, 27,6 22,0 8,3 NA NA
Heating system based on wood 24, 30,0 12,9 19,2 NIA NA
Heating system based on gas 8,0 0, 5,0 76 NA NA
Heating system based on oil 0,0 0,0 5,0 5,( NA NA
DHW system based on electricity 2,5 2,5 1,8 0,5 NA NA
DHW system based on wood 0,2 0,3 0,4 0,5 NA NA
DHW system based on gas 0,2 0,0 0,1 0,1 NA NA
DHW system based on oil 0,0 0,0 0,1 0,1 NA| NA]
DHW system based on solar thermpl 0,2 0,3 0,1 0,L NA NA
Ventilation system 10,0 12,0 10,0 12,0 NA NA
Cooling system 10,5 13,5 12,0 15,0 NA NA

Climate zone C Dormitory| Hospital| Kindergarten Office School Univergity
Heating system [EUR/f #NOME?| #NOMEY #NOME?| #NOME? #NOMHE? #NOME?
DHW system [EUR/rf| #NOME?| #NOMEY #NOME?| #NOME? #NOMHE? #NOME?
Cooling system [EUR/A) 0 0 0 0 q (
Ventilation system [EUR/A) 0 0 0 0 q (
Heating system [EUR/f #NOME?| #NOMEY #NOME?| #NOME? #NOMHE? #NOME?
DHW system [EUR/rf| #NOME?| #NOMEY #NOME?| #NOME? #NOMHE? #NOME?
Cooling system [EUR/ﬁ) 7,5 12 7,5 13,6 75 6
Ventilation system [EUR/A) 0,3 04 0, 0,6 05 0,05
Heating system [EUR/f #NOME?| #NOMEY #NOME?| #NOME? NA NA
DHW system [EUR/rf| #NOME?| #NOMEY #NOME?| #NOME? NA NA
Cooling system [EUR/ﬁ) 10,5 13,4 12 1p NA NA
Ventilation system [EUR/A) 10 12 14 12 NA NA
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Climate zone A Dormitory | Hospital [Kindergarte| Office School University
§ Envelope cost [EUR/f 1,60 1,35 4,36 1,80 2,05 0,76
% g HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME?Z #NOME} #NOMEP #NOMEH®
_ L |Total cost [EUR/mZ] #NOME? | #NOME? | #NOME? | #NOME? | #NOME? | #NOME?
g Envelope cost [EUR/f 16,76 15,40 25,81 21,26 21,14 22,69
g T |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME7 #NOME} #NOMEP #NOME:
g Total cost [EUR/mZ] #NOME? | #NOME? | #NOME? | #NOME? | #NOME? | #NOME?
2 Envelope cost [EUR/f 21,81 25,15 33,96 29,11 NA NA
g S |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME? #NOME?} NA NA
£ [rotal cos [EUR/M?] #NOME? | #NOME? | #NOME? | #NOME? NA NA
Climate zone B Dormitory | Hospital [Kindergarte| Office School University
§ Envelope cost [EUR/f 1,60 1,35 4,36 1,80 2,05 0,76
% g HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME?Z #NOME} #NOMEP #NOMEH:
_ L |Total cost [EUR/mZ] #NOME? | #NOME? | #NOME? | #NOME? | #NOME? | #NOME?
£ Envelope cost [EUR/fh 16,76 15,40 25,81 21,26 21,14 22,69
g T |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME7 #NOME} #NOMEP #NOME:
g Total cost [EUR/mZ] #NOME? | #NOME? | #NOME? | #NOME? | #NOME? | #NOME?
2 Envelope cost [EUR/f 21,81 25,15 33,96 29,11 NA NA
g S |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME? #NOME? NA NA
£ [rotal cos [EUR/M?] #NOME? | #NOME? | #NOME? | #NOME? NA NA
Climate zone C Dormitory | Hospital [Kindergarte| Office School University
§ Envelope cost [EUR/f 1,60 1,35 4,36 1,80 2,05 0,76
% g HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME?Z #NOME} #NOMEP #NOMEH:
_ L |Total cost [EUR/mZ] #NOME? | #NOME? | #fNOME? | #NOME? | #NOME? | #NOME?
g Envelope cost [EUR/f 16,76 15,40 25,81 21,26 21,14 22,69
g T |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME7 #NOME} #NOMEP #NOME:
g Total cost [EUR/mZ] #NOME? | #NOME? | #NOME? | #NOME? | #NOME? | #NOME?
2 Envelope cost [EUR/f 21,81 25,15 33,96 29,11 NA NA
g S |HVAC system cost [EUR/f | #NOME? | #NOME?| #NOME? #NOME? NA NA
£ [rotal cos [EUR/M?] #NOME? | #NOME? | #NOME? | #NOME? NA NA
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@

Present state | Dormitory| Hospital Kindergarten Offige Schdol Univers
Electric 80 75 74 70 76 84
Zone AWood 0 0 4 10 4 0
Gas 0 0 10 0 4 0
Oll 20 25 12 20 16 16
Electric 80 75 74 70 76 80
Zone B Wood 0 0 4 10 6 0
Gas 0 0 10 0 4 0
Oll 20 25 12 20 14 20
Electric 15 10 21 21 27 15
Zone CWood 50 30 60 54 54 45
Gas 0 0 4 0 4 5
Oll 35 60 15 25 15 35
BAU renovatior] Dormitory| Hospital Kindergartep Offige Schqgol Univerg
Electric 80 75 74 70 76 84
Zone AWood 0 0 4 10 4 0
Gas 0 0 10 0 4 0
Oll 20 25 12 20 16 16
Electric 80 75 74 70 76 80
Zone B Wood 0 0 4 10 6 0
Gas 0 0 10 0 4 0
Oll 20 25 12 20 14 20
Electric 15 10 21 21 27 15
Zone CWood 50 30 60 54 54 45
Gas 0 0 4 0 4 5
Oll 35 60 15 25 15 35
Improvement 1| Dormitory| Hospital Kindergartepn Offige Schgol Univers
Electric 80 90 74 80 80 95
Zone AWood 0 0 12 5 0 0
Gas 20 0 8 15 15 0
Oll 0 10 6 0 5 5
Electric 80 90 74 80 80 95
Zone B Wood 0 0 12 5 0 0
Gas 20 0 8 15 15 0
Oll 0 10 6 0 5 5
Electric 40 50 45 20 20 35
Zone CWood 40 30 35 60 60 55
Gas 20 0 10 10 10 0

ity

ity
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Improvement 2| Dormitory| Hospital Kindergartepn Offige Schgol Univers
Electric 60 100 73 70 80 95
Zone AWood 20 0 15 10 0 0
Gas 20 0 12 20 15 0
Oll 0 0 0 0 5 5
Electric 60 100 73 70 80 95
Zone B Wood 20 0 15 10 0 0
Gas 20 0 12 20 15 0
Oll 0 0 0 0 5 5
Electric 40 50 40 15 20 35
Zone CWood 40 50 40 60 60 55
Gas 20 0 10 15 10 0
Oll 0 0 10 10 10 10

ity
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Present state | Dormitory| Hospital Kindergartepn Offide Schdol University
Electric 80 45 74 70 0 100
Wood 0 0 4 10 0 0
Zone A|Gas 0 0 10 0 0 0
Oll 20 50 12 20 0 0
Solar 0 5 0 0 0 0
Electric 80 45 74 70 0 100
Wood 0 0 4 10 0 0
Zone B|Gas 0 0 10 0 0 0
0] 20 50 12 20 0 0
Solar 0 5 0 0 0 0
Electric 35 100 21 21 0 100
Wood 30 0 60 54 0 0
Zone CGas 0 0 4 0 0 0
Oll 35 0 15 25 0 0
Solar 0 0 0 0 0 0
BAU renovatior] Dormitory| Hospita| Kindergarten Offide Schdol University
Electric 90 55 74 70 100 100
Wood 0 0 4 10 0 0
Zone A|(Gas 0 0 10 0 0 0
Oll 10 40 12 20 0 0
Solar 0 5 0 0 0 0
Electric 90 55 74 70 100 100
Wood 0 0 4 10 0 0
Zone B|Gas 0 0 10 0 0 0
Oll 10 40 12 20 0 0
Solar 0 5 0 0 0 0
Electric 50 100 21 21 100 100
Wood 40 0 60 54 0 0
Zone C/Gas 0 0 4 0 0 0
Oll 10 0 15 25 0 0
Solar 0 0 0 0 0 0




Improvement 1| Dormitory| Hospital Kindergartep Offide Schgol Univergity
Electric 80 80 69 75 100 100
Wood 0 0 12 5 0 0
Zone A|Gas 20 0 8 15 0 0
Oll 0 10 6 0 0 0
Solar 0 10 5 5 0 0
Electric 80 80 69 75 100 100
Wood 0 0 12 5 0 0
Zone B|Gas 20 0 8 15 0 0
Oil 0 10 6 0 0 0
Solar 0 10 5 5 0 0
Electric 40 40 42 12 100 100
Wood 40 30 35 60 0 0
Zone CGas 20 0 10 10 0 0
Oll 0 20 10 15 0 0
Solar 0 10 3 3 0 0
Improvement 2| Dormitory| Hospita| Kindergartef Offide Schdol University
Electric 60 80 63 62 100 100
Wood 0 0 15 10 0 0
Zone A|(Gas 20 0 12 20 0 0
Oil 0 0 0 0 0 0
Solar 20 20 10 8 0 0
Electric 60 80 63 62 100 100
Wood 0 0 15 10 0 0
Zone B|Gas 20 0 12 20 0 0
Oll 0 0 0 0 0 0
Solar 20 20 10 8 0 0
Electric 50 50 35 10 100 100
Wood 20 30 40 60 0 0
Zone CGas 20 0 10 15 0 0
Oil 0 0 10 10 0 0
Solar 10 20 5 5 0 0
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CENTRAL EUROPE

Climatic Zone A
D1 KL UL
[KWh/nf] 19,9 1
Wood [kWh/nf] 0, 0,
Gas [kWh/nd] 1, 0,
Oil [kWh/m?] 0, 2
Solar [kWh/nf] 0, 0,

60,0

50,0
40,0

30,0
20,0
_
100 | lilbigalan 11
0,0

D1 D2 D3 D4 Hl H2 H3 H4 K1 K2 K3 K4 O1 O2 O3 04 S1 S2 S3 Ul U2 U3
m Solar [kWh/m2] 00 00 00 43 11 11 17 34 00 00 05 09 00 00 01 01 00 00 00 00 0,0

B Oil [kWh/m2] 11,4 109 00 00 21,0229 52 00 45 53 17 00 50 81 00 B3 32 05 24 36 04
= Gas [kWh/m2] 00 00 74 80 00 00 00 00 38 44 23 26 00 00 25 26 08 16 00 00 00
B Wood [kWh/m2] 00 00 00 44 00 00 00 00 20 24 37 38 33 52 09 00 00 00 00
= Flactricity MAh/m> 324412211 81 162254271 15F 20224212 ¢ 67 11E201122 OF 20110¢102132414 ¢

1

Climatic Zone B
D1 UL
[kWh/nf] 11,9 1
Wood [KWhi/nf] 0, 0,
Gas [kWh/nd] 2, 0,
Oil [kWh/m?] 2 4,
Solar [kWh/ni] 0, 0,
| I il I Lvil I
Il iallanalanly
Dl D2 D3 D4 HL H2 H3 H4 KL K2 K3 K4 Ol 02 O3 O4 SI S2 S3 UL U2 U3
= Solar kWh/m2] 00 00 00 43 11 11 17 34 00 00 05 09 00 00 01 01 00 00 00 00 00
= Oil [kWh/m2] 13,2 135 00 00 232268 65 00 55 64 21 00 65 106 00 26 38 07 40 61 06
= Gas [kWh/m2] 00 00 83 95 00 00 00 00 46 54 28 32 00 00 34 35 QI 22 00 00 00
mWood [kWh/m2] 0,0 00 00 60 00 00 00 00 24 29 44 46 42 68 12 20 24 00 00 00 00
® Flectricity l\AWh/m?2 37 F 49 ( 221 91 18°20130117F24¢29°141 76 13£24(13F10-10723F11¢11-1511657
Climatic Zone C
D1 KL UL
[KWh/nf] 89
Wood [kWh/nf] 193 2]
Gas [kWh/nd] 3, 2,
Oil [kWh/m?] 30 1
Solar [kWh/ni] 1) 1 4 q 0.0 0, 0,

| |||I|| I| 1M
NI iallisilails

D1 D2 D3 D4 Hl H2 H3 H4 K1 K2 K3 K4 O1 O2 O3 04 S1 S2 S3 Ul U2 U3
® Solar [kWh/m2] 00 00 00 43 11 11 17 34 00 00 05 09 00 00 01 01 00 00 00 00 0,0
m Oil [kWh/m2] 31,0382 0,0 00 54,4 80,0186 00 11,6 126 51 3,6 151 &5 32 59 81 3,0 148212 25
= Gas [kWh/m2] 00 0,0 11,7138 0,0 0,0 00 00 39 45 54 45 00 00 44 56 22 30 21 30 00
W Wood [KWh/m2] 455 63,8 14,3 22,5 25,2 43,2 26,5 39,2 52,4 54,1 17,9 17,9 86,0 26,0 22,4 27,1 36,8 19,3 24,0 34,5 14,4
m Elactricity MAh/m2 241207202 7F 11294€24¢ 11116710€ 127 4F 72111 35 14 77 18¢F RQ 77

21 127
I



