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Activity C3 main results

Analysis of 29 SHC plants
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Introduction H bt

= Solar cooling and heating can be complex
= Solar Thermal or Photovoltaic driven
= Demands (domestic hot water, space cooling, ...)

= System design & configurations (backups, storages,

» Boundaries (system and time)

- Assessment in a common comparable format
=  T53E4 Assessment Tool

= Assessment based on (monthly) energy balances
= Measured or simulated (sub) system

danielneyer

»

Apr 11t - 12th 2018 IEA SHC Task 53, 9" Expert meeting
Dresden

Slide 2



Technical Key Figures Blnrick' danioneyer

= Non-renewable primary energy ratio (PER\rg)

= Useful energy (Qse):
space heating, cooling, domestic hot water, ...

= Energy input / effort (Q;;,)
electricity (el),
energy carrier (in e.g. natural gas, etc.)

= Primary energy conversion factors

electricity: e, = 0.4 kWhy/kWhpe e
natural gas: e;, = 0.9 kwh,JkWhpg \re

2. Quse
» (Qel,in 4 Qin)

Eel €in

PER,; =

Apr 11t - 12th 2018 IEA SHC Task 53, 91" Expert meeting Slide 3
Dresden



Technical Key Figures Blnrick' danioneyer

= Non-renewable primary energy savings (f., per.nrE)
= Comparison of non-renewable Primary Energy (PER\rg)
» Solar (SHC) vs. predefined reference (ref)
» Standard in T53E4 Tool
* natural Gas
* air cooled vapour compression chiller

PERNRE ref

fsav.PER-NRE =
PERNRE sHC
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B universitat damiolneyer

Economic Key figures innsorck

= Annuity method & input values based on EN-standards

» Standardized (data base) to calculate annualized costs
» Investment, replacement & residual value
= Maintenance & service,

» Operational costs (energy, water)
» Solar Heating and Cooling and Reference

—>CostRatio (CR)

annualized costs SHC

CostRatio(CR) =
(CR) annualized cost REF
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Results obtained B darieneyer

= Assessment of 29 SHC plants with T53E4 Tool

» Technical analysis

» Energy balance check

= Comparison to T53 Standard

» System & Subsystem Analysis

" PERy\re: PER\RE rer Tsavnre: SPFequ
= Economic analysis
Investment, Replacement & Residual
Maintenance, Energy (electricity, natural gas,...)
Comparison to T53 Standard
Spec. Invest, LCOEg,, LCOEg CR

* Trend analysis
= Sensitivity analysis
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Ove I‘VieW Examples ® innsbruck danielneyer

Energieeffizientes Bauen

» 17 examples (29 configurations)

Technology

PV;12;41%

Demand ..

DHW+C; 4;
14%
- I
ST+HP; 6; 21% SHC4; 14%
DHW-+SH:; 4;
s DHW+SH+C;
16% 13;45%
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Overview Examples R librice’ | danieneyer

Energieeffizientes Bauen

. medium (10-150 kW);
Capacity | ra 7;24%

large (>150 kW);
6;21% Source

) monitored; 10;
small (<10 kw) 34%
16;55%
Design, solar fraction -
. SRR simulation; 19;
30-70;16;55% 1, S, oo% |
LELLESILTLSEEIIIEL I/.//IJ(/JEEE:":;‘E;.;:‘:;:.‘E 70_90; 3; 11% JJJJJJ
_ 4
<30;7;24%
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Energy Supply B UEEEEt danieheyer

Energieeffizientes Bauen

= Mainly 2 / 3 applications
* Huge difference in amount of energy!
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B universitat :

Investment Cost ®innsbruck CEIGNEYCr

Ensraleetrizimes e
* |nvestment of SHC compared to reference
= +60% (7)
= + 60 -120% (12)
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M universitat :
Investment Cost | innsbrud | dRniCineyer

Energieeffizientes Bauen

* |nvestment of SHC compared to reference
= +60% (7)
= +60-120% (12)
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cost distribution [-]

Total Annualized Cost RIS daridneyer

Energieeffizientes Bauen

1.0

» Small scale mainly investment dominated
» Large scale energy costs dominated

e ST g T S SUE R o R S —— - o, - - Elhousehold
[~m BT @~ @~ P T R T TT T CR o
‘ g 0 .
| 01949 010101910 549191010, 11*) 20 __-om 17-- 1 {045 ___ 016191919 19 %g electricity
<" SR : A0 : 0k 390.30F = - [ [l || = Maintenance
9 ki
g‘ ‘0 W Water
5 i 0
T Energy carrier
Oy £ Electricty - HVAC
0.59 -~

[4 Replace+Residual

é__ 039.394p30

il e

15( 7 |1b|17|1a|1c|9c|9a 8a|8b| 3 |2d|2b|10 16| 2f|2e 111 5|13(14| 4 (12| 6 | 2c|2a|9b|9d
6 43285332838107619 919/19/44/61|63 19|10 1.009/2|2(2|7|9|17(43|61119907

ST+boiler ST+HP ST&PV PV

Technology / energy demand [MWh] / plants #

Apr 11t - 12th 2018 IEA SHC Task 53, 9t Expert meeting Slide 12

Dresden



danielneyer

Arbeitsbereich fur
Energieeffizientes Bauen

M universitat
M innsbruck

fsavnre VS- CR

fsav.NRE [-]
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B universitat :
Trends ol %Jnrgbrtsjlck danielneyer
» SHC overall
» Exclude #13, 14, 16, 17 (no annual energy balance)
fsav.NRE [-]
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Trends Binbrice canieneyer
= South vs. North
= 2 vs. 3 applications (C, DHW, SH)
» STvs. ST+ HP vs. ST + PV vs. PV
= Cvs. DHW vs. SH
= Simulated vs. monitored
= ST/PV combined with south/north
= to follow soon
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Sensitivity Analysis

B imiverstat | danieineyer

Arbeitsbereich fur
Energieeffizientes Bauen

= 6 Parameter with each 7 Variation

Investment Cost (€/kw)
Electricity price (10 ct/kwh)
Natural gas price (5 ct/kwh)
Auxiliary demand (kwh,)
Energy output (kwh,.)
Conversion factor (0,4 kwh/kwh) 80,90,100,115,130,145,160 [%]

40, 55, 70, 85, 100, 115, 130 [%)]
50, 100, 150, 200, 250, 300, 350 [%]
50, 75, 100, 125, 150, 175, 200  [%]
50, 60, 70, 80, 90, 100, 110 [%6]
80, 90, 100, 110, 120, 130, 140  [%]
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Iuniversitla('t danielneyer

Sensitivity B innsbruc

Energieeffizientes Bauen

» [nvestment cost
» Only affect the CostRatio
= Plants with higher f_,, \re 8re more sensitive

fsav.NRE [-]
0 0.2 0.4 0.6 0.8 1
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luniversitla('t danielneyer

Sensitivity B innsbruc

Energieeffizientes Bauen

= Electricity price
= Only affect the CostRatio
» Heat pump systems more affected
= Higher f__, nre |€SS SeNsitive

fsav.NRE [-]
0 0.2 0.4 0.6 0.8 1
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Iuniversitla('t danielneyer

Sensitivity B innsbruc

Energieeffizientes Bauen

= Natural gas price
» Only affect the CostRatio
= Affect reference and ST + natural gas boiler

fsav.NRE [-]
0 0.2 0.4 0.6 0.8 1
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luniversitla('t danielneyer

Sensitivity B innsbruc

Energieeffizientes Bauen

= Auxiliary demand (electricity)
= Affects CostRatio and f_,, nre
» Heat pump systems more affected
= Higher f__, nre |€SS SeNsitive

fsav.NRE [-]
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Sensitivity B ISR | deniehneyer

Energieeffizientes Bauen

= Energy output
= Affects CostRatio and f_,, nre
= Higher f_,, nre MoOre sensitive

fsav.NRE [-]
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luniversitla('t danielneyer

Senst ty [ innsbrqc
I IVI it e

= Conversion factor electricity

= Only affect the f__, nrE
= Electricity based systems are more affected

fsav.NRE [-]
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Summary B et | daniehneyer

» T53E4 Assessment Tool
» T53E4 Tool simplified analysis for trend-wise comparison
» Based on monthly energy balances
* Focusing on non-renewable primary energy
» Performance of examples
= Non-renewable Primary Energy Savings > 30%
» Higher savings lead to higher costs

= Economics are investment dominated
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Summary B et | daniehneyer

* Trends

» Indication for optimization potential

= Simplified comparison of different boundary conditions
= Sensitivity

» Effect of changes in boundaries

» Large differences for different systems

= - sensitivity for certain type of systems to follow soon
= Next steps

* Finalize sensitivity analysis

* Finalize report = to be expected in summer 2018
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