WINDKRA
ERDWARME

SONNENLICHT

Techno-Economic Evaluation of Combined Micro Power
and Heat Generation Assets: Implications for the Multi-
Tenant Building Market in Germany

ENERDAY 2019
Dresden, April 12, 2019

Gedeon Zimmermann, Reinhard Madlener FCN | Future Energy Consumer — e | [RANTHAACHEN
Needs aﬂd Behawa' E.ON Energyri:rch Center UNIVERSITY




. The Multi-Family Tenant Housing Prosumer Concept
. Research Motivation

. Methodology

. The Tenement

. Model Description

. Results

. Conclusions & Outlook

E.ON Energy Researc!

enter




Concept referring to energy being directly produced and consumed within tenements

= Large house with several parties:
= Rooftop - PV or Solar thermal systems

= Basement - Heat pumps (HP), Combined heat and power (CHP), or Storage units

= More consumers than in 1-/2-family houses - higher demands for:
= Electricity

= Warm water

= Room heat r\
Increased demand Larger DER units Reduced specific costs

\
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1. Multi-Family Tenant Housing Prosumer Concept (MTPC) 2/3

Potential economic gains for:

1. Multi-Tenant Energy Service Provider (MTESP)
Amortizazion of Further realization of Dedicated subsidies for
+ . + . .
plants profits avoiding grid charges
2. Tenement Owner
Compensation for leasing
roof / basement space \
X
R

3. Tenants
Lower energy prices,

‘Greenness’

Market potential:
« About 3.8 million apartments in 370,000 multi-tenant buildings with potential for MTESPs (BMWi, 2017)

« Less suitable for small tenements or single-family homes due to the lack of economies of scale
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Establishment of a new regulatory framework in Germany, the “Mieterstromgesetz” (2017):
- Statutory privileges for single-family homes transferred to multi-tenant homes (+ expanded)

— Suitable remuneration scheme for electricity produced with PV and consumed on site

Using ‘big data’ for techno-economic optimization of distributed energy resources (DER):

Numerous technologies &

combinations thereof: N
PV, HP, CHP, Storage Electricity, Thermal energy, Natural gas

Predictions for production and demand:

Individual calculations for every project
(for different houses, locations, nos. of
occupants etc.)

Building properties:
Thermal insulation, Irradiation, Usable roof / basement space etc.
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3. Methodology

= Find out whether the investment in new devices is worthwhile for the MTESP

= Determination of potential cost advantages by the use of new technologies in
comparison to conventional technologies

= Methods used: Net Present Value (NPV) approach; Annuity method

We use data science methodologies to create a techno-economic optimization

model for combinations of DER in a tenement. On the basis of this model, we
explore new possibilities for the still infant multi-tenant DER market.
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Exemplary Tenement

[

© © N o 0o bk~ W

PV generation for self-consumption
HP powered by PV:
a. Small device in the basement
b. Bigger device requiring air shaft
c. Bigger device partly constructed outside
PV connection to power grid
Warm water cycle } Direct use or
Room heating separated storage
CHP for self consumption
CHP connection to power grid

Connection to gas grid

Connection to electricity grid in case of demand

10.Connection to water grid
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4. The Tenement 2/2

Table 1: Building parameters

Design of three types:
[-]

= Small-sized tenement (ST)
Construction year 1960 1960 1960

= Medium-sized tenement (MT)

= Large-sized tenement (LT)

Usable area for PV [m?] 100 150 200
Average storey height [m] 8 3 3
Amount of floors [ 2 2 2
Demand for electricity p.a. [kWh/a] 28,000 30,000 45,000
Area-specific demand for electricity p.a. [kWh/a-m?] 38.35 20.55 20.55
Demand for warm water p.a. [kwh/a] 8,889 20,513 30,770
_ _ Area-specific demand for warm water p.a. BISVWER NS 12.18 14.05 14.05

Assumption that the model is at
least applicable for tenements Demand for room heat p.a. [kWh/a] 43,993 104,750 154,167
with 10-30 apartments / parties M Area-specific demand for room heat p.a. [kWh/am?] 60.26 71.75 70.4

Acknowledgment: Demand data (electricity, warm water and room heat) were kindly provided by the
E.ON ERC institute “Energy Efficient Buildings and Indoor Climate (EBC)” (Schiefelbein et al., 2017).
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5. Model Description 1/5

Create all possibilities arising from combining

each different type of device with one another

Device

P o

HP 5 '
HP 4

Stww 2

StRH 2

* Scaling factors for the PV array for
each tenement type to account for
available roof space.

Additionally, a zero column for each
type of device (except for storage units)

240 possible combinations

Because demand datasets of three different tenements
types are considered, there are 720 possible sets
which have to be processed to answer one research
question.

Procedure for finding the optimal combination of devices:

1. 15-minute resolution to dynamically account for the economic gains that can be achieved.
2. For each device, add up the quarter-hour revenues over one year (- annual revenues).
3. Determination of the best possible device setting by searching for the maximum in the
combination of yearly revenues.
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¢PV Watts Gas

~
Wel for HP
del/dth, rh/dth, wwv
W L edi 1 \

el, feedin

check

check fill check fill

o d - Demand data for electricity
1

V
=

dy, ww - Demand data for warm water

St St
WW RH dy, 1 - Demand data for room heat

PVWatts - Input data for PV
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5. Model Description 3/5

(ZJEel,house,PV = W (pel + (pfeedin,PV - 8-5))
(2)Etn = Wep - Din

(3)Eel,feedin,PV = Wy " Pfeedin,PV

iPV Watts Gas
\‘i
i Wel for HP
del/dth, rh/dth, wwY

=

el, feedin

el, feedin ) \
NICEPAC
(4)Eel,house,CHP = We; (pel + pel,house,CHP) O
1 2 3 4
. —_— . . check fill check fill
(5)Eel,feedm,CHP = Wey  Dreedinchp fi
St St
(6)g = L lth WW RH
H-c:ncup
(7)Cgas = Y ' Pgas
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Production & Demand Structures

Demand for electricity and warm water, as well as production from PV, in kWh for
each quarter hour on July 3, 2017, for the MT.
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Calculations of the annualized costs and the net present values:

Annuity and NPV for PV:

(1+0)™i
(8) apy = [(Cinv,PV + Cins,PV) ) f] ) m + Cop,PV ’ f + pleaseroof,PV ) APV ) f + Cmeter
(Ehouse,pvt+Efeedi , )—=(Cop,pv-f+D1 roof,Pv-Apv-f+Cme er)
Q) NPVpy = —[(Cinppv + Cinspyv) - f1+ Zn=1 — p(1+i)n ool t
Annuity and NPV for HP:
(1+0)™i

(10) ayp = (Cinv,HP + Cins,HP - SHP) ’ m + Cop,HP + Pieasecellar,HP * AHP

E —-(C rHp-A
(1) NPVip = —(Cinpip + Cinsip — Sip) + Si_q ot e 2
Annuity and NPV for CHP:

(1+0)™i
(12) Gcap = (Cinv,cup + Cinscup — Scup) " +nn—1 Cop,ctp * Wercup + Dieasecetiar,cup * Acup
E h,C +Eel,house,C +E L din,
NPVeyp = —(Cinvenp + Cinscup — Scup) + 2n=1( i (1;)15 feetni?

(13)

_ CgastCop,cHP Wel,cHP tPieasecellar,CHP ‘ACHP)
(a+)H"

‘ Determination of best possible device setting by searching

for the maximum in the combination of yearly revenues
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In order to gain further insights on MTCP possibilities, various scenarios were
considered for the different tenement types considered (ST / MT / LT):

Scenario 1: Base case
Price of thermal energy is coupled to lower quantity-based gas price

- Revenues from sales of thermal energy are too low

Scenario 2:

» Price for thermal energy is no longer coupled to lower quantity-
based gas price, but equivalent to the gas price of an average
German household

= Maintenance costs for HP are lowered

- Increased revenues for HP

Scenario 3:

Increased price of thermal energy

Decreased price of electricity

Learning effects - reduced initial costs

Slight increase in interest rate to 1.5 %

E.ON Energy Research Center



6. Results 1/4

Examplary visualization of earnings, costs and NPVs, and initial and remaining

demands for a set of devices

Earnings, costs and NPV Initial and remaining demand
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. 20000 A
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PV HP CHP Sum Start End

A:PV 2-HP 1-CHP 1-StWW 2-StRH 2

Legend: Earnings,
costs and NPV
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N Warm water
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ﬂ-- PV+CHP | Pv+HP-CHP

Scenario Profitable No Average No
1 1% _ :
MT Profitable Profitable Average Average No
LT Profitable Profitable Average Profitable No

Main findings (Scenario 1):

PV is, generally speaking, the most profitable option.
With the size of the tenement, the profitability of CHP rises.

Prices of thermal energy are too low to allow the HP running cost-efficiently, since low

seasonal revenues are offset by high annual maintenance costs (HP-only is not shown).

Device combinations can result in conflicts / competition for satisfying demands, e.g.:

— CHP revenues from the sale of electricity to occupants are lowered when combined with PV.
— PV revenues from feeding in electricity are lowered when combined with HPs.

— HP revenues from selling thermal energy to occupants are lowered when combined with CHP.

E.ON Energy Research Center



6. Results 3/4

Depending on the parameters determined by the

model series, the following evaluations evolve
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Table 2: Classification of results

HP

Scenarlo Profitable Average
1%

MT Profitable Profitable Average Average No

The Profitable solution means that the set contains
LT Profitable Profitable Average Profitable No one or more devices with h|gh NPVs which are all
feasible, as well as with respect to all other costs.

Sce2r1ario ST Profitable Average Average Average No
a

MT Profitable Profitable Average Average No

LT Profitable Profitable Average Profitable No The Average solution says that either the NPV is

low, but still considerable even with respect to all

other costs, or one device with a large NPV cross-

MT Profitable Profitable Average Average No subsidizes another device with marginal or negative
NPV.

Sceznbario ST Profitable No No No No

LT Profitable Profitable Average Profitable No
Sceznario ST Profitable No No No No
C

MT Profitable Average No No No No solution means that the NPV is either negative or
the NPV is too low such that with respect to all other
costs (e.g. planning and executing costs) the

Scegario ST Profitable Average Average No No described combination of devices is economically

not feasible.

LT Profitable Profitable Average Profitable No

MT Profitable Profitable Average Average No

LT Profitable Profitable Average Profitable Average

ST Profitable No No No No

Final evaluation

MT Profitable Profitable No No No
LT Profitable Profitable No Average No

E.ON Energy Research Center




. We provide a first, model-based tool to assess the economic potential of the
multi-family tenements in Germany for specialized energy service providers

. PV is found to be profitable in all cases, and can be supplemented with a CHP
unit as the size increases. A combination between PV, HP and CHP is found to
be uneconomical.

. Less favorable sets, for example, a small CHP unit for the LT, or smaller PV units,
may be considered when there is insufficient space available in the basement or
on the rooftop, which is the limiting factor for the size of the devices.

. Proper understanding of the “big data” involved is key for an MTESP because
accurate calculations are needed to ensure the profitability of the DER.

. Furthermore, for a comprehensive technical energetic retrofit of a building, costs
for peak-load devices and storage units have to be considered as well.
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7. Conclusions & Outlook 2/2

Table 3: Total buildings suitable for multi-tenant prosumer concept (BMWi 2017).
Total no. of buildings suitable for
multi-tenant prosumer concepts

7 — 12 apartments 228,168

13 and more apartments 67,761

LT 2 30 Apartments
MT 2 20 Apartments
ST £ 10 Apartments
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Backup Slides

= PV input data

= HP input data

= CHP input data

= StRH and StWW input data

= Production and demand structures
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PV Input Data

General data Manufacturer Hanwha Q CELLS GmbH
Product name [] [] Q.PLUS BFR-G4.1

Lifespan [a] Lipy, 20

Area needs (1 panel) [m?] Apy 1.7

Scaling factor [-] fov PV 1 (58), PV 2 (88),

PV 3 (117)

=efelp[el | [eNe IR [nvestment costs (1 panel) [€] Civ pv 342
Operation & maintenance costs [€/a] Cop, pv 5.7

(1 panel)

FCN | Future Energy Consumer
Needs and Behavior

— — | RWNTHAACHEN
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PV Input Data
Input parameters for PVWatts for the solar cell Q PLUS BFR-G4.1

General information Solar resource rata Cologne

System Information DC system size (kW] 0.275

Area of one cell [m?] 1.7
Array type [-] Fixed (roof mount)
Tilt [°] 25
Azimuth [°] 150
DC to AC size ratio [-] 1.1
Inverter efficiency [%0] 98
System losses Shading [%0] 5
Mismatch [%0] 4
Wiring [%0] 3
Connections [%0] 0.5
Light-induced degradation [%0] 15

Nameplate rating [%0] 1

Age [%0] 0.66\ACHEN
Needs and BehaV\OF | E.ON Energy Research Center UNIVERSITY




HP Input Data

I I T P [ A L 2

CRETE I EIEEN Manufacturer Carrier Carrier Carrier Carrier Carrier
Product name [-] [-] 30AW 30AW 30AW 30AW 30AWH

HOO4H HOO6H HOO8H H0012 0015H

H

Lifespan [a] Liyp 15 15 15 15 15

Area needs [m?] Aup 2 2 2 2 2

J=oalleINe =1 Thermal power summer (kW] P s Hp 419 6.24 8.03 1231 15.05
Electrical power summer [KW¢ Peswe 124 196 233 383 443

Thermal power winter (kW] Pih, w, Hp 419 6.24 8.03 1231 15.05

Electrical power winter [KW¢] Poowmp 124 196 233 3.83 443

=ofelp[elpyl[eNe 1N INVestment costs [€] Civ up 5358 5883 6290 8110 8878
Operation & maintenance costs [€/a] Cop, Hp 95 95 95 95 95

Subsidies [€] Sip 1000 1000 1000 1000 1000

FCN | Future Energy Consumer
Needs and Behavior
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CHP Input Data

ClpETE N IR Manufacturer Vaillant ~ Vaillant Viessmann
Product name [-] [-] EcoPower EcoPower Vitobloc 200 EWK
3.0 4.7 EM-920 20S
Lifespan [a] Licyp 15 15 15 15
Area needs [m?] Acyp 4 4 8 10
Bl [e=IRe ETER Thermal power (kW] P, cHp 8 12.5 20.1 45
Electrical power [kWe] Pei chp 3 4.7 8.5 20
Total efficiency [-] Neup 0.9 0.9 0926 0.93
=ofelpely|[eNe EIER INVestment costs [€] Civ cup 25,200 29,330 38,550 55,100
Operation & maintenance [€/kWhg] Cop chp 0.0400 0.0435 0.0486 0.0315
costs
Subsidies [€] S 2500 2870 3250 350
FCN | Future Energy Consumer — = | RANTHAACHEN
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StRH & StWW Input Data

gl le= G EEN Max. capacity  [kWhy] St/ St

Loss factor [-] Y 0.0011 0.0007 0.0012 0.0008

FCN | Future Energy Consumer
Needs and Behavior
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Production & Demand Structures

Demand for electricity and solar PV production, in kWh for each quarter hour on
July 3, 2017, for the MT building.

[kwh]

3 =
B demand electricity in kWh

B production PV in KkWh
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