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INTRODUCTION

Background / Context

Previous technology and energy modelling activities that were conducted under the
Ukraine-Denmark Energy Partnership (UDEPP), have shown that different stakeholders
use varying data and assumptions regarding current and future energy technologies in
Ukraine. This has the potential to cause discrepancies between different studies, and
lead to differing or incompatible conclusions and recommendations in strategic docu-
ments. Most importantly, the full-scale Russian invasion of Ukraine has resulted in exten-
sive damage done to the country’s energy infrastructure.

Hence, under the Ukraine-Denmark Energy Partnership Programme (UDEPP), Ministry of
Energy of Ukraine (MoE) have requested a fast development of a short-term and urgent

energy technology catalogue for selected decentralized power generation capacities rel-
evant for Ukraine that could be implemented quickly and facilitate enhanced security of

distributed power supply for winter seasons, ideally already 2023-24, but certainly 2024-
25.

The aim is that the catalogue will help local, regional, and national stakeholders, develop-
ers, companies, and others, to prioritize and select relevant power production technolo-
gies, in outlining framework and determine priorities for technology choices and attract-
ing investments and donor assistance in the restoration and development of the power
system of Ukraine in the coming winter seasons.

This urgent winterization technology catalogue will help build consensus on power gen-
erating technology costs and technical parameters between stakeholders in Ukraine,
presenting validated and agreed data for power generating technology in these four
newly developed dimensions:

e Power capacity in wintertime

e Implementing speed

e Technology resilience

e Levelized cost of electricity (2 years vs full lifetime)

In the longer term, a full-scale energy technology catalogue for Ukraine will be devel-
oped.

Both short-term and long-term technology catalogues, and corresponding technology
specific performance parameters and costs, will provide a common and key foundation
for energy and power sector planning and implementation activities.

In view of its acute purpose, to be ready for the upcoming 2023-24 winter and consider-
ing the short time available for the development and finalization of the first version of the
catalogue, it has been necessary to narrow down the number of technologies as well as
the range of details normally found in technology catalogues. This decision has been
made in agreement with MoE. Hence, this urgent catalogue only includes data on care-
fully selected technologies and data for the present situation only. Time series data on



the past and the future development of technologies over the decades is not included, as
they would be in ordinary energy technology catalogues.

The purpose of this urgent technology catalogue

This urgent technology catalogue aims to support decision making at local, regional, and
national level across different stakeholders, donors, developers, companies, and authori-
ties.

Therefore, the main focus of this technology catalogue for decentralised power genera-
tion technologies is to map their potential for supplying electricity in the current Ukrain-
ian context for winter seasons 2023-24/2024-25 which could be implemented to facili-

tate enhanced security of power supply.-

Thus, technologies included in this technology catalogue are evaluated according to the
following four principal criteria:

Winter impact, defined as the share of yearly production that can be delivered at winter-
time (October to March)

Possibility for bringing in operation within a short time frame (implementation speed).
This includes evaluation of (A) time for planning and regulation approvals, B) time for ac-
quisition of the plant (component and materials) and C) Technical installation time.

The resilience of selected technologies. This involves an evaluation of how well the tech-
nology performs at distribution system level, how well it could be camouflaged and shel-
tered, and the requirements (risks and skills) for keeping it in operation.

Levelized cost of electricity (LCOE) for electricity supply during the wintertime over a
short lifetime (2 years). As background information, to evaluate the economics of the
technology in a longer-term perspective, a LCOE for total electricity over the full lifetime
is also shown.

Additionally, this urgent technology catalogue includes only technologies, which could
perform well in relation to the above-mentioned four principal criteria. The requirement
on suitability for distributed production implies for example that only technology types
which are reasonable to operate with capacities less than 60 MW are included.

As a starting point, eight power generation technology types (listed in the section below)
have been addressed. Through a screening process, a limited number of specific “sub-
type-technologies” has been identified as relevant to evaluate in the current context in
Ukraine. The screening of the eight generic technology types ended up in a list of 22 sub-
technologies shown below.

The evaluation of the four principal criteria for the different technologies is supported by
assessment of 14 mostly descriptive and qualitative parameters listed in Table 1. In Ap-
pendix A: Methodology these 14 parameters are discussed, elaborating on why they are
relevant to include in the assessments in this urgent technology catalogue and on how
the qualitative parameters can be assessed at a three-level scale (good, medium, bad).



Each technology chapter will also include a brief technology description of the specific
technology as well as a data sheet focused on data under today’s conditions (e.g., 2024).
The data sheets for the different technologies from the traditional Energy technology
catalogue describing the technical and financial parameters can be found in Appendix F:
Data sheets

Due to the short time frame available for the development of this catalogue, it will be
continuously updated and still pending sub-technologies and documentation will be
added in the next version.

Technologies included in the evaluation

The following technologies are assessed:

1.

Gas power plants

a) Gas Turbines, simple cycle, natural gas

b) Gas engines, natural gas

c) Gas engines, biogas directly from a green field biogas plant

Photovoltaics (PV)

a) Rooftop PV on single family houses

b,5b) Rooftop and ground mounted PV on public buildings (incl. hospitals) with-

out batteries

b) Rooftop and ground mounted PV on public buildings (incl. hospitals) with bat-
teries

c) PV utility scale, ground mounted without batteries,

d) PV Utility scale, floating, e.g., on hydropower dams (here the hydro- dams can
be regarded as storage, but are not included)

Wind turbines

a) Onshore wind, parks 20 — 100 MW

b) Onshore wind, parks 20 — 100 MW, used turbines

c) Onshore wind, cluster of 3-5 turbines 3- 20 MW

d) Domestic wind turbines

Coal power plants, lifetime extension (replacement of plant’s equipment)

a) Retrofitting existing plants, improving efficiency

Batteries - Lithium ion not small-scale UPS

a) Grid-scale batteries, (capacity app. 2 MW -150MW, energy storage 2MWh -
500 MWh)

b) Community batteries (capacity app. 40-150 kW, energy storage app. 40- 600-
kWh)

Biogas

- no specific sub-technologies have been identified during the screening, but a
gas engine fueled by biogas is included as a part of gas power



7. Biomass cogeneration (CHP) technologies
a) Wood pellets small Organic Rankine Cycle, 3 MWe
b) Wood pellets medium, back pressure, 25 MWe
c) Wood chips. small Organic Rankine Cycle, 3 MWe
d) Straw small Organic Rankine Cycle, 3 MWe
e) Straw medium, back pressure, 25 Mwe

8. Hydro Power, run of river
a) Mini, Hydro Power, run of river

b) Micro, Hydro Power, run of river

The structure of the technology chapters of the urgent technology cata-
logue

The format of the technology chapters comprises an overview of each technology group,
showcasing the overarching findings of the respective technology segment. This is then
followed by a detailed evaluation of each sub-technology, encompassing:

1. Brief technology description

2. Criteria evaluation based on the four defined criteria

3. Parameter evaluation based on the fourteen defined parameters
4. Data sheet in Excel in appendix F.

Due to shared similarities between some of the technologies the order of the evaluation
differs from one technology to another and some of the evaluation points are presented
together for clusters of sub-technologies.

METHODOLOGY

The qualitative and quantitative parameters addressed in this urgent technology cata-
logue are based on the information gathered through semi-structured interviews with
Ukrainian, Danish, and international energy experts and developers, in addition to Ukrain-
ian authorities, associations, and organizations working in the energy sector and its sup-
ply chains have been consulted during the screening process.

Based on the outcomes of the interviews with developers and experts, the typical pro-
cess for power plants’ installation, expected bottlenecks, and realistic possibilities to
speed up the implementation process under the current condition are described.

In addition to the information obtained through interviews, data from the Danish Energy
Technologies, have been applied, along with evidence about wind and solar resources in
Ukraine from public sources and information gathered from literature sources and web-
sites of manufacturers.



Overview summarizing qualitative parameters across technologies and

the criteria

An overview of the 14 parameters which are discussed and assessed in this technology
catalogue is presented in Table 1. To make it easier to distinguish between criteria and
parameter, each parameter (P) is given a number e.g., P1, P2, P3, as presented in Table 1

A description of the 14 parameters is in Appendix A: Methodology. It describes the rea-
sons for addressing each parameter in this technology catalogue and how they influence
the implementation of power generation projects in the current Ukrainian context. Fol-
lowing this, the three-level assessment scale specific to each of these parameters is de-

scribed.

Evaluation levels:

Parameters Criteria

Good Medium Bad
P1-Electricity production at wintertime W >75% 40%-75% <40%
P2-Levelized Cost of Electricity (LCOE) short lifetime, winter production C low Medium high
P3-Levelized Cost of Electricity (LCOE) over lifetime Low Medium high
P4-Distributed generation R <5SMW | 520 MW | 20-60 MW
P5-Regulation requirement in the project development process Q QUie(;ksind In between | Lengthy
P6-Delivery time and availability of components and materials Q 20%%%24 Qo\gzilr}tzeor% >2 years
P7-Requirements for logistics and transportation infrastructure Q low Medium high
P8-Technical installation time (after clearance) Q Short Medium Long
P9-Requirements for skilled staff in construction phase Q Low Medium High
P10-Grid balancing capacity R High Medium Low
P11-Requirements for electricity grid infrastructure Q Easy Moderate |Challenging
SP[)LQC—iFazle;];;rreen;zr;ttss for skilled staff for operation and maintenance and for R Low Medium High
P13-Possibility for camouflage and sheltering R High Medium Low
P14-Risk associated with fuel supply R Low Medium High

Table 1: Overview over the evaluation parameters and definition of the levels, column “Criteria” indi-
cates which of the four principal criteria the parameter is contributing to is indicated by the letter (W,
Q, Ror C) in the. W: Winter Impact, Q: Implementation speed (Quick), R: Resilience in operation in UA
context and C: Cost of generating the electricity (also referred to Levelized cost of electricity).

The four principal criteria are shown in Table2.The criteria are W: Winter Impact, Q: Im-
plementation speed (Quick), R: Resilience in operation in UA context and C: Cost of gen-
erating the electricity (referred to as Levelized cost of electricity (LCoE)).




Each of the 14 parameters contribute to one of the four principal criteria. To give a com-
prehensive overview, this is shown both in Table T and in Table 2.

It can be seen in Table 2 in the column “parameter” that some of the criteria winter im-
pact (W) and LCOE(C) consist of only one parameter while the criteria implementation
speed(Q) and resilience(R) is evaluated based on 6 and 5 parameters.

Furthermore, some parameters can be given an absolute value (e.g., LCOE in Euro/kWh)
which all in all makes it relatively easy to evaluate winter impact (W) and LCOE(C). For
other criteria on the contrary, not all the parameters are assessed as absolute values.
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Ilcon Indicator Parame- Bad Medium Good
ter
Capacity in win- | P1 2] ® R B R R
Gl G GG lGAC
Low production | Medium High production in win-
in wintertime production in win- | tertime
tertime
>3 Implementation | P5, P6, ' L2 L )
Y &y speed? P7, P8, VL BvAB vy BV LRV ey
P9, P11
Long time Medium time Short time frame
frame frame
. 3
Qe A A8 288
- pa = T TEEZ
Low resilience Medium High resilience
resilience
Levelized cost | P2,(P3)
@ of electricity*
High costs Medium costs Low costs

Table 2: Overview of which parameters contribute to which criteria and visualizing of the ratings, the
more icons the better rating.

Implementation speed(Q) is based on the estimated time consumption for more differ-
ent phases in the project development, represented by different parameters. Some of the
parameters are measured in weeks and can thereby easily be summarized, this is the
case for P5—"Regulation requirement in the project development process”, P6- Delivery
time and availability of components and materials” and P8-"Technical installation time (af-
ter clearance)”, whereas P7-" Requirements for logistics and transportation infrastructure”,
P9-" Requirements for skilled staff in construction phase” and P11-" Requirements for elec-
tricity grid infrastructure” are based on qualitative assessments, where the technologies
are ranked relative to each other.

T Winter impact, defined as share of yearly production that can be delivered at wintertime October
to March)

2 Implementation speed which is the possibility for bringing in operation within a short timeframe.

3 Resilience of selected technologies which is how well the technology perform at distribution
system level, how well it could be camouflaged and sheltered, risk for fuel supply, and level of
requirement (risks and skills) for keeping it in operation.

4 for electricity supply during the wintertime over a short lifetime (2 years). Furthermore, LCOE for
total electricity over the full lifetime, is shown as a parameter (3). This LCOE information makes it
possible to evaluate for the time after the war ends a.
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When evaluating for Resilience(R), there is no absolute values of same unit for all the five
parameters that influence the criteria. Therefore, a qualitative evaluation has been made
for all parameters. The five parameters are for each technology evaluated relatively to its
performance compared to the other technologies. Hereafter the five parameters are
weighted. P4- “Distributed generation” and P13 - “Possibility for camouflage and shelter-
ing” are assessed to be most important. Therefore, P4 and P13 are each given the
weight 30%. P10 — “Grid balancing capacity” and P14-" Risk associated with fuel supply”
are given 15 % weight each, while P12 - “Requirements for skilled staff for operation and
maintenance and for special spare parts” are given 10% weight.

A general score is calculated as the simple average of the four criteria is illustrated in
Figure 1.

Capacity
in wintertime

General score;

T~
000
7

Implementation
speed

Technology
resilience

Levelised cost
of energy

Figure 1: Example |. Visualization of criteria and general score

Technology frontpage

On each technology frontpage, the criteria evaluations are represented graphically with
the following icons shown in Table 2 and Figure 1.

LCOE calculations

The method is described in Appendix B: LCOE calculations.
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THE OVERALL FINDINGS OF THE EVALUATIONS:
TECHNOLOGY SUMMARIES

Figure 2 presents an overview of the evaluation of the highest rated technology within
each of the categories.

Gas power plant Photovoltaics:

Capacity f < ! Capacity

o wintoreme |\ AT General Score: nwiteime | \T/ ‘ General Score

implementation \
speed

Technology
resilience

|mhmd cost
of electricity

Onshore Wind

Capocity ! C: / o ES B _ N
In wintevtime General Score:; time 7 \ General Score

Implementation
speed

Technology
resifience

lMII ed cost
of electricity

General Score: re (A% 47 \7) General Score:

00@

Capacity

{ { 5
n wintartime L General SCOIe:
Implementation = ~3

speed 5 Y/

Technology

resilience =

Levelized cost
of electricity

Figure 2: Technology Summaries, of best technologies in each category (Gas power plant: Gas en-
gines, Photovoltaics: commercial and industrial PVs, Onshore wind: onshore parks >20MW, Coal
power plants lifetime extension, Batteries: Li-ion Utility scale, biomass cogeneration technologies:
medium CHP using wood pellets, Run-of-river hydropower: Hydro RoR micro)

In Table 3, a comprehensive evaluation of the sub-technology level is presented,
focusing on the four principal criteria. Gas engines and turbines fueled by natural gas
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outperform the others, securing the highest overall score. The medium size wood pellet
CHP also performs well, though slightly less so.

Gas turbines, gas engines and other thermal plants posses the greatest potential for
supplying energy during winter time, contrary to for example solar PV which is limited
during the winter season.

Gas engines, rooftop PV, domestic wind turbines and batteries could be implemented
within half a year, while gasturbines, large PV, used onshore wind turbines, small size
biomass CHPs and retrofittet coal are deemed realistic for implementation by 2024-25
due to short approval processes and shorter construction timelines. In contrast, other
technologies face longer timelines exceeding 1.5 years due to complex approval
procedures and extended delivery or installation/construction times. This applies, for
example, to onshore wind, medium size biomass CHP fueled by straw/husk and wood
chips, small size hydro power plants(RoR) and biogas engine solely supplyed by a
greenfield project biogas plant.

Reducing the implementation timeline for large wind turbine projects is feasible by
relaxing environmental impact assessment requirements. Under ideal conditions,
including the use of used wind turbines, projects could potentially be established within
1.5to 2 years, emphasizing the importance of regulatory flexibility for sustainable energy
solutions.

Gas turbines and particular small scale gas engines also demonstrate a high level of
resilience since they can be sheltered and protected more effectively due to their smaller
size and flexibility in location. The same is true for batteries. Resilience have also been
deemed high for small and medium scale PV and domestic wind turbines due to their
size, it is assumed that they are not seen as an important target for firing.

When considering the cost effectiveness(LCoE) of the technologies over short time and
only for the winter production gas technologies, onshore wind, coal retrofitting, all me-
dium size biomass CHP and small hydro RoR plants turn out to be the most cost effi-
cient.

When, on the other hand, the cost efficiency is seen over their full lifetime large-scale
wind and with hydroelectric power, along, PV emerge as the most cost-effective solu-
tions. Their renewable nature and lower operating costs contribute to significant returns
over their operational lifetime.

Addittionally, for most of the technologies transformers connection the plant to the grid,
are a critical component. Therefore, the delivery time for transformers is a critical param-
eter for most technologies. Stakeholders have mentioned that the delivery time for trans-
formers are currently between 40 weeks and two years but that there are ways to ac-
quire transformers faster. Therefore, a delivery time of two years for transformers is a
risk but 2 years have not been assumed in the evaluations.
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Criteria 1.a. Gas 1.b. Gas 1.c. Gas 2.a.PV 2.b.5b 2b. PV 2.c.PV 2.d. PV
lua- turb. sim- | engines, engines, residen- PV comm. & | utility Utility
e_va ua plecycle, | NG biogas tial roof- comm. & | industrial | scale, scale,
tion NG top industrial ground floating
- with bat- mounted
tery
Capacity in WWW WWW WWW W W W W W
wintertime
foplemen® | a0 Q QQQ QQQ Q0 QQ QQ
:eesciﬁgﬁc'zgy RR RRR RR RRR RRR RRR RR RR
Levelized
cost of elec- CEE CEE cce © © © @ @
tricity
General
score (1-3) 2.5 2.3 2.0 2.0 2.0 s s
Criteria 3a.Wind | 3a.Used | 3.a Wind | 3.c.Wind | 4.Coal 5.a. Bat, S.b. Bat,
lua- onshore wind on- onshore domestic | retrofit- Li-lon Util- | Li-lon
e_V3 ua parks shore cluster turbines ting ity scale commu-
tion (>20MW) | parks (4,2- (<100kW) nity sca
(>20MW) | 20MW)
Evif’taeft'm'e” WW WW WW WW WWW WW Ww
Lgﬁ'zgga Q QQ Q QQQ QQ QQ QQQ
Ieesfﬁ‘e“r?(';‘égy RR RR RR RRR R RR RR
Levelized
cost of elec- CCo CECE CECE @ CCE © ©
tricity
General
score (1-3) 2.0 2.3 2.0 2.3 2.3 1.8 2.0
Criteria 7.a.Wood | 7.b. 7c¢c Wood 7d Wood | 7e Straw, | 7f Straw, 8.a. Small | 8.b. Micro
| pellets, Wood Chips, Chips, CHP Me- | CHP hydro, hydro,
evalua- | cHpme- | pellets, | CHPMe- | CHP dium Small RoR RoR
tion dium CHP dium Small
Small
\?v?r?taeﬂ}ryng WWW WWW WWW WWW WWW WWW Ww Ww
Implementa-
tion speed QQ QQ Q QQ Q QQ Q QQ
Technology RR RR RR RR RR RR RR RR
resilience
Levelized
cost of elec- CEE cc cce © CEE © CEE CEE
tricity
General
score (1-3) 2.5 2.3 2.3 2.0 2.3 2.0 2.0 2.3

Table 3 Criteria evaluation matrix on sub technology level, for the implementation speed green indi-
cate that the technology could be in operation in the winter 2023/2024(within less than 0,5 year), yel-
low indicate: could be in operation in the winter 2024/2025(within 1-1,5 year) and red that it would
take more than 2 years to bring it in operation
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Details for the four principal criteria

1.1.1 Winter impact (production at wintertime) (W)

Thermal power plants, which include gas, coal, and biomass-based systems, achieve the
highest performance scores. The primary reason for this is their dispatchability—the abil-
ity to adjust power output as demand or availability of energy supply changes. Unlike re-
newable sources, these plants can increase or decrease production based on demand,
making them highly reliable during the winter months when energy demand often spikes.

The efficiency of wind and hydroelectric power systems can be influenced by seasonal
weather patterns but in general both technologies demonstrate a fairly high availability
during the winter season leading to a medium score.

Battery storage systems also receive a medium score, but for different reasons. The per-
formance of these systems largely depends on the grid system they are integrated with,
specifically whether there is sufficient capacity for them to charge during off-peak hours.
If grid capacity is insufficient, batteries may not be able to store enough power for use
during peak demand periods, reducing their effectiveness.

Lastly, solar photovoltaic (PV) systems tend to perform the worst during the winter
months. Shorter daylight hours and the lower position of the sun in the sky reduce the
amount of sunlight that solar panels can convert into electricity. Additionally, snow and
ice can cover panels, further decreasing their output. As a result, solar PV systems are
often less reliable during the winter, leading to their lower performance score.

1.1.2 Implementation speed (Q)

When it comes to the speed of implementation, gas technologies, photovoltaic (PV) sys-
tems, domestic wind turbines, and battery storage systems achieve the highest ratings.
These technologies can be deployed relatively quickly due to their matured technology,
streamlined approval processes, and the availability of off-the-shelf solutions.

Onshore wind farms, various biomass combined heat and power (CHP) technologies,
coal retrofitting projects, and micro run-of-river hydro systems receive a medium rating.
The implementation of these technologies involves more complex procedures, including
regulatory compliance, planning, and construction, which can extend the deployment
timeline.

The small run-of-river hydro systems and onshore wind turbines receive the lowest rat-
ing in terms of implementation speed. These projects often involve significant regulatory
hurdles and lengthy planning processes, which can delay their implementation. Gas
engines solely fueled supplyed by a greenfield project biogas plant is also lowest rating
in terms of implementation speed due to a significant regulatory and planning process
and a complicated installation process for the biogas plant.

As illustrated in Figure 3, the time required for regulatory compliance, environmental sur-
vey and planning is particularly significant for onshore wind and small run-of-river hydro
projects. These stages can considerably extend the overall implementation timeline for
these technologies.

16



In general, small-scale technologies, such as rooftop PV systems and domestic wind tur-
bines, can be deployed most rapidly. Their small size simplifies the approval and installa-
tion procedures, and these technologies are often available off-the-shelf. This contrasts
with larger, megawatt-scale technologies, which are typically custom-built for specific
projects, extending the time from order to operation.

The application of reused technologies could expedite the implementation process. For
instance, in the case of wind turbines and gas engines, reusing components or entire
systems from decommissioned or upgraded projects can reduce both the time and cost
associated with the deployment of these systems. Furthermore, the implementation
timeline for wind turbine projects could be significantly shortened if the requirements for
environmental impact assessments were relaxed. These assessments, while crucial for
ensuring the sustainability and environmental compatibility of these projects, are highly
time-consuming.

Implementing speed (Q) assesment

P8-Time for technical installation
250

m P6-Time for acquisition of the plant (
component and materials)

200 ) ) i B
m P5: Time for planning and regulation B
approvals B B
2
g 150 - Total time for project completion
= _
100 - 7
SD - I I I I I I
, = 0 0B I I
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Figure 3: Assessment of the Implementing speed measured in weeks.

1.1.3 Resilience (R)

The resilience of an energy technology is largely determined by its scale and distribution.
Distributed technologies tend to be more resilient due to their ability to withstand and re-
cover from disruptions. An overview of the resilience of the sub-technologies is shown in
Figure 4.

Coal power plants have been given the lowest score in terms of resilience. The primary
reason for this is their centralized nature. These large-scale plants are not distributed
across multiple locations, making them more vulnerable to disruptions. A single well-
placed attack could potentially take out the entire plant, significantly impacting power
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supply.

On the other end of the spectrum, small gas technologies and battery storage systems
receive the highest rating. These systems can be sheltered and protected more effec-
tively due to their smaller size and flexibility in location. Their distributed nature also con-
tributes to their resilience, as damage to one part of the system does not necessarily im-
pact the entire network.

Small-scale technologies, such as rooftop solar panels and domestic wind turbines, also
receive high scores. While these systems could potentially be damaged by enemy artil-
lery, drones, or missiles, they are not typically considered high-value targets due to their
small size and distributed nature.

Large-scale wind and solar farms also receive high scores since due to their dispersed
layout it would require multiple attacks to take them out entirely. Moreover, the trans-
former stations connecting these farms to the high voltage power grid could be camou-
flaged or protected, for example, by a concrete ceiling.

Resilience (R) assesment = P4-Riskassociated with fuel supply
P13+Possibility for camouflage and sheltering

= P12-Requirements for skilled staff for operation and maintenance and for
special spareparts

= P10-Grid balancing capacity

= P4-Distributed generation

8
I I = Total weighted score
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Figure 4: Overview of resilience assessment all sub-technologies, the parameters are
weighted.

1.1.4 LCOE (C)

The Levelized Cost of Electricity (LCOE) is a crucial metric in assessing the economic vi-
ability of different electricity generation technologies. It represents the per-megawatt-
hour cost (in real Euro) of building and operating a generating plant over an assumed fi-
nancial life and duty cycle.

In this criteria analysis, the LCOE is evaluated over two winter seasons as well as over
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the full lifetime of the technologies, the results are shown in Figure 5. Financial cost and
cost of CO2 are not included in the short term LCOE.

In the short term, specifically over two winter seasons, gas turbines and gas engines
demonstrate the lowest LCOE. This is primarily due to their high production capability
during the colder months and their relatively low initial investment costs. Following gas
technologies, other large-scale thermal generation technologies and wind power also ex-
hibit competitive short-term LCOEs.

On the other hand, all solar power technologies exhibit high short-term LCOEs. This is
due to their limited power generation capacity during the winter months, coupled with
their high initial investment costs.
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Figure 5: LCOE for wintertime production over 2 years

When considering the LCOE over the full lifetime of the technologies, shown in Figure 6,
the picture changes. Large-scale wind and solar power, along with hydroelectric power,
emerge as the most cost-effective solutions. These technologies, while requiring signifi-
cant initial investment, offer substantial returns over their operational lifetime due to
their renewable nature and low operating costs.

Following these, coal power plants and commercial scale rooftop PV systems also
demonstrate competitive lifetime LCOEs. Despite the environmental concerns associ-
ated with coal power, its substantial power output results in lower costs over the long
term.

The remaining thermal power plants, along with batteries and domestic wind turbines,
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exhibit relatively high LCOEs. These technologies face challenges such as high fuel
costs (for thermal plants) and high investment costs relative to their output (for batteries
and domestic wind turbines), resulting in higher costs over the long term.

LCOE - Full Lifetime
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Figure 6: LCOE total production over the lifetime
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1.1.4 Parameter evaluation overview
In Table 4 an overview of the rating of all parameters for all sub-technologies are shown.

Parameter evaluation l.a.Gas | 1.b.Gas | 1.c.Gas 2a.PV | 2b5b 2b.PV | 2c.PV 2d.PV
turb. sim- | engines, | engines, bi- | resi- PV comm. | utility Utility
plecycle, | NG ogas dential comm. & | &indus- | scale, scale,
NG rooftop | industrial | trial ground float-

- with mounted | ing
battery

P1-Electricity productionat | 5o, >75% >75% <30% | <30% | <30% | <30% | <30%

wintertime

P2-Levelized Cost of Elec-

tricity (LCOE) short lifetime, 291 398 1178 2972 5961 2740 2357 4045

winter production

P3-Levelized Cost of Elec-

tricity (LCOE) over lifetime 12 [ Uz i 5 e el 2

P4-Distributed generation | 5 4o vy | 1-10MW | 1-10 Mw SO | oamw | o1mw | somw | 10Mw

[P5-Regulation requirement In be- izl Quick Quick Quick In be- In be-

in the project development Lengthy and and

tween and easy and easy tween tween
process easy easy

P6-Delivery time and avail- In be- In be- Lengthy Quick Quiak Quick In be- In be-

ability of components and and com- and and

! tween tween . and easy tween tween
materials plicated easy easy

P7-Requirements for logis- Me-

tics and transportation in- Low Low Low Low Low Low Low dium

frastructure

P8—Technlca| installation Medium- Gl Lengthy Quick Gials Quick Quick Me—

time (after clearance) and com- and and dium-

term and easy . and easy and easy
plicated easy easy term

P9-Requirements for

skilled staff in construction Low Low Medium Low Low Low Low Low

phase

if\j 0-Grid balancing capac- High High High Low Medium Low Low Low

P11-Requirements for elec- Chal- Chal-

tricity grid infrastructure R — Niigdlsiaiie — s Sk lenging | lenging

P12-Requirements for

skilled sjaff for operation Low Low High Low Low Low Low Low

and maintenance and for

special spare parts

P13-Possibility for camou- High High Me-

flage and sheltering High po- | High po- Medium 9 High po- 9 Medium dium

! X . poten- . poten- .
tential tential potential . tential : potential | poten-
tial tial tial

P14-Risk associated with Medium Medium : Low : Low : Low

. : Low risk : Low risk : Low risk )
fuel supply risk risk risk risk risk
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Parameter evaluation 3a. 3.a.Used | 3.a. Wind 3.c.wind | 4 5.a. Bat, 5.b. Bat,
Wind wind on- | onshore domestic | Coal Li-lon Li-lon
on- shore cluster turbines retro- | Utility com-
shore parks (4,2- (<100kw) | fitting | scale munity
parks (>20MW) | 20MW) scale
(>20M
W)

P1-Electricity produc- 50% 50% 50% 50% | >75% |  50% 50%

tion at wintertime

P2-Levelized Cost of

Electricity (LCOE) short | g0, 622 1010 2637 | 454 | 3491 34971

lifetime, winter produc-

tion

P3-Levelized Cost of

Electricity (LCOE) over 41 41 46 167 122 410 410

lifetime

P4-Distributed genera- >20 ) 500 5-150 40-200

tion MW >20 MW | 42-20 MW | 0,1 MW MW MW W

P5-Regulation require- . i i i

ment in the project de- Lengthy | Lengthy Lengthy Quick In be In be In be

and easy | tween tween tween
velopment process

P6—'De|!\{ery time and In be- Quick Quick In be- In be- In be-

availability of compo- In between

! tween | and easy and easy | tween tween tween
nents and materials

P7-Requirements for Me-

logistics and transpor- High High High Low . Low Low

T dium

tation infrastructure

P8-Technical installa- Ve Medium- | Medium- Quick Ve Quick Quick

tion time (after clear- dium- dium- and

term term and easy and easy

ance) term term easy

P9-Requirements for Me- Me-

skilled staff in construc- , Medium Medium Medium . Low Low

i dium dium

tion phase

P10-Grid balancing ca- ity Medium Medium Medium il High High

pacity dium dium

P11-Requirements for ) )

electricity grid infra- Moder Moderate | Moderate Easy Mod Easy Easy

ate erate

structure

P12-Requirements for

skilled staff for opera- Me-

tion and maintenance dium Medium Medium Low Low Low Low

and for special spare

parts

P13-Possibility for Me- Low Me-

camouflage and shel- dium Medium Medium High po- o- Medium dium

tering poten- potential potential tential po potential poten-
: tential .
tial tial

P14-Risk associated Low Me- Medium Me-

with fuel supply ) Low risk Low risk Low risk | dium . dium

risk risk risk risk
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Parameter evaluation 7.a. 7.b. 7c 7d 7e 7f 8.a. 8.b. Mi-
Wood Wood Wood Wood Straw, Straw, | Small cro hy-
pellets, | pellets, | Chips, Chips, CHP CHP hydro, dro,
CHP CHP CHP CHP Me- Small RoR RoR
me- Small Me- Small dium
dium dium

P1-Electricity production at >75% | >75% | >75% | >75% | >75% | >75% | 50% | 50%

wintertime

P2-Levelized Cost of Electricity

(LCOE) short lifetime, winter 1075 2152 1279 2250 1088 2352 929 1244

production

P3-Levelized Cost of Electricity

(LCOE) over lifetime 119 239 142 230 98 233 59 68

P4-Distributed generation 2035 | 3315 | 2035 | 2853 | 2426 | 22> | 10-100 | 1-10

MW MW MW MW MW l\/,|W MW MW
tig Eri?ggtclj()er:/erfc?purlr:irr?te;rgl—n nbe- | Inbe ) Inbe- ) inbe - nbe - In be- Lengthy | Lengthy
cess tween tween tween tween tween tween

P6-Delivery time and availabil- | Lengthy | Lengthy | Lengthy | Lengthy | Lengthy | Lengthy | Lengthy

ity of components and materi- and and and and and and and In be-

als compli- | compli- | compli- | compli- | compli- | compli- | compli- | tween

cated cated cated cated cated cated cated

P7-Requirements for logistics Me- Me- Me- Me- Me- Me- Me-

and transportation infrastruc- di ) : X . . . Low

ture ium dium dium dium dium dium dium

P8-Technical installation time | Lengthy M Lengthy | Lengthy | Lengthy | Lengthy | Lengthy

&= Me-

(after clearance) and dium- and and and and and dium-
compli- term compli- | compli- | compli- | compli- | compli- term

cated cated cated cated cated cated

P9-Requirements for skilled Me- Me- Me- Me- Me- Me- Me- Me-

staff in construction phase dium dium dium dium dium dium dium dium

P10-Grid balancing capacity Me- Me- Me- Me- Me- Me- Me- Me-

dium dium dium dium dium dium dium dium

P11-Requirements for electric- | Moder- Eas Moder- Eas Moder- Eas Moder- | Moder-

ity grid infrastructure ate y ate Y ate Y ate ate

P12-Requirements for skilled

staff for operation and mainte- Me- Me- Me- Me- Me- Me-

. . . . X . . Low Low
nance and for special spare dium dium dium dium dium dium

parts

P13-Possibility for camouflage Me- Me- Me- Me- Me-

and sheltering Low po- dium Low po- | dium Low po- | dium dium dium

tential poten- tential poten- tential poten- poten- poten-
tial tial tial tial tial

P14-Risk associated with fuel Low Low Low Low Low Low Low Low

supply risk risk risk risk risk risk risk risk

Table 4: Parameter evaluation matrix

Cross cutting issues as issues related to the grid as operational challenges in the UA grid
system and challenges related to integration of renewable energy technologies, financial
issues and issues related to transformers are outlined in appendix C.
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EVALUATION OF CHOSEN TECHNOLOGIES

In this section, technologies are evaluated regarding criteria and parameters.
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GAS POWER PLANTS

Criteria evaluation 1.a.Gas 1.b.Gasen- | 1.c.Gasen-
turb. simple | gines, NG gines, bio-
cycle, NG gas

Capacity in wintertime WWW WWW WWW

Implementation speed QQ QQ Q

Technology resilience RR RRR RR

Levelized cost of electricity CCC CCC CCC

General score (1-3) 25 28 23

This chapter covers three types of gas power plants:

e Gas turbines, simple cycle, fueled by natural gas

e Gas engine, fueled by natural gas

e Gas engine, fueled by biogas (not upgraded), solely supplyed by a greenfield
project biogas plant.

Both gas turbines and gas engines can be manufactured across a broad spectrum of
sizes, spanning from a few kilowatts to multiple megawatts. Specifically for this project,
focus is on an open cycle gas turbine with a capacity ranging from 5to 40 MW, and a
gas engine with a capacity ranging from 1 to 10 MW. The selection of these technolo-
gies is primarily intended to underscore distinctions in gas power plants of varying sizes,
rather than emphasizing the choice between turbine and engine technologies.

1.1.5 Gas turbines, simple cycle

Brief technology description

The main components of a simple-cycle (or open cycle) gas turbine power unit are a gas
turbine, a gear (when needed), compressor, combustion chamber, and a generator; see
Figure 7.

—
1 T Air

Figure 7: Process diagram of a SCGT[1]

Gas turbines can be equipped with compressor intercoolers where the compressed air is
cooled to reduce the power needed for compression. The use of integrated recuperators
(preheating of the combustion air) to increase efficiency can also be made by using
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air/air heat exchangers — at the expense of an increased exhaust pressure loss. Gas tur-
bine plants can have direct steam injection in the burner to increase power output
through expansion in the turbine section (Cheng Cycle). Small (radial) gas turbines below
100 kW are now on the market, the so-called micro-turbines. These are often equipped
with preheating of combustion air based on heat from gas turbine exhaust (integrated
recuperator) to achieve reasonable electrical efficiency (25-30%).

Criteria evaluation

Criteria evaluation 1.a. Gas turb. simple cycle, NG
Capacity in wintertime WWW
Implementation speed QQ

Technology resilience RR

Levelized cost of electricity CCC

General score (1-3) 2.5

Table 5: Gas turbines, simple cycle — criteria evaluation matrix

Winter impact (production at wintertime)

Gas turbines will be able to provide a significant contribution to the Ukrainian power sys-
tem during wintertime. Gas power plants are dispatchable, and it is realistic for them to
generate with a high capacity factor approaching, 90-100%, during the winter if deemed
necessary.

Implementing speed

The implementation time is very dependent on size of the project and the choice of tech-
nology. Delivery time for the technology itself is deemed to be around 1 year but could
potentially be lower if used equipment is applied, whereas the installation would typically
take half a year for a project in the size of 10-40 MW. Including the time for planning and
regulation approvals the total time for project delivery would typically be close to two
years.

Resilience

The resilience of gas turbines can be attributed to two key factors. Firstly, their modest
capacity enables the dispersion of gas turbines over a wide geographic area. This disper-
sion minimizes vulnerability to potential air strikes from artillery, missiles, or drones. Sec-
ondly, the relatively small footprint of gas turbines allows for installation within bunkers,
which can be effectively camouflaged to enhance their security. Potential disruptions to
the gas supply, either in select regions of Ukraine or on a national level, caused to terror-
ist attacks, makes up a risk that cannot be neglected.

Generation costs (LCOE), short term and over the lifetime

Due to their low upfront costs and great potential for generation during winters, gas tur-
bines demonstrate the lowest generation cost of all technologies over the course of two
winters. On the other hand, the levelized cost over their entire lifetime is about two to
three times higher than the costs of wind and solar power.
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Data sheet
In Appendix F

1.1.6 Gas engine
The section covers

e (Gasengine, fueled by natural gas.
e (Gas engine, fueled by not upgraded biogas, solely supplyed by a greenfield pro-
ject biogas plant.

There is no difference in the gas engine technology. The biogas plant technology is de-
scribed in the chapter Biogas.

Brief technology description
The evaluation includes a gas engine fueled by natural gas and

A gas engine for co-generation of heat and power drives an electricity generator for the
power production. Electrical efficiency up to 45- 48 % can be achieved. The engine cool-
ing water (engine cooling, lube oil and turbocharger intercooling) and the hot exhaust
gas can be used for heat generation, e.g., for district heating or low-pressure steam. Typ-
ical capacity of a gas engine ranges from 5 kWe to 10 MW

Two combustion concepts are available for spark ignition engines: lean-burn and stoichi-
ometric combustion engines. Another ignition technology is used in dual-fuel engines. A
dual-fuel engine (diesel-gas) with pilot oil injection is a gas engine that — instead of spark
plugs — uses a small amount of light oil (1% — 6%) to ignite the air-gas mix by compres-
sion (as in a diesel engine). Dual fuel engines can often operate on diesel oil alone as
well as on gas with pilot oil for ignition. Figure 8 shows a gas engine cogeneration unit
with heat recovery boilers and an absorption steam driven heat pump to obtain a high
heat production and highest possible overall efficiency.
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Figure 8: Gas engine cogeneration unit

Criteria evaluation

The evaluation is conducted for gas engine fueled by natural gas and by biogas. For the
biogas version it is assumed that a new biogas plant shall been installed, and that the
engine is fueled directly and solely from the biogas plant. However, the cost of the bio-
gas plant is not included in the LCoE calculations, but in all the other parameter assess-
ments.

Criteria evaluation 1.b. Gas engines, NG 1.c. Gas engines, biogas
Capacity in wintertime WWW WWW
Implementation speed QQ Q
Technology resilience RRR RR

Levelized cost of electricity CCC CCC

General score (1-3) 2.8 2.3

Table 6: Gas engines — criteria evaluation matrix

Winter impact (production at wintertime)

Gas engines can significantly contribute to the Ukrainian power system in winter. Gas
engines are dispatchable and can realistically operate at a high-capacity factor, ap-
proaching 90-100%, if needed.
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Implementing speed

The implementation timeline hinges significantly on the project's size. Technology deliv-
ery is estimated at around 1 year, potentially shorter with the use of pre-owned equip-
ment. Installation durations vary, taking a few weeks for a smaller 1 MW project and up
to half a year for a larger 10 MW project requiring customized installation. Accounting
for planning and regulatory approvals, the overall project delivery time could be stream-
lined to less than 1.5 years.

Resilience

The resilience of gas engines is linked to two factors. Firstly, their moderate capacity fa-
cilitates the dispersion of gas engines across a broad geographic area, reducing vulnera-
bility to potential air strikes from artillery, missiles, or drones. Secondly, the very compact
footprint of gas engines allows for bunker installation, enhancing security through effec-
tive camouflage. The risk of potential disruptions to the gas supply, whether in specific
regions of Ukraine or nationally due to terrorist attacks, is a significant concern that can-
not be overlooked.

Generation costs (LCOE), short term and over the lifetime

Because of their low initial investment and considerable winter generation potential, gas
engines exhibit the lowest generation cost among all technologies over two winters.
However, the levelized cost over their entire lifespan is approximately two to three times
higher than that of utility scale wind and solar power.
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1.1.7 Parameter evaluation

This section covers both gas turbines and gas engines since their characteristics, chal-
lenges and opportunities are largely the same. Engines using biogas as fuel are also dis-

cussed.

Parameter evaluation 1.a. Gas turb. 1.b. Gas engines, | 1.c. Gasen-
simple cycle, NG | NG gines, biogas

tiPnl—eElectnClty production at winter- ~75% S75% S75%

P2-Levelized Cost of Electricity

(LCOE) short lifetime, winter pro- 297 398 1178

duction

P3-Levelized Cost of Electricity

(LCOE) over lifetime e 2 A

P4-Distributed generation 5-40 MW 1-10 MW 1-10 MW

PSTReguIatlon requirement in the In between Quick and easy Lengthy

project development process

P6-Delivery time and aya|lab|I|ty of In between In between I_engthy and

components and materials complicated

P7-Requirements for logistics and

T Low Low Low

transportation infrastructure

P8-Technical installation time (af- Medium-term Quick and easy I_engthy and

ter clearance) complicated

P9—ReqU|rements for skilled staff in Low Low Medium

construction phase

P10-Grid balancing capacity High High High

Pj T—Reqwrements for electricity Easy Easy Moderate

grid infrastructure

P12-Requirements for skilled staff

for operation and maintenance and Low Low High

for special spare parts

P13-Possibility for camouflage and . . : . Medium po-

sheltering High potential High potential tential

P14-Risk associated with fuel sup- Medium risk Medium risk Low risk

ply

Table 7: Gas Power — parameters evaluation matrix

P1: Electricity production at wintertime (W)

Gas turbines and gas engines, rely on gas as a fuel. If there is fuel available, they can op-
erate at their full capacity any hour of the day, except for the planned and forced out-
ages. Depending on the specific gas- turbine or engines, there are different requirements
for when the plant should be refurbished, meaning that there will be some weeks of the
year where it is planned that the gas turbine or engine will be out of operation. Typically,
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the refurbishment is planned to be done during the summer, where the need for the plant
is greatly lower. Forced outages can happen for multiple reasons, but typically occurs
due to some form of breakdown, which occurs during production.

As mentioned, the need for a gas engine or turbine, is greatly lower during the summer
as a large share of the electricity can be generated through baseload technologies like
nuclear, wind and increasingly photovoltaics. Meanwhile the power consumption is also
lower, as amongst other reasons, the heat demand is greatly reduced. Furthermore, gas
engines and turbines also compete against other fuel-based power plants and combined
heat and power plants, which means that some of the production will be cannibalized.

Due to these reasons, it is assumed that a gas turbine and engine will operate, to what
equates as, full capacity for 5.000 hours during a year, so-called Full Load Hours (FLH).
As the majority of the production is likely to happen during the winter period, it is as-
sumed that 75% of the FLH will occur during the wintertime, which means that it is as-
sumed that gas engine and turbine, will operate with 3.750 full load hours during the win-
tertime. This corresponds to the annual FLH of a wind turbine, located in the Ukrainian
region with the best wind profiles and above twice the annualized FLH of a PV plant lo-
cated in the Ukrainian region with the best solar profile. If Ukrainian power plants do not
cannibalize on each other, due to missing capacity caused by Russian terror, then the
FLH can be expected to be higher. In summary, gas turbines and engines may be consid-
ered a great power source during the wintertime.

P2: Levelized Cost of Electricity (LCOE) short lifetime, winter production (C)

In the emergency scenario, where the technology is only utilized for two winter periods,
the LCOE of the natural gas engine and turbine are the lowest of all technologies assess.
For a gas turbine with a simple cycle, the LCOE is expected to be 290 €/MWh, compared
to about 400 €/MWh for the gas engine.

The natural gas engine and turbines stand out because the majority of their life-time ex-
penditure is caused by fuel consumption, whereas the investment cost is relatively low,
and so is the cost for operation and maintenance. As less fuel is consumed, as the oper-
ational period is significantly shorter, the fuel costs are proportionately lower in compari-
son to the investment cost, in regard to the LCOE.

Gas engines utilizing biogas, would have slightly higher investment cost than that of the
natural gas engine, as it need to be retrofitted a little to use biogas as a fuel, which also
contains a large portion of CO,. Furthermore, the fuel is a little more costly. This drives
the price of the biogas engine to be significantly higher, than that of the natural gas en-
gine.

P3: Levelized Cost of Electricity (LCOE) over lifetime (C)

For a gas turbine with a simple cycle, the LCOE is expected to be approx. 150 €/MWh.
For the gas engine the LCOE is expected to be about 130 €/MWh. This two-three times
higher than utility scale solar and wind power but less than the biomass technologies in-
cluded and the small-scale wind and solar technologies. Fuel costs make up the vast
majority of costs and therefore obviously, the generation cost from gas technologies, are
highly sensitive to the fuel price developments of gas. The projected LCOE assumes a
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long-term gas price of 35 €/MWh (HHV), assuming LNG will set the price in the European
market.

P4: Distributed generation (R)

Typical gas turbines have a generation capacity that ranges from 1-40 MW and the typi-
cal gas engines have a generation capacity of 1-10 MW. This means that both gas en-
gines and turbines offer a scalable choice of decentralized energy production. As it
might be more typical for a gas turbine to have a capacity above SMW, the gas turbines
can generally be considered to have a medium distributed generation capacity. As gas
engines have a power generation capacity of 1-5MW, the gas engine can be considered
to be easy to distribute. Given the current situation in Ukraine, there are several compel-
ling reasons to favor distributed installations. These installations, located near demand
centers, offer the advantage of reducing dependence on the transmission grid, thereby
mitigating the risks associated with potential power production capacity loss. Moreover,
local power generation at the end-user’s site diminishes the necessity for extensive elec-
tricity transmission, consequently bolstering energy security.

Additionally, the dispersion of gas turbines and gas engines across a broad geographic
area renders them less susceptible to potential air strikes from artillery, missiles, or
drones, further enhancing their resilience.

P5: Regulation requirement in the project development process (Q)

For the natural gas engine, turbine and the biogas engine, the regulation requirement in
the project development process is considered to be quick and easy. This is due to the
fact, that these three technologies come in modular builds, which are well known and are
pre certified for operation. Furthermore, they do not require a lot of space, which makes
the planning proces easier as the building in which the technologies will be placed, has a
smaller impact on the local environment. This means that an evironmental impact
assesment report probably will not be needed.

For the natural gas engine, turbine and the biogas engine, the time spent on planning
and regulation approvals is estimated to be arround 20 weeks.

P6: Delivery time / availability of components and materials (Q)

The delivery time for natural gas engines and turbines is expected to be approximately 1
year if they are ordered today. The reason why it takes so long for the delivery, is the fact
that the manufacturers do not build an inventory of natural gas engines and turbines,
they build the units when they are ordered. This is typically due to different requirements
from the end user, which means that even though the gas engines and turbines are built
as a modular unit, there can be a varying degree of capacity size and the manufacturers
do not want to build a large inventory of different units, as the investment cost is quite
high and there is no guarantee that the units will be purchased.

This means that when a gas engine or turbine is ordered, the manufacturer start to order
the components, such as engine blocks, cylinder heads, pistons, crankshafts etc. Some
of these components the manufacturer might craft themselves. But the process of re-
ceiving all these components takes time, as there currently is a constriction on the raw
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materials and components, which means that there will be a wait time, before the com-
ponents and needed materials are received. This delays the beginning of the assembly
process, on top of the assembly process also requiring some time. Furthermore, through
the interviews, it became apparent that there are some constraints on the availability of
transformers, which with some exceptions are needed to couple the gas engine and tur-
bine to the grid. The transformers are expected to be deliverable within 1 year, which
means that even if the gas engine or turbine is assembled ahead of time, they might not
be able to be coupled to the grid because of a missing transformer. Through the inter-
views, some manufacturers of gas engines, expressed that a 0,5-1TMW gas engine, might
be connectable to the grid, without any transformer.

Compared to some of the other technologies, 1 year is considered to be in between in
regards of delivery time.

P7: Requirements for logistics and transportation infrastructure (Q)

This unit and the components needed for the construction typically requires transport by
equipment of the size of a semitruck, which requires a road. This means that the gas en-
gine and turbine, has a low requirement for logistics and transportation infrastructure, as
roads and semitrucks are easily available.

P8: Technical installation time (min time after clearance) (Q)

Installation time is dependent on the project size. For larger gas turbines and gas en-
gines (2-5 MW or above), after the gas engine and turbine has been delivered to the tar-
get location, it will take around 26 weeks to do all the technical installation, even though
the turbine or engine comes as a module. This is due to the fact that the site needs to be
prepared for construction and there needs to be built roads to the plant, utilities connec-
tions and other necessary infrastructure. The foundation for the engines or turbines
needs to be constructed, so does the associated structures. Then the engines or tur-
bines can be installed together with the ancillary equipment. After this is done, the func-
tionality, safety and production can be tested. All these processes is expected to take
time, but can be lowered with some preparation, but even if this is done, it is expected to
take 26 weeks in general as it cannot be expected that everything will operate smoothly.
Contractors might be delayed or there might be some scheduling issues, which will
cause some down time during the construction.

When compared to the other technologies, the installation time is expected to be in the
medium range.

Smaller gas engines with a capacity up to about T MW (cascade systems with higher ca-
pacity are also possible) may be supplied in a container system allowing for a rapid in-
stallation within a few weeks.

P9: Requirements for skilled staff in construction phase (Q)

During the construction phase, general laborers, heavy equipment operators, concrete
workers, welders, plumbers, electricians, HVAC technicians and safety specialist workers
are required. These laborer types are easy to acquire for the construction phase, as they
are readily available in Ukraine or can be sent from other countries, depending on com-
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pany policies. If companies cannot send their employees to Ukraine to perform the con-
struction due to security concerns, some companies can and will educate general labor-
ers from Ukraine. During the interviews, it was established that the education for assem-
bling a small gas engine or turbine plant, might take some month, which could take place
during the assembly of the ordered gas engines or turbines, which is why the require-
ment for skilled staff is low during construction phase.

P10: Grid balancing capacity (R)

If there is natural gas or biogas available, the natural gas engine, -turbine and biogas en-
gine, can produce electricity at any hour of the day and the startup is very quick. There-
fore, the grid balancing capacity is considered to be high for all these technologies.

P11: Requirements for electricity grid infrastructure (Q)

Depending on the generation capacity of the gas engines or turbines, there will be differ-
ent requirements for the electricity grid, when coupling the gas engines and turbines to
the power grid. As gas turbines can have a generation capacity above 10MW, the re-
quirements for connecting the gas turbines to the grid is higher than that of a gas en-
gine. Which is why the requirement for the coupling of the gas turbine to the grid, is con-
sidered to be moderate, as they can be connected to almost any grid, as long as the gas
turbines are coupled via a transformer. As previously mentioned, the gas engines might
not require a transformer if the generation capacity is below TMW and the gas engines
can be connected to the grid almost anywhere, which is why the connection of a gas en-
gine to the electricity grid is expected to be easy.

P12: Requirements for skilled staff for operation and maintenance and for special spare
parts (R)

To keep a gas engine or turbine plant in operation, operations-, maintenance-, instrumen-
tation-, electrical- and mechanical technicians are required. Depending on the plant size,
these technicians might not be needed for full time employment but can be called in
when there is a specific problem regarding their field of work. Depending on the plant
size an operations technician can manage multiple small units from the same control
room. Because each of these professions can be spread out on multiple plants, and they
can quickly be educated while the order of gas turbines or engines is under way, the re-
quirement for skilled labour is considered to be low, in comparison to other technologies.

P13: Possibility for camouflage and sheltering (R)

Gas turbines and engines have a small footprint, which means that they can easily be
put into a bunker, that can be camouflaged. Therefore, the possibility for camouflage
and sheltering is rated to be of high potential.

P14: Risk associated with fuel supply (R)

As Russia has invaded Ukraine and uses the gas supply as a leverage on European coun-
tries, the risk associated with gas as a fuel supply is considered as a medium level, be-
cause European countries suddenly might not have any available gas to send to Ukraine
via the gas lines. But Ukraine also has a considerable gas production, which they might
utilize for the gas engines and turbines, but the fuel lines might be subjected to Russian
terror which might lower the availability of gas for shorter periods of time, until the gas
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pipes have been fixed again. If the availability of gas is lowered, some gas engine or tur-
bine plants might have to shut down for smaller periods of time.

If the gas engines utilize biogas, the risk associated with the fuel supply is expected to
be low, as the biogas stems from Ukraine’s own biogas facilities to which the engines
are typically connected directly. The biogas facilities are expected to use agricultural
waste products, which there is an abundance of in Ukraine.
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PHOTOVOLTAICS

Criteria evalua- 2.a. PVresidential | 2.b.5.b PVcomm. | 2.b. PV.comm. & 2.c. PV utility 2.d. PV Utility
ti rooftop & industrial - with | industrial scale, ground scale, floating
Ion battery mounted

Capacity in wintertime W W W W W
Implementation speed QQQ QQQ QQQ QQ QQ
Technology resilience RRR RRR RRR RR RR
Levelized cost of elec- C C c C ©
tricity

General score (1-3) 20 2.0 2.0 1.5 1.5

This chapter covers four different types of photovoltaic (PV) technologies:

e PV residential rooftop

e PV commercial, industrial, and public rooftop
e PV utility-scale

e Floating utility-scale PV

Firstly, a common brief technology description is explaining the fundamental technical
details that is general for PV. Hereafter, each technology is outlined in individual sub-
chapters consisting of a brief technology description, criteria evaluation, and data sheet
in annex E. The parameter evaluation for each technology, conversely, is conducted col-
lectively, considering their shared similarities. Where possible a distinction between the
technologies is made.

Brief technology description

Solar energy converts energy from sunlight to electricity with the help of photovoltaic
panels consisting of solar cells. A solar cell is a semiconductor component that gener-
ates electricity when exposed to solar irradiation. For practical reasons, several solar
cells are typically interconnected and laminated to (or deposited on) a glass pane to ob-
tain a mechanical ridged and weathering protected solar module.

In addition to PV modules, that are grid connected PV system or deliver to AC systems
also includes Balance of System (BOS) consisting of a mounting system, DC to AC in-
verter(s), cables, combiner boxes, optimizers, monitoring/surveillance equipment and for
larger PV power plants also transformer(s).

The photovoltaic (PV) modules are typically 1-2.5 m? in size and the best modules have a
power capacity in the range of 220W/m? (22% efficiency). They are sold with a product
warranty of typically ten to twelve years, a power warranty of minimum 25 years and an
expected lifetime of more than 30 years depending on the type of cells and encapsula-
tion method.

There are no large new PV projects installed currently within the reach of Russian mili-
tary actions, because there is no warranty against military damage.
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Solar PV plants can be installed at the distribution (roof top of single-family houses and
on the roof top of or in relation to commercial or public building), at transmission level
(utility-scale PV or floating PV), or used off-grid applications.

The production pattern of solar PV makes the technology attractive to combine with a
short time battery storage, for example lithium-ion batteries. While it would be clear cut
to combine floating PV placed on dams of hydropower plants with pumped hydro stor-
age. Anyways all types of solar PV could be combined with storage batteries, but in this
report only an example of combining the PV on commercial or public buildings with a
lithium-ion battery.

To calculate the generalized power generation from PV, in different Ukrainian regions, a
raster map covering all of Ukraine was used. The raster map originated from Global
Wind Atlas. The map is shown in Figure 99, it shows the expected annual PV generation
in full load hours (FLH: MWh per MW installed capacity) in different regions of Ukraine.
More details on the calculation methodology can be found in Appendix D.
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Figure 9: Expected PV generation (MWh per MW installed capacity)) in different regions of Ukraine.
An annual production of 1200 MWh/MW corresponds to a capacity factor of 14%. The maps are set
up calculating the generalized power generation from photovoltaics, in the different Ukrainian re-
gions, Global Solar Atlas covering the period between 1994-2018 was used.

Overall assessment of the 4 criteria for PV

Solar PV technology offers significant generation potential and represents a scalable op-
tion for distributed energy generation which contribute positively to the resilience of the
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technology. In comparison to other renewable technologies, such as wind power and hy-
dro, it boasts a relatively rapid development process, especially in the case of small-
scale solar PV installations. However, when considering LCOE for the short lifetime and
wintertime production PV exhibits one of the highest values, among all considered tech-
nologies. Regardless of providing one of the lowest LCOEs when calculated over the en-
tire lifetime of energy production.

1.1.8 PV residential rooftop

Brief technology description

A PV residential rooftop refers to a solar PV system installed on the roof of a one family
house. This system is designed to capture sunlight and convert it into electricity for on-
site use or to feed back into the grid. It typically comprises solar panels, inverters, grid
connection and mounting structures, allowing homeowners to harness clean and sus-
tainable energy from the sun to power their households. It is assumed that the total ca-
pacity of the PV modules in a residential system is up to T0kW.

Criteria evaluation

Criteria evaluation | 2. PV residential
rooftop

Capacity in wintertime W

Implementation speed QQQ

Technology resilience RRR

Levelized cost of electricity ©

General score (1-3) 20

Table 8 PV residential rooftop — criteria evaluation matrix

Winter impact (production at wintertime)

Solar PV generally produce more during summertime than during the winter period®.
Only 30% of the total production is in winter. The average capacity factor during winter is
app. 8%, while the annual capacity factor of 14%. The potential PV generation differs
across the country which for wintertime production is shown on the map in Figure 12
Figure 10. This is consistent for PV technology and does not differ across various sub-
technologies within the PV category.

Implementing speed (Q)

In principle a residential PV can be commissioned less than 5 weeks after the decision
have been taken. Since, it can be installed within a week. While the preparation pro-
cesses including inspection and calculation to conclude if the construction of the roof is
appropriate for installing the modules could also conducted in a day or two. Further-
more, there will be a delivery time, which could also be assumed to be relatively short
and less than 2 weeks. It is not necessary to include time spent obtaining permits, then,

5 October to March
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consumers can install electricity generation units for self-consumption without a license.
However, it is possible to enter into agreements to get an active consumer status is
achieved by signing electricity purchase and sale agreements under the self-generation
mechanism, agreements with guaranteed buyers or universal service providers for sell-
ing electricity at a feed-in tariff, this will cost extra time but that is not necessary for
bringing the residential PV plants in operation.

Resilience (R)

Residential PV showcase considerable resilience in the face of potential threats, such as
Russian strikes, owing to their dispersed layout. Solar PV technology presents significant
potential for decentralized energy production. In the current Ukrainian context, distrib-
uted solar PV installations located near demand offer advantage such as reduced de-
pendence on the transmission grid, mitigating risks associated with potential power pro-
duction capacity loss. Operation and maintenance of solar PV installations do not re-
quire exceptionally specialized workforce making it easier to gather Ukrainian teams to
service solar installations.

Generation costs (LCOE), short term and over the lifetime (C)

Residential PV technology exhibit one of the least competitive Levelized cost of electric-
ity (LCOE) when analyzed over the short term (2 years) and only for wintertime produc-
tion. This is due to the high capital cost and low production at wintertime. Seen over the
entire lifetime, the LCOE for PV is on the other hand is among the lowest among the
technologies analyzed.

Data sheet
In Appendix F

1.1.9 PV commercial and public, rooftop and ground mounted

Brief technology description

PV commercial and public, rooftop and ground mounted refers to a solar PV system in-
stalled on the roof of or at the ground in relation to commercial or public buildings. This
system is designed to capture sunlight and convert it into electricity for on-site use or to
feed back into the grid. It typically comprises solar panels, inverters, grid connections,
mounting structures, monitoring equipment tracks the performance of the PV installa-
tion.

Scale and Capacity: PV on commercial, industrial, and public rooftops range from small-
scale installations to large projects, depending on the energy demand and available
space. It is assumed that the total capacity of the PV modules in a residential system is
up to 100 kW.

A variation that is considered in this analysis is the combination of a PV and an energy
storage (a lithium-ion battery) to store surplus electricity for use during periods of low
sunlight or as a backup power source.
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Criteria evaluation

Criteria evaluation 2.b.5.bPVcomm. & | 2.b. PV comm. &
industrial - with bat- | industrial
tery
Capacity in wintertime W W
Implementation speed QQQ QQQ
Technology resilience RRR RRR
Levelized cost of electricity C C
General score (1-3) 20 20

Table 9: PV commercial, industrial, and public rooftop — criteria evaluation matrix

Winter impact (production at wintertime)

Solar PV typically generates more power in the summer compared to the winter period®,
with only around 30% of the total production occurring in winter. However, the capacity
factor varies between the regions. The average capacity factor during winter is approxi-
mately 8%, while the average annual capacity factor is 14%. This is consistent for PV
technology and does not differ across various sub-technologies within the PV category.

Implementing speed (Q)

The development of a commercial-scale solar PV project involves several key steps, in-
cluding conducting preliminary feasibility and roof/land inspections, and performing
technical and economic feasibility studies. Conducting Technical and Economic Feasibil-
ity Study (TEFS) and Project and Cost Estimate Documentation (PCED) varies based on
the need of detailed analysis required. It is common to do a PCED to start with. Tenders
for construction are announced, leading to the project's operation and transfer to local
municipal companies for ongoing maintenance.

The timeframe for solar PV installations varies based on factors such as manufacturer,
model, and order volume, ranging from weeks to months. In commercial-scale solar pro-
jects, the feasibility study takes about 5-7 days, inspections around 10 days, TEFS ap-
proximately one month, and PCED about 1.5 months (up to 4 months in less favourable
circumstances). In the tendering process, contractors are required to maintain neces-
sary equipment in stock and ensure delivery within 7 days during the tendering process.

The duration of the installation is assumed to 3 to 4 weeks.
Summing up to a total implementing time of approximately a little more than 20 weeks.
Resilience (R)

Commercial and public PV showcase moderate resilience in the face of potential threats,
such as Russian strikes, owing to their dispersed layout. Solar PV technology presents
significant potential for decentralized energy production. In the current Ukrainian con-
text, distributed solar PV installations located near demand offer advantage such as re-
duced dependence on the transmission grid, mitigating risks associated with potential
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power production capacity loss. Operation and maintenance of solar PV installations do
not require exceptionally specialized workforce making it easier to gather Ukrainian
teams to service solar installations.

Combining with batteries improves the resilience. Furthermore, the batteries can be in-
stalled underground and or be sheltered and camouflaged, despite a considerable de-
mand for cooling.

Generation costs (LCOE), short term and over the lifetime (C )

Commercial and public scale PV technology exhibit among the least competitive Lev-
elized cost of electricity (LCOE) when analyzed over the short term (2 years) and only for
wintertime production. This is due to the high capital cost and low production at winter-
time. Seen over the entire lifetime, the LCOE for PV is on the other hand is among the
lowest among the technologies analyzed.

Data sheet
In Appendix F

1.1.10 PV utility-scale

Brief technology description

PV utility-scale refers to large-scale PV solar power generation systems that are de-
signed and deployed to supply electricity to utility companies or the electrical grid. PV
utility-scale systems are characterized by their substantial solar panel arrays, typically
covering several acres of land.

Criteria evaluation

2.d. PV Utility scale,
Criteria evaluation floating
Winter impact W
Implementing speed QQ
Resilience RR
Cost (LCOE, wintertime 2 years lifetime) C
General score (1-3) 15

Table 10: PV utility-scale — criteria evaluation matrix

Winter impact (production at wintertime)

Solar PV typically generates more power in the summer compared to the winter period’,
with only around 30% of the total production occurring in winter. However, the capacity
factor varies between the regions. The average capacity factor during winter is approxi-
mately 8%, while the average annual capacity factor is 14%. This is consistent for PV
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technology and does not differ across various sub-technologies within the PV category.
Implementing speed (Q)

The implementation speed set to moderate, although that the development of a utility-
scale solar PV farm involves several key steps, including screening the electrical grid's
capacity, identifying potential sites, securing land rights, designing the solar park, obtain-
ing permits, negotiating power purchase agreements, securing financing, procuring
equipment, and finally, construction and operations.

If experienced construction companies are available, the solar park can be constructed
within a time frame of approximately 6 months. Challenges include delays in grid con-
nection, shortage of skilled engineers, and transportation obstacles. The delivery time for
solar PV installations varies, and Ukraine's infrastructure poses challenges. Despite on-
going war, solar PV installations continue in Ukraine, emphasizing the need for a profi-
cient workforce. Integration into the electricity grid requires well-developed infrastruc-
ture, facing challenges from attacks on the grid during the war with Russia.

However, it is concluded that the total period from idea to operation is a little less than 2
years.

Resilience (R)

The resilience of utility scale PV is assessed to be moderate. In the current Ukrainian
context, distributed solar PV installations located near demand centres offer advantages
such as reduced dependence on the transmission grid, mitigating risks associated with
potential power production capacity loss. Localized power generation enhances energy
security by minimizing the need for extensive electricity transmission.

Operation and maintenance of solar PV installations do not require exceptionally special-
ized workforce making it easier to gather Ukrainian teams to service solar installations.
The resilience could be increased by including at least a two-year mandatory service
contracts within tender specifications.

During war, protective structures, shelters, camouflage, or underground bunkers can be
employed to protect the transformer station, but the possibility for protecting the mod-
ules is limited, and it could be assumed that risk for that the utility scale PV plant is seen
as a target is higher.

Generation costs (LCOE), short term and over the lifetime (C)

Utility scale ground mounted PV technology exhibit among the least competitive Lev-
elized cost of electricity (LCOE) when analyzed over the short term (2 years) and only for
wintertime production. This is due to the high capital cost and low production at winter-
time. Seen over the entire lifetime, the LCOE for PV is on the other hand is among the
lowest among the technologies analyzed.

Data sheet
In Appendix F
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1.1.11 Floating utility-scale PV

Brief technology description

Floating utility-scale PV refers to large-scale photovoltaic solar installations that are situ-
ated on bodies of water, such as dams and reservoirs, using floating platforms. If, they
will be placed on the surface of the dam of a hydro power plants, transformers and grid
can be shared which is an advantage for the economy. The key difference to ground
mounted Utility scale PV system is the specially designed floating structures or plat-
forms are used to support solar panels on the water's surface.

Inverter Systems: Inverters are employed to convert the direct current (DC) electricity
generated by the solar panels into alternating current (AC) suitable for the grid. Grid Con-
nection: Floating solar installations are typically connected to the electrical grid, allowing
the generated electricity to be distributed and utilized as needed.

Criteria evaluation

Criteria evaluation 2.d. PV Utility scale, float-
ing

Capacity in wintertime W

Implementation speed QQ

Technology resilience RR

Levelized cost of electricity C

General score (1-3) 1.5

Table 11 PV utility-scale floating - criteria evaluation matrix

Winter impact (production at wintertime)

Solar PV typically generates more power in the summer compared to the winter period?,
with only around 30% of the total production occurring in winter. However, the capacity
factor varies between the regions. The average capacity factor during winter is approxi-
mately 8%, while the average annual capacity factor is 14%. This is consistent for PV
technology and does not differ across various sub-technologies within the PV category.

Implementing speed (Q)

The implementation speed set to moderate, although that the development of a floating
utility-scale solar PV involves several key steps, including screening the electrical grid's
capacity, identifying potential sites, securing land rights, designing, obtaining permits, ne-
gotiating power purchase agreements, securing financing, procuring equipment, and fi-
nally, construction and operations.
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Itis assumed it could be a challenge to hirs experienced construction companies be-
cause the floating PV is a relatively new technology. Therefore, it is assumed that it takes
a little longer to construct the floating solar park, but that it can be within a time frame of
approximately 8 months. Challenges include delays in grid connection, shortage of
skilled engineers, and transportation obstacles. The delivery time for solar PV installa-
tions varies, and Ukraine's infrastructure poses challenges. Integration into the electricity
grid requires well-developed infrastructure but could faster if placed on a dam of a hydro
plant, where the installations sufficient capacity is already available.

However, it is concluded that the total period from idea to operation is a little more than
2 years.

Resilience (R)

The resilience of floating utility scale PV is assessed to be moderate. In the current
Ukrainian context, distributed solar PV installations located near demand centers offer
advantages such as reduced dependence on the transmission grid, mitigating risks as-
sociated with potential power production capacity loss. Localized power generation en-
hances energy security by minimizing the need for extensive electricity transmission.

Operation and maintenance of solar PV installations do not require exceptionally special-
ized workforce making it easier to gather Ukrainian teams to service solar installations.
The resilience could be increased by including at least a two-year mandatory service
contracts within tender specifications.

During war, protective structures, shelters, camouflage, or underground bunkers can be
employed to protect the transformer station, but the possibility for protecting the mod-
ules is limited, and it could be assumed that risk for that the utility scale PV plant is seen
as a target is higher than for the smaller PV systems.

Generation costs (LCOE), short term and over the lifetime (C)

Utility scale floating PV technology exhibit among the least competitive Levelized cost of
electricity (LCOE) when analyzed over the short term (2 years) and only for wintertime
production. This is due to the high capital cost and low production at wintertime. Seen
over the entire lifetime, the LCOE for floating PV is on the other hand is in the middle
among the technologies analyzed.

Data sheet
In Appendix F

1.1.12 PV parameter evaluation

Due to their similarities the parameter evaluation covers all sub-technologies of the PV
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segment. Where possible a distinction is made.

2.a.PV [2b.5b [2b.PV [2.c.PV [2.d PV
Parameter residenti [PV comm. &|utility Utility
arameters al comm. &|industria [scale, scale,
rooftop [industria |l ground [floating
P1-Electricity production at wintertime <30% | <30% | <30% | <30% [ <30%
P.Z—Levellzed (?ost of Electricity (LCOE) short lifetime, 0079 =061 0740 0357 | 4045
winter production
P3-Levelized Cost of Electricity (LCOE) over lifetime 74 137 69 61 80
P4-Distributed generation O@S\f’ 0,1 MW [ 0,1 MW | 40 MW | 10 MW
P5-Regulation requirement in the project development Quick | Quick | Quick In In
process and easy|and easy|and easy | between | between
P6-Delivery time and availability of components and Quick | Quick | Quick In In
materials and easy|and easy|and easy | between | between
.P7-ReqU|rements for logistics and transportation Low Low Low Low | Medium
infrastructure
P8-Technical installation time (after clearance) Quick | Quick | Quick | Quick |Medium-
and easy|and easy|and easy|and easy| term
P9-Requirements for skilled staff in construction phase Low Low Low Low Low
P10-Grid balancing capacity Low [Medium| Low Low Low
P11-Requirements for electricity grid infrastructure Easy Easy Easy Charl]lgeng| Charl]lsng|
P12-Requirements for skilled staff for operation and
maintenance and for special spareparts Low Low Low Low Low
) A . High High High | Medium [ Medium
P13-Possibility for camouflage and sheltering potential | potential | potential | potential | potential
P14-Risk associated with fuel supply Low risk | Low risk [ Low risk [ Low risk | Low risk

Table 12 Photovoltaic technologies - parameter evaluation matrix

P1 Electricity production at wintertime:

Solar PV generally produce more during summertime than during the winter period®.
Only 30% of the total production is in winter. The average capacity factor during winter is
app. 8%, while the annual capacity factor of 14%. Obviously, the production depends on
the specific location. Figure 10 shows, the expected annual wintertime PV generation in
full load hours (FLH: MWh per MW installed capacity) in different regions of Ukraine.
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Figure 10 : Expected wintertime PV generation (MWh per MW installed capacity) in different regions
of Ukraine. A wintertime production of 350 MWh/MW corresponds to app. 30 % of the annual pro-
duction and a capacity factor of 8%. The maps are set up calculating the generalized power genera-
tion from photovoltaics, in the different Ukrainian regions, Global Solar Atlas covering the period be-
tween 1994-2018 was used.

P2: Levelized Cost of Electricity (LCOE) short lifetime, winter production (C)

The levelized cost of electricity generation over two winters (emergency perspective)
amount to approximately:

e 3000 €£/MWh for PV residential rooftop

e 6000 €/MWh for PV comm. & industrial - with battery
e 2700 €/MWh for PV comm. & industrial

e 2400 €/MWh for PV Utility-scale

e 4000 €/MWh for Floating PV,

This is significantly higher than for all other technologies included in this analysis. This
is due to the high upfront capital costs and the low production during winter.

P3: Levelized Cost of Electricity (LCOE) over lifetime (C)

On the other hand, solar PV technology shows low Levelized Cost of Electricity (LCOE)
when considering production all year round and the project's expected lifetime, which
spans a minimum of 30 years, barring any unforeseen events:
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e 75€/MWh for PV residential rooftop

e 135€/MWh for PV comm. & industrial - with battery
e 70 €/MWh for PV comm. & industrial

e 70 €/MWh for PV Utility-scale

e 80 €/MWh for Floating PV,

Which shows that LCOE over the lifetime of PV is in general lower than for all other tech-
nologies included in these analyzes, except for Wind and hydro. Combining with batter-
ies makes the LCOE approximately double the LCOE.

P4: Distributed generation (R)

Solar PV technology holds substantial generation potential as a scalable choice for de-
centralized energy production. Solar PV installations can vary in size, spanning from a
few watts to multiple megawatts.

Given the current situation in Ukraine, there are several compelling reasons to favor dis-
tributed solar PV installations. These installations, located near demand centers, offer
the advantage of reducing dependence on the transmission grid, thereby mitigating the
risks associated with potential power production capacity loss. Moreover, local power
generation at the end-user's site diminishes the necessity for extensive electricity trans-
mission, consequently bolstering energy security.

P5: Regulation requirement in the project development process (Q)

In general, if solar panels are installed on single-family dwellings and the production
does not exceed the family’'s own consumption limits, it is not needed to seek approval
or licensing.

The preparation processes for residential PV includes inspection and calculation to con-
clude if the construction of the roof is appropriate for installing the modules, which could
also be conducted in a day or two. It is not necessary to include time spent obtaining
permits, because consumers can install electricity generation units for self-consumption
without a license. However, it is possible to enter into agreements to get an active con-
sumer status is achieved by signing electricity purchase and sale agreements under the
self-generation mechanism, agreements with guaranteed buyers or universal service
providers for selling electricity at a feed-in tariff, this will cost extra time, but that is not
necessary for bringing the residential PV plants in operation.

The development of a commercial-scale solar PV project typically involves the following
steps:

1. Preliminary Feasibility Study: This involves a theoretical assessment of the po-
tential for installing a station, based on basic energy consumption data, building
photos, and other consumption-related information. It provides an initial evalua-
tion of the necessary investment, project benefits, projected electricity produc-
tion costs, and energy offset. The preliminary feasibility study could be con-
ducted within 5-7 days.
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2. Roof Inspection Report or Land Inspection Report: These reports are more com-

prehensive and typically funded by the city council or entity interested in acquir-
ing the project. Certified engineers prepare these reports, ensuring that the struc-
ture can support the installation. This step is crucial to prevent unexpected ex-
penses for structural modifications later in the process. Roof inspections typi-
cally take about 10 days to complete. For land inspections, the focus is on com-
munication infrastructure and potential limitations, such as gas pipelines or other
project-affecting factors.

Conducting a Technical and Economic Feasibility Study (TEFS) or Creating Pro-
ject and Cost Estimate Documentation (PCED): The choice between these op-
tions depends on various factors. If there is certainty about available project
funding, it is common to proceed directly to PCED. If a potential investor com-
mits to funding the project regardless of potential additional factors, PCED may
also be the starting point. However, if a more detailed analysis is required, the
process begins with a TEFS. This involves an engineer conducting a thorough
site inspection and performing detailed calculations based on various scenarios,
accounting for factors such as panel quantity and electrical network quality. A
TEFS could take about T month while PCED could take from 1.5 months to 4
months.

Announcing Tenders for Construction. It is considered that a 30-kW plant could
be built within 7-10 days, and a 100 kW plant in about 15-18 days if no critical is-
sues arise. Subsequent documentation processes depend on the parties involved
and how quickly they want to close the matter.

The development of a utility-scale solar PV farm typically involves the following steps:

1.

Screening Phase: This initial phase entails assessing the capacity and availability
of the electrical grid to connect the solar park to the power system. Grid integra-
tion studies are conducted to ensure the grid can accommodate the injected
power from the solar PV at the chosen connection point. The results of these
grid studies are crucial before a solar power developer can commit to a specific
project. Depending on the park's location, the wait time for grid connection can
be substantial.

Development Phase: During this stage, potential sites for the solar park are iden-
tified, and the necessary land rights from landowners are secured, either through
land purchase or leasing. It is recommended to engage in consultations with
neighbours and discuss specific conditions relevant to PV installations to ensure
local support before initiating political processes.

Solar Park Design and Permitting: This phase involves designing the layout and
size of the solar park, as well as obtaining all the required permits and approvals
from regulatory agencies. Environmental impact assessments (EIA) are not man-
datory for solar power projects.

Power Purchase Agreements: This phase includes negotiating contracts with util-
ities or other off takers to sell the electricity generated by the solar park.
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5. Financing: In this step, funding is secured from investors or lenders to cover the
costs of developing, constructing, and operating the solar park.

6. Procurement: This phase involves acquiring or leasing all the necessary equip-
ment, materials, and services for building and operating the solar park. The deliv-
ery time for new solar panels is typical less than 10 weeks, but for the trans-
former and inverters in some cases, it can extend up to two years. This phase
also involves contracting with local construction companies for civil works,
roads, construction sites, and electrical infrastructure.

7. Construction and putting into Operations: This phase encompasses the con-
struction, testing, commissioning, and operation of the solar park over its life-
time. If experienced construction companies are available, the solar park can be
constructed within a time frame of approximately 6 months.

To reduce the process for utility-scale solar parks, one effective approach is to com-
mence with projects that have already undergone exhaustive due diligence.

P6: Delivery time / availability of components and materials (Q)

In general, PV modules in stock on the marked in EU, and thereby easily available. How-
ever, the delivery timeframe for solar PV installations in Ukraine can vary from a matter
of weeks to several months, partly depending on the scale of the installation.

P7: Requirements for logistics and transportation infrastructure (Q)

The transportation of solar PV components, including panels, inverters and mounting
equipment, do not in general require specialized vehicles, equipment, and routes, de-
pending on the installation's size, while it in general can be divided in modules. Although,
Ukraine's logistics and transportation infrastructure can present challenges for due to
subpar road conditions in certain regions, port and crane damages, and security con-
cerns in war-affected areas.

P8: Technical installation time (min time after clearance) (Q)

Construction and Operations: This phase encompasses the construction, testing and
commissioning. If experienced construction companies are available, the solar park can
be constructed within a time frame of approximately 6 months. While residential can be
installed in less than a week and commercial / public plants in less than 3 weeks de-
pending on the size.

P9: Requirements for skilled staff in construction phase (Q)

The construction of PV installations, necessitates a proficient workforce spanning multi-
ple disciplines, including engineering, project management, procurement, installation,
commissioning, quality control, health and safety, and environmental protection. But not
in same extent as for large wind power.

However, it could the installation of mounting systems requires a certain level of exper-
tise. a possibility that is mentioned as an advantage is contracting experienced work-
force not at least when it comes to putting up the mounting system.
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Based on the previous experience with erecting about 6.6 GW of PV capacity it is ex-
pected that skilled staff is available. Despite that it has been mentioned that the lack of
qualified technical supervision experts for quality assessment of construction and instal-
lation is a challenge in Ukraine at the moment.

P10: Grid balancing capacity (R)

The grid balancing capacity for PV is low. However, PV plants may provide downregula-
tion if generating or upregulation if not generating at maximum capacity. Usually, PV
plants would operate at maximum capacity since this would maximize earnings in the
power market under normal conditions. The PV could support the grid, by supplying elec-
tricity at distributed level near the consumers.

P11: Requirements for electricity grid infrastructure (R)

The integration of utility scale PV, into the electricity grid necessitates the presence of
well-developed transmission and distribution lines, substations, balancing and ancillary
services, as well as the implementation of smart grid technologies. It's crucial to note
that Ukraine's electricity grid infrastructure has faced challenges, including attacks on its
electricity infrastructure by missiles and drones from Russia during the ongoing war.

A significant aspect is the need for seamless integration of solar energy into the power
grid without overburdening it. Consequently, it becomes imperative to adopt a regional
approach, precisely outlining the strategic deployment of solar energy, thus ensuring its
effective and efficient incorporation into the national energy landscape. This approach
shall aim to address the challenges of grid integration, and coordinated planning for the
sustainable growth of solar energy in Ukraine.

P12: Requirements for skilled staff for operation and maintenance and for special spare
parts (R)

The operation and maintenance of solar PV installations typically do not demand an ex-
ceptionally skilled and specialized workforce, making it relatively straightforward to as-
semble a Ukrainian team capable of servicing the solar installation. However, it's im-
portant to emphasize that a security company is imperative to provide round-the-clock
protection for the PV plant, as the risk of theft is considerably high, a challenge common
to all installations in Ukraine.

In tender specifications, it is highly recommended to stipulate the inclusion of a manda-
tory service contract for at least the initial two years. Moreover, considering a service
contract for professional maintenance beyond this period is also advisable. Presently in
Ukraine, service technicians conduct biannual visits to solar installations, primarily to as-
sess the quality of connections, ensure the absence of issues, and address any emerg-
ing concerns.

P13: Possibility for camouflage and sheltering (R)

It is not possible to camouflage or shelter utility scale PV due to their size, but it is possi-
ble to protect critical components such as transformer stations with fences and/or by
establishing them underground in bunkers or by protecting them with concrete roofs.

The size and production of the residential and in some extent of the commercial and
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public PV is relatively low, thereby, the importance for the electricity system limited,
therefore, the risk for these being enfiladed is assessed to be relatively low than for the
larger plants.

The map provided below illustrates the potential reach of Russian artillery and close-
range ballistic missiles (CRBM). It becomes evident that a substantial portion of Ukraine,
with the exception of the central regions, falls within the CRBM range. Even in these rela-
tively safer areas, the energy infrastructure remains susceptible to potential drone at-
tacks or longer-range missile strikes. Notably, the maps (in the two figures below) also
underscores that the central regions of Ukraine, which face a lower risk of Russian artil-
lery or missile attacks, continue to offer reasonable electricity generation potential, even
during the winter season.
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Figure 17 Expected annual PV generation (MWh per MW installed capacity) in different regions of
Ukraine. An annual production of 1200 MWh/MW corresponds to a capacity factor of 14%. Buffer
zones of 100km and 280km was applied from Russian controlled areas and Belarus, accounting for
the longest range of Russian artillery and CRBMs (close range ballistic missiles). The maps are set
up calculating the generalized power generation from photovoltaics, in the different Ukrainian re-
gions, Global Solar Atlas covering the period between 1994-2018 was used.
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Figure 12 Expected wintertime PV generation (MWh per MW installed capacity) in different regions
of Ukraine. And wintertime production of 350 MWh/MW corresponds to app. 30 % of the production
and a capacity factor of 8%. Buffer zones of 100km and 280km was applied from Russian controlled
areas and Belarus, accounting for the longest range of Russian artillery and CRBMs (close range bal-
listic missiles). The maps are set up calculating the generalized power generation from photovolta-
ics, in the different Ukrainian regions, Global Solar Atlas covering the period between 1994-2018 was
used.

P14: Risk associated with fuel supply (R)
Not relevant

1.1.13 Additional technology-specific insights from the interviews
Achieving a comprehensive large-scale transition towards green energy sources neces-
sitates the attainment of cost competitiveness with conventional oil and gas alterna-
tives. A pivotal factor in this transition involves the identification of reliable partners who
possess bankable Power Purchase Agreements (PPAS).

According to insights from interviewed Ukrainian experts, the investment landscape in
Ukraine is characterized by a scarcity of purely financial investments solely driven by
profit motives. Instead, stakeholders are often participants in co-financing endeavours,
wherein they contribute equipment or financial resources, or provide support to Ukraini-
ans in multifaceted ways. These contributors play an integral role in facilitating and ad-
vancing sustainable projects within the Ukrainian landscape, aligning with the United Na-
tions Development Programme on Energy service companies (UNDP ESCO) initiative's
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objectives aimed at enabling such investments.
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ONSHORE WIND

Criteria evaluation 3.a. Wind on- 3.a. Used 3.a.Windon- | 3.c. Wind do-
shore parks wind onshore | shore cluster | mestic tur-
(>20MW) parks (4,2-20MW) bines
(>20MW) (<100kw)
Capacity in wintertime WW WW WW WW
Implementation speed Q QQ Q QQQ
Technology resilience RR RR RR RRR
Levelized cost of electricity CCeC CeE CCC ©
General score (1-3) 20 23 2.0 2.3

This chapter covers four different types of onshore wind technologies:

e Large-scale onshore wind farm (20-100 MW)

e Cluster of onshore wind turbines (5-20 MW)

e Used wind turbines for a large-scale onshore wind farm (20-100 MW)
e Domestic wind turbines

The three first technologies are all MW scale technologies, and their characteristics,
challenges and opportunities are largely the same. Therefore, these technologies are
treated together in most of the sections in the chapter.

Domestic wind turbines on the other hand are in the kW scale and intrinsically different
from the large turbines, both regarding the technology and approval process, and are
therefore considered in a separate chapter.

1.1.14

Brief technology description

Onshore wind turbines (MW scale)

Because of their similarities, this section covers large-scale onshore wind farm (20-100
MW), clusters of onshore wind turbines (5-20 MW) and used wind turbines for a large-
scale onshore wind farm (20-100 MW).

The typical large onshore wind turbine being installed today is a horizontal axis, three
bladed, upwind, grid connected turbine using active pitch, variable speed, and yaw con-
trol to optimize generation at varying wind speeds.

Wind turbines work by capturing the kinetic energy in the wind with the rotor blades and
transferring it to the drive shaft. The drive shaft is connected either to a speed-increasing
gearbox coupled with a medium- or high-speed generator, or to a low-speed, direct-drive
generator. The generator converts the rotational energy of the shaft into electrical en-
ergy. In modern wind turbines, the pitch of the rotor blades is controlled to maximize
power production at low wind speeds, and to maintain a constant power output and limit
the mechanical stress and loads on the turbine at high wind speeds. A general descrip-
tion of the turbine technology and electrical system, using a geared turbine as an exam-
ple, can be seen in Figure 13.

o5/



-
AN

S
R
S

wind.energygov

CEAR A

e

N

7

o e
- s
;“' "A\

a

N

W@

Three major parameters define the design of a wind turbine. These are hub height,
nameplate capacity (or rated power) and rotor diameter. The last two are often com-
bined in a derived metric called “specific power”, which is the ratio between nameplate
capacity and swept area. The specific power is measured in W/m?.

Figure 13 General wind turbine technology and electrical system

58



At the beginning of 2020, the total installed capacity of Ukrainian wind farms was 1.17
GW. The wind resource in Ukraine is ample and studies have shown that Ukraine could
potentially host more than 600 GW of wind capacity.

Figure 14 Four Vestas 3 MW wind turbines

Figure 15Figure 15 shows the expected annual wind turbine generation (MWh per MW
installed capacity) in different regions of Ukraine. To calculate the generalized power
generation from wind turbines, in different Ukrainian regions, a raster map covering all of
Ukraine was used. The raster map originated from Global Wind Atlas. The raster map
contains the yearly capacity factor of wind turbines in the class IEC2'°. More details on

10 |EC Class 1 turbines are generally for wind speeds greater than 8 m/s. These turbines are
tested for higher extreme wind speed and more severe turbulence.

IEC Class 2 turbines are designed for average wind speeds of 7.5 m/s to 8.5 m/s.

IEC Class 3 turbines are designed for winds less than 7.5 m/s. These turbines will need a larger
rotor to capture the same amount of energy as a similar turbine at a Class Il site. Source:
https://www.Imwindpower.com/en/stories-and-press/stories/learn-about-wind/what-is-a-wind-
class
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the calculation methodology can be found in Appendix E.
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Figure 15: Wind resource chart, expected annual wind turbine generation (MWh per MW installed ca-
pacity) in different regions of Ukraine. An annual production of 3500 MWh/MW corresponds to a ca-
pacity factor of 40%.

Criteria evaluation
Large-scale onshore wind farm (20-100 MW)

Criteria evaluation 3.a. Wind onshore parks
(>20MW)

Capacity in wintertime WW

Implementation speed Q

Technology resilience RR

Levelized cost of electricity Cel

General score (1-3) 2.0

Table 13 Wind Power - criteria evaluation matrix

Winter impact, production at wintertime(W)

Large-scale onshore wind farm will be able to provide a significant contribution to the
Ukrainian power system during wintertime. Obviously, the production depends on the
weather patterns and there will significant variations in generation over the winter sea-
son. However, Ukraine is a large country, and it is rarely calm everywhere. Large wind
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turbines demonstrate a capacity factor of about 40% during wintertime, meaning that on
average 40% of the installed capacity can be utilized.

Implementing speed (Q)

In principle a wind farm may be erected within 6 months. However, the preparation pro-
cesses are significant and involve environmental and legal permitting (1-2 years), deliv-
ery time for the wind turbines (up to two years) and feasibility studies and siting analyzes
(about 1 year). Under ideal conditions and relaxed environmental approval procedures a
green field wind farm project could be established within 2 years, but 4-5 years is a more
realistic estimate for a large onshore wind farm given the current framework conditions
in Ukraine.

Resilience (R)

Wind farms showcase considerable resilience in the face of potential threats, such as
Russian strikes, owing to their dispersed layout. The transformer station connecting the
wind farm to the high voltage power grid may be camouflaged or protected, by a con-
crete ceiling. Therefore, it would require multiple attacks to take out a wind farm. De-
signing the wind farm with multiple 2-3 MW units, rather than fewer large units of per-
haps 5-6 MW, would make the wind farm more resilient towards air strikes.

Generation costs (LCOE), short term and over the lifetime (C)

Large-scale wind farms exhibit one of the most competitive Levelized cost of electricity
(LCOE) profiles among all available energy technologies. Even in the short term, involving
the generation over just two winters, wind energy is fairly a cost-efficient option, despite
its initial capital investment.

Cluster of onshore wind turbines (5-20 MW)

Criteria evaluation 3.a. Wind onshore cluster (4,2-
20MW)

Capacity in wintertime WW

Implementation speed Q

Technology resilience RR

Levelized cost of electricity CCC

General score (1-3) 2.0

Table 14 Wind Power - criteria evaluation matrix

Winter impact (production at wintertime)

Onshore wind farm may provide a significant contribution to the Ukrainian power system
during wintertime. The production depends on the weather patterns and there will signifi-
cant variations in generation, however, Ukraine is a large country, and it is rarely calm
everywhere. Large wind turbines demonstrate a capacity factor of about 40% during
wintertime, meaning that on average 40% of the installed capacity can be utilized.

Implementing speed
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In principle a wind farm may be erected within 6 months. However, the preparation pro-
cesses are significant and involve environmental and legal permitting (1-2 years), deliv-
ery time for the wind turbines (up to two years) and feasibility studies and siting analyzes
(about 1 year). Under ideal conditions and relaxed environmental approval procedures a
green field wind farm project could be established within 2 years, but 3-4 years is a more
realistic estimate for a cluster of onshore wind turbines given the current framework
conditions in Ukraine. Compared to large wind farms, up to 100 MW, it might be easier to
site smaller projects at locations where environmental and legal approval conditions are
more favourable.

Resilience

Wind farms showcase considerable resilience in the face of potential threats, such as
Russian strikes, owing to their dispersed layout. The transformer station connecting the
wind farm to the high voltage power grid may be camouflaged or protected, by a con-
crete ceiling. Therefore, it would require multiple strikes to take out a wind farm. Design-
ing the wind farm with multiple 2-3 MW units, rather than a few large units of perhaps 5-
6 MW, would make the wind farm more resilient towards air strikes.

Generation costs (LCOE), short term and over the lifetime

Clusters of wind turbines are among the most competitive of all available energy tech-
nologies. Even in the short term, involving the generation over just two winters, wind en-
ergy is fairly a cost-efficient option, despite its initial capital investment.

Used wind turbines for a large-scale onshore wind farm (20-100 MW)

Criteria evaluation 3.a. Used wind onshore parks
(>20MW)

Capacity in wintertime WW

Implementation speed QQ

Technology resilience RR

Levelized cost of electricity CCC

General score (1-3) 2.3

Table 15: Wind Power - criteria evaluation matrix

Winter impact (production at wintertime)

Used wind turbines — typically 8-10 years old and with a capacity of 3 MW — applied in a
large-scale (20-100 MW) wind farm may provide a significant contribution to the Ukrain-
ian power system during wintertime. The production depends on the weather patterns
and there will significant variations in generation, however, Ukraine is a large country,
and it is rarely calm everywhere. Large wind turbines demonstrate a capacity factor of
about 40% during wintertime, meaning that on average 40% of the installed capacity can
be utilized.

Implementing speed

In principle a wind farm may be erected within 6 months. However, the preparation pro-
cesses are significant and involve environmental and legal permitting (1-2 years) and
feasibility studies and siting analyzes (about 1 year). On the other hand, the delivery time
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for used wind turbines may, depending on the supplier, potentially be very short. Under
ideal conditions and relaxed environmental approval procedures a green field wind farm
applying used wind turbines project could be established within 1,5-2 years, but 3-5 years
is a more realistic estimate given the current framework conditions in Ukraine.

Resilience

Wind farms showcase considerable resilience in the face of potential threats, such as
Russian strikes, owing to their dispersed layout. Since the transformer station connect-
ing the wind farm to the high voltage power grid may be camouflaged or protected, by a
concrete ceiling, it would require multiple attacks to take out a wind farm. The upfront
cost of a wind farm applying used wind turbines could be 30-40% lower than with new
turbines, meaning less capital is at stake if the wind farm is attacked.

Generation costs (LCOE), short term and over the lifetime

Measured over their technical lifetime, wind turbines are among the most competitive of
all available energy technologies — and this is also the cases for used wind turbines,
which can be expected to showcase LCOE's equivalent to new turbines. In the short
term, involving the generation over just two winters, used wind turbines are more cost-
efficient than new turbines, owing to their initial investment costs, but still higher than for
example gas turbines or gas engines.
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Parameter evaluation

Parameter evaluation 3.a. Wind onshore | 3.a. Used wind 3.a. Wind on-
parks (>20MW) onshore parks shore cluster
(>20MW) (4,2-20MW)
P1-Electricity production at wintertime 50% 50% 50%
P2—Leye||;ed Cqst of Electrlc.lty (LCOE) 881 629 1010
short lifetime, winter production
P3—L¢ve!|zed Cost of Electricity (LCOE) 2 2 46
over lifetime
P4-Distributed generation >20 MW >20 MW 4,2-20 MW
P5-Regulation requirement in the pro-
ject development process HEmgliy ey ey
P6-Delivery time ar_wd availability of com- In between Quick and easy In between
ponents and materials
P7-Requirements for logistics and : : .
transportation infrastructure Al g g
P8-Technical installation time (after Medium-term Medium-term Medium-
clearance) term
P9—Requyrements for skilled staff in Medium Medium Medium
construction phase
P10-Grid balancing capacity Medium Medium Medium
fP1 1-Requirements for electricity grid in- Moderate Moderate Moderate
rastructure
P12-Requirements for skilled staff for
operation and maintenance and for spe- Medium Medium Medium
cial spare parts
P13-PQSSIbI|Ity for camouflage and Medium potential Medmm poten- I\/Ied|um po-
sheltering tial tential
P14-Risk associated with fuel supply Low risk Low risk Low risk

Table 16: Wind Power - parameters evaluation matrix for onshore (MW scale)

Due to their similarities the quantitative parameter covers large-scale onshore wind farm
(20-100 MW), clusters of onshore wind turbines (5-20 MW) and used wind turbines for a
large-scale onshore wind farm (20-100 MW). Domestic wind turbines are evaluated in a

separate section.

P1: Electricity production at wintertime (W)

The wind map shows that onshore wind turbines typically produce the same during win-
ter and summer time, demonstrating a capacity factor of about 40%. Obviously, the pro-
duction depends on the specific location. The abovementioned capacity factors assume
that the wind turbines are erected in central and southern Ukraine, where the best wind

conditions are found.
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Figure 16: Expected Wind turbine generation (MWh per MW installed capacity) in different regions of
Ukraine during wintertime (which in this context is defined as October-March, 4374 hours in total).

P2: Levelized Cost of Electricity (LCOE) short lifetime, winter production (C)

The levelized cost of electricity generation over two winters (emergency perspective)
amount to about 880 €/MWh for a large wind farm (20-100 MW) and slightly higher,
about 940 €/MWh for wind farm up to 20 MW. This is significantly higher than for gas
engines or gas turbines, which demonstrate costs down to around 300 €/MWh but still
significantly less than for example solar technologies, batteries and certain biomass
technologies.

The winter LCOE of used wind turbines could be about 30% lower than for new turbines
due to lower upfront capital costs.

P3: Levelized Cost of Electricity (LCOE) over lifetime (C)

Large onshore wind farms (20-100 MW) demonstrate low LCOEs of around 40 €/MWh
over the lifetime of the turbines, which is minimum 25 years in absence of unexpected
events. Since scaling effects are moderate, the LCOE of wind turbines in smaller clusters
up to about 20 MW, is only expected to be about 10% higher.

The LCOE of used wind turbines is not expected to differ considerably from the LCOE of
new turbines since the lower upfront capital costs are offset by shorter expected lifetime
and (potentially) higher operation and maintenance costs.
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P4: Distributed generation (R)

Onshore wind turbines are distributed over a relatively large area. Modern onshore wind
turbines have installed capacity of 3 MW to 6 MW, and they are typically sited with a dis-
tance of between 300 to 500 meters depending on the size of the individual turbines.
The fact that the turbines are spread over a large geographic area make them less vul-
nerable to air strikes by artillery, missiles or drones.

P5: Regulation requirement in the project development process (Q)

The development of an onshore wind farm typically involves eight steps:

1.

Prospecting and land securing: This phase involves identifying potential sites for
the wind farm and securing the necessary land rights from landowners. Since
modern wind farms cover a large area with multiple landowners, this can be quite
complicated. The prospecting would also involve analyzes of soil conditions. In
total technical feasibility studies, excluding wind resource assessments, would
take about 6 months to complete.

Wind-resource assessment: This phase involves measuring the wind speed and
direction at the site to determine the potential energy output of the wind farm.
Wind measurement may take about a 1 year to be sufficiently reliable. However,
the Ukrainian Wind Energy Association expect that by February 2024 an elec-
tronic wind atlas will be ready covering on and offshore wind. The atlas is pre-
pared in cooperation with NREL and is based on measurements at heights of
100-120 meters. The atlas could replace the need for physical measurements at
site. Whether digital assessments are sufficient would often depend on the spe-
cific conditions set by the financing parties.

Interconnection and transmission studies: This phase involves evaluating the ca-
pacity and availability of the electrical grid to connect the wind farm to the power
system.

Wind-farm design and permitting: This phase involves designing the layout, size,
and number of wind turbines, as well as obtaining all necessary permits and ap-
provals from regulatory agencies. The Ukrainian Wind Energy Association esti-
mates that for large wind farms the process of obtaining environmental permits
will take about three years. This includes ornithological studies, bat studies, eco-
logical surveys, and geological research. The requirements for environmental im-
pact assessments (EIA) have been slightly relaxed during the state of war. The
ornithological studies, however, have not been changed, and they take a mini-
mum of one year. Other deadlines, such as hearings where interested parties can
submit comments to a specific project, have been shortened, by about half or
one-third.

Power purchase agreements: This phase involves negotiating contracts with utili-
ties or other off-takers to sell the electricity generated by the wind farm.
Financing: This phase involves securing funding from investors or lenders to
cover the costs of developing, constructing, and operating the wind farm.
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7. Procurement: This phase involves purchasing or leasing all necessary equip-
ment, materials, and services for building and operating the wind farm. Delivery
time for new wind turbines is typically one year, in some case up to two years.
This phase involves contracting contracts with local construction companies for
civil works, roads, construction sites and electrical infrastructure

8. Construction and operations: This phase comprises building, testing, commis-
sioning, and operating the wind farm over its lifetime. The wind farm may be con-
structed within a time horizon of 6 months if experienced construction compa-
nies are available.

The process of developing a wind farm is expected to be more or less the same inde-
pendently of the size of the wind farm and whether new or used turbines are applied.

P6: Delivery time / availability of components and materials (Q)

The delivery time for onshore wind turbines depends on the manufacturer, the model,
and the order volume. It can range from six months to two years.

However, it is worth noting that used wind turbines can be supplied on short notice.
Used wind turbines would typically be around 8-10 years old and have a capacity of
about 3-4 MW. There is a mature market for used turbines, and it is deemed realistic that
at least 100 MW of used wind power capacity from Europe may be procured.

Ukrainian stakeholders in the wind industry have expressed concerns about using used
wind turbines for different reasons: potentially more expensive spare parts, reliability of
the turbines, lack of knowledge about how to service the old turbines. Therefore, it is im-
portant that any used turbines sold at the Ukrainian market are supplied with long-term
guarantees or service contracts.

The overall time required for project’s delivery depends on many factors such as size,
complexity, access to grid, regulatory framework procedures etc. A typical renewable en-
ergy project such as an onshore wind farm may take three to five years to realize from
planning to operation.

As a best estimate, developing a green field project in Ukraine would require minimum
two years even if used wind turbines are applied, electronic wind speed measurements
are available, and the project may be exempt from a lengthy environmental impact as-
sessment process. Under less favourable conditions the total process may take up to
five years.

If it is possible to resurrect wind farm projects already in process, but closed down or
mothballed due to the war, this could allow for a speedier project delivery.

The size of the wind farm, whether we are talking of a small-scale cluster of wind tur-
bines up to 20 MW or are large scale farm of up to 100 MW, in itself has limited has lim-
ited impact on the time for project delivery. However, it might be easier to site smaller
projects at locations where environmental and legal approval conditions are more fa-
vourable.

P7: Requirements for logistics and transportation infrastructure (Q)
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The transportation of onshore wind turbines requires special vehicles, equipment, and
routes. The logistics and transportation infrastructure in Ukraine may pose some chal-
lenges for renewable energy development due to poor road conditions in some areas,
damages to ports and cranes, and security risks in war areas. Transportation through
Poland is feasible by road but challenging due to expensive and oversized components.
However, when one gets closer to Central Ukraine, the issue becomes more compli-
cated. There is an example of a company that during the war, managed to transport all
the wind turbines through Poland.

The ports have been heavily damaged, and shipments that used to come through Den-
mark and Germany via the Black Sea have become nearly impossible.

Ensuring access to adequate transport infrastructure may be a critical parameter in the
process of identifying sites for wind farms.

Communication infrastructure (preferably through optical fibres) is required to control
the wind turbines from the distance.

P8: Technical installation time (min time after clearance) (Q)

Less than one year. If experienced construction companies are present, a large-scale
wind farm (20-100 MW) may be constructed within a time horizon of 6 months.

P9: Requirements for skilled staff in construction phase (Q)

The construction of renewable energy projects such as onshore wind farms requires
skilled staff in various fields, such as engineering, project management, procurement, in-
stallation, commissioning, quality control, health and safety, and environmental protec-
tion. Based on the previous experience with erecting about 1.17 GW of wind capacity it is
expected that skilled staff is available. Three wind farms have been constructed in
Ukraine during the war.

Before the war, steel for the towers could be produced in Mariupol but this is obviously
no longer an option, and therefore these components have to sources from elsewhere,
for example Turkey, Poland, or other countries.

P10: Grid balancing capacity (R)

The integration of renewable energy sources such as onshore wind power into the elec-
tricity grid requires adequate transmission and distribution lines, substations, balancing
and ancillary services, and smart grid technologies. The electricity grid infrastructure in
Ukraine has been facing attacks on its electricity infrastructure by missiles and drones
from Russia during the war. According to Ukrenergo, wind turbines are comparatively
easy to integrate in the electricity grid because turbines are scattered across Ukraine
and typically produce for several days in a row.

Wind turbines may contribute to the security of supply at regional level during situations
with widespread power outages when critical transmission infrastructure and/or power
plants are down. During December 2022, when there was a blackout, part of the Odesa
region had electricity thanks to the work of three wind power stations.

In some regions there is electricity surplus, i.e. despite the war, there is more electrical
capacity than required. Therefore, the state of the electricity grid should be factored in,
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as a criterion in the localization of new wind farms.
P11: Requirements for electricity grid infrastructure (R)

The electricity grid is considered robust enough to accommodate the integration of on-
shore wind power, and there are ample wind sites located at a reasonable distance from
the grid. This ensures that wind projects should not encounter excessive challenges in
connecting to the grid.

P12: Requirements for skilled staff for operation and maintenance and for special spare
parts (R)

The operation and maintenance of renewable energy projects such as onshore wind
farms require skilled staff in various fields such as monitoring, troubleshooting, repair,
inspection testing cleaning optimization etc. The availability of skilled staff in Ukraine
may be limited by factors such as lack of training programs or migration of qualified
workers. Based on the previous experience with erecting about 1.7 GW of wind capacity
it is expected that skilled staff is available. Ukrainian Wind Energy Association hosts two
service companies, Firewind and Enerproof.

P13: Possibility for camouflage and sheltering (R)

It is not possible to camouflage or shelter individual onshore wind turbines due to their
size, but it is possible to protect critical components such as transformer stations with
fences and/or by establishing them underground in bunkers or by protecting them with
concrete roofs.

The map below shows the potential ranges of Russia artillery and close-range ballistic
missiles (CRBM). It appears that a large part of Ukraine, with exception of the central and
southeastern part, is within the range of CRBMs and even in these areas, energy infra-
structure could potentially be struck by drones or longer-range missiles. The map also
shows that the regions in central Ukraine, which are at least risk of being hit by Russian
artillery or missiles, demonstrate a high electricity generation potential during winter-
time.

The risk associated with operation almost entirely relate to the risk of Russian attacks on
the facilities. Due to the dispersed nature of the energy assets these risks are deemed to
be fairly low, also considering that until now only about 10 wind turbines have suffered
damage from the war. Transformer stations demonstrate good opportunities for protec-
tion through sheltering and camouflage.
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Figure 17: Expected wind turbine generation (MWh per MW installed capacity) in different regions of
Ukraine during wintertime (which in this context is defined as October-March, 4374 hours in total)
along with an indication of the range of Russian artillery and close-range ballistic missiles.

P14: Risk associated with fuel supply (R)

Not a relevant risk for wind turbines.

Ad(ditional technology-specific insights from the interviews

Foreign investors such as IBRD (The International Bank for Reconstruction and Develop-
ment (IBRD), IFC (International Finance Cooperation) have stated that they are willing to
invest during the war, but with one condition. They will invest and provide loans exclu-
sively to foreign companies because it is easier to insure any risks with foreign compa-
nies. Moreover, they expect support from the Ukrainian government in creating a so-
called Master Plan or General Plan and in developing the projects, along with an Insur-
ance Fund that would cover military risks.

Foreign renewable energy developers point out that it could ensure a fast development if
the state could expropriate land and grant a building permit for the wind turbine parks.

The Ukrainian Wind Energy Association asserts that the policy of the National Commis-
sion for State Regulation of Energy and Public Utilities (NCSREPU), especially regarding
responsibility for imbalances, is seriously hindering the development of not only the wind
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sector but also solar energy.
1.1.15 Domestic wind turbines

Brief technology description

Domestic wind turbines have installed capacity of 1-100 kW, with a rotor swept area
smaller than or equal to 200 m2, generating electricity at a voltage below 1 000 V AC or 1
500V DC

Domestic wind turbines are commonly cited close to buildings in residential areas. By
Ukrainian law it is allowed to install domestic wind turbines with a capacity of up to 50 kW
in private households. For the proper placement of domestic wind turbines, it is important
to maintain a suitable distance, approximately 20 meters from the nearest building. Small
wind turbines can produce noticeable noise owing to their rapid rotations and high oper-
ating speed.

The capacity factor of small wind turbines varies a lot depending on the local conditions.
The wind turbines are often located close to buildings and trees, which will reduce the
annual production from the wind turbines because of turbulence from buildings and
trees. The specific output power will, as for the larger turbines, have an impact on the ca-
pacity factor and so have the relative low hub height. Domestic wind turbines can use
generated electricity for in-house consumption, in addition to exporting power to the util-
ity grid.

Figure 18 ANTARIS 2.5 kW domestic wind turbines
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Criteria evaluation

Criteria evaluation 3.c. Wind domestic
turbines (<100kW)
Capacity in wintertime WW
Implementation speed QQQ
Technology resilience RRR
Levelized cost of electricity C
General score (1-3) 2.3

Table 17: Domestic Wind Power - criteria evaluation matrix

Winter impact (production at wintertime)

Domestic wind turbines will be able to provide electricity to individual households and
the power system during wintertime. The production depends on the weather patterns,
according to analyzed data for Ukraine 51% of the full load hours occurred during the
cold period (see Figure 17 Figure 17: Expected wind turbine generation (MWh per MW
installed capacity) in different regions of Ukraine during wintertime (which in this context
is defined as October-March, 4374 hours in total) along with an indication of the range of
Russian artillery and close-range ballistic missiles. Indicating that the wind turbines
maintain a relatively steady level of electricity generation all year around.

Implementing speed

The overall process is estimated to take approximately four to five months from the ini-
tial planning stages to the commissioning of the domestic wind turbine in Ukraine.

Planning and building a domestic wind turbine in Ukraine involve a relatively shorter and
less complex regulatory process compared to larger onshore turbines. Delivery of com-
ponents is expected to be the most time-consuming activity and is estimated to take ap-
proximately three months.

Once on-site, the technical installation time takes about 1-2 months, involving heavy ma-
chinery like excavators and cranes. After laying foundations, a waiting period of 2-6
weeks is necessary for the concrete base to cure. The actual installation process, includ-
ing assembling the tower, generator, blade, and control panel, takes up to two days.
Skilled staff from a specialized company are required for the installation and commis-
sioning phases.

Resilience

A domestic wind turbine might be considered less likely to be a target for potential
threats, such as Russian strikes, given its smaller size. Similar to rooftop PVs, these tur-
bines offer advantages in terms of location and distribution. Placed near the demand
points, they reduce reliance on the transmission grid, thus lowering the risks associated
with potential power capacity loss. Furthermore, localized power generation at the user's
site reduces the need for extensive electricity transmission, contributing to enhanced en-
ergy security.

Generation costs (LCOE), short term and over the lifetime
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Over two winters, from an emergency perspective, the LCOE for a domestic wind turbine
amounts to approximately 2600 €/MWh, notably higher than larger onshore wind tur-
bines but comparable to residential rooftop PVs. Looking at the lifetime perspective (20
years), LCOE of around 170 €/MWh of domestic wind turbines, is considered medium
heigh compared to the alternatives investigated in this technology catalogue.

Parameter evaluation

In summary, domestic wind turbines in Ukraine offer steady electricity generation, with
advantages in distribution, regulatory processes. Their smaller size may also enhance
resilience to potential threats. The LCOE over two winters is around 2600 €/MWh, which
is more than double the cost pr MWh as larger onshore wind turbines but comparable to
residential rooftop PVs. Over the lifetime, domestic wind turbines demonstrate a LCOE
of around 170 €/MWh.
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Parameter evaluation

3.c. Wind domestic turbines (<100kW)

P1-Electricity production at wintertime 50%
P2-Levelized Cost of Electricity (LCOE) short life-

) . : 2637
time, winter production

P3-Levelized Cost of Electricity (LCOE) over life- 167
time

P4-Distributed generation 0,1 MW

P5-Regulation requirement in the project devel-
opment process

Quick and easy

P6-Delivery time and availability of components
and materials

Quick and easy

P7-Requirements for logistics and transportation
infrastructure

Low

P8-Technical installation time (after clearance)

Quick and easy

P9-Requirements for skilled staff in construction

Medium
phase
P10-Grid balancing capacity Medium
P11-Requirements for electricity grid infrastruc-
ture Easy
P12-Requirements for skilled staff for operation Low

and maintenance and for special spare parts

P13-Possibility for camouflage and sheltering

High potential

P14-Risk associated with fuel supply

Low risk

Table 18: Wind Power - parameters evaluation matrix for onshore (kW scale)

P1: Electricity production at wintertime (W)

According to analyzed data for Ukraine 51% of the full load hours occurred during the
cold period (see Figure 16). Indicating that the wind turbines maintain a relatively steady
level of electricity generation, regardless of the season.

P2: Levelized Cost of Electricity (LCOE) short lifetime, winter production (C)

The levelized cost of electricity generation over two winters (emergency perspective)
amount to about 2600 €/MWh for a domestic wind turbine. This is significantly higher
than for larger onshore wind turbines. The cost is approx. at the same level as residential

rooftop PVs.

P3: Levelized Cost of Electricity (LCOE) over lifetime (C)

Domestic wind turbines demonstrate medium LCOEs of around 170 €/MWh over the
lifetime of the turbines, which is minimum 20 years in absence of unexpected events.

P4: Distributed generation (R)

Domestic wind turbines have similar benefits, regarding location and distribution, as
rooftop PVs. The installations, located near demand, offer the advantage of reducing de-
pendence on the transmission grid, thereby mitigating the risks associated with potential
power production capacity loss. Moreover, local power generation at the end-user's site
diminishes the necessity for extensive electricity transmission, consequently bolstering

energy security.
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P5: Regulation requirement in the project development process (Q)

It is worth noting that the regulatory process for domestic wind turbines is often shorter
and less complex than that of larger onshore wind turbines. In Ukraine it is also easier to
get permission to set up used domestic wind turbines, as they do not have to undergo
the same lengthy project development process as larger wind turbines.

P6: Delivery time / availability of components and materials (Q)

The delivery time for a domestic wind turbine in Ukraine is estimated to be approx. three
months. Before the war, steel for the towers could be produced in Mariupol but this is no
longer an option, and therefore these components have to sources from elsewhere, for
example Turkey, Poland, or other countries.

P7: Requirements for logistics and transportation infrastructure (Q)

It is important that there is good access to the installation site for a truck, i.e., a wide
road with sufficient load bearing capacity.

P8: Technical installation time (min time after clearance) (Q)

The technical installation time for a domestic wind turbine is approx. 1-2 months. The
installation process for a wind turbine system may require the use of heavy machinery
such as an excavator and crane, depending on the size and type of the turbine. Addition-
ally, it is typically necessary to wait for at 2-6 weeks after the laying of foundations to al-
low the concrete base to cure. After the base is cured the windmill is erected. The tower,
generator, blade, and control panel are delivered and assembled, and the mill is commis-
sioned. The installation work can take up to two days.

P9: Requirements for skilled staff in construction phase (Q)

To install a domestic wind turbine a specialized company is required to perform the in-
stallation and commissioning.

P10: Grid balancing capacity (/demands) (R)

Domestic wind turbines can, in the same way as larger wind turbines, be used for down-
regulation, where wind turbines are switched off when there is a surplus of electricity in
the electricity grid and a need for downward regulation. If weather conditions permit en-
ergy production, wind turbines from a downregulated state can be relatively easily
brought back to an upregulated state.

Wind turbines may also contribute to the security of supply during situations with wide-
spread power outages when critical transmission infrastructure and/or power plants are
down.

P11: Requirements for electricity grid infrastructure (R)

The electricity grid is considered robust enough to accommodate the integration of the
amount of energy supplied by domestic wind turbines.

P12: Requirements for skilled staff for operation and maintenance and for special spare
parts (R)

Regular servicing, repair, and maintenance of all wind turbines are essential to prevent

75



any potential hazards to the safety and well-being of both humans and animals. Wind
turbine servicing must be conducted by an authorized or certified service provider.

P13: Possibility for camouflage and sheltering (R)

It is not possible to camouflage or shelter individual onshore wind turbines due to their
size, but it is possible to protect critical components such as transformer stations with
fences and/or by establishing them underground in bunkers or by protecting them with
concrete roofs. A domestic wind turbine might be considered less likely to be a target for
potential threats, such as Russian strikes, given its smaller size.

P14: Risk associated with fuel supply (R)
Not a relevant risk for wind turbines.

76



Capacity
in wintertime

Implementation
speed

1
¥
£
£

General Score:

Technology
resilience

Levelized cost
of electricity

-
QO
_—




BATTERIES

1.1.16 Brief technology description

With increasing shares of renewable energy in power systems, the role of electricity stor-
age grows in importance. Among all technologies, electrochemical storage (batteries)
has experienced notable cost declines in the past years. This is especially true for certain
battery types; this catalogue considers the Li-lon type, which is in operation in many dif-
ferent grid applications around the world. The potential applications of batteries in elec-
tricity systems are very broad, ranging from supporting weak distribution grids, to the
provision of bulk energy services or off-grid solutions.

To understand the services batteries can provide to the grid, Rocky Mountain Institute
performed a meta-study [2] of existing estimates of grid and customer values by review-
ing six sources from across academia and industry. The study’s results illustrated that
energy storage can provide a suite of thirteen general services to the electricity system
(see Figure 19 ). These services and the value they create generally flow to one of three
stakeholder groups: customers, utilities, or independent system operators/regional
transmission organizations (ISO/RTQOs).

78



I
I
I
I
I
| Energy
I
I
I
|

Backup Power Arbitrage /
. / spin/
[2) \ / Mon-Spin
& Increased \ Reserve
L PV Self- B A
d} Consumption - @]
& . -
[2) Frequency '8\
~ Requlation
& - S
< y u
o - m
= rs)
[75] [éehlgfgng Service not é‘__
8 Reduction possible Voltage ?ﬁ
Support w
Service not
possible
Time-of-Use Black
Bill Start
Management CENTRAL'ZED
-
-~ Do
-~
P ~
- ~
~
g ~ TRANSMISSION
-~
~
Distribution Resource DISTRIBUTION
Deferral P Adequacy
// \\ BEHIND THE METER
/s A
Transmission | Transmisslon
Deferral : Congestion Rellef
|
DISTRIBUTED

UTILITy SERVICES

Figure 19: Services batteries can provide to different stakeholder groups [2]

This technology description focuses on batteries for provision of bulk energy services
(e.g., grid-scale batteries) and customer energy management services (e.g., community
batteries), i.e., time-shift over several hours (arbitrage)— for example moving PV genera-
tion from day to night hours —, the delivery of peak power capacity, demand-side man-
agement, power reliability and quality.

Lithium-ion batteries (LIB) have however completely dominated the market for grid scale
energy storage solutions in the last years and appear to be the dominating battery solu-
tion. For this reason, this chapter focuses on LIB. A typical LIB installed nowadays has a
graphitic anode, a lithium metal oxide cathode and an electrolyte that can be either liquid
or in (semi-)solid-state. LIB commonly come in packs of cylindrical cells and can reach
energy densities of up to 300 Wh/kg. The battery required an area around 5 m2/MWh.
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1.1.17 Grid-scale batteries

Brief technology description

A schematic overview of a battery system and its grid connection can be seen in Figure
20. A Thermal Management System (TMS) controls the temperature in the battery packs
to prevent overheating and thermal runaway. The Energy Management System regulates
the energy exchange with the grid. Power electronics (inverters) convert DC into AC be-
fore power is injected into the grid. In some cases (high-voltage grids), a transformer
might be required to feed electricity into the grid.
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Figure 20: Schematic illustration of a grid-scale battery storage system

Charging and discharging rates of LIB are often measured with the C-rate, which is the
maximum capacity the battery can deliver relative to its energy volume. For example, if a
battery is discharged in 20 minutes, 1 hour and 2 hours then it has C-rates of 3C, C and
C/2 respectively. Operations at higher C-rates than specified in the battery pack are pos-
sible but would lead to a faster degradation of the cell materials [3]. LIB do not suffer
from the memory effect issue (the effect of batteries gradually losing their maximum en-
ergy capacity if they are repeatedly recharged after being only partially discharged) and
can be used for variable depths of discharge at short cycles without losing capacity [4].
The relationship between battery volume (in MWh) and loading/unloading capacity (in
MW) can be customized based on the system needs and to obtain a better business
case.

The lifetime of battery energy technologies is better measured by the total number of cy-
cles undergone over the lifetime. Nowadays, a Li-lon battery typically endures around
10,000 full charge/discharge cycles.

1.1.18 Community batteries

Brief technology description

Battery energy storage systems can have manifold applications and thus can be in-
stalled at different scales and voltage levels (see Figure 19). BESS architecture is ulti-
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mately shared across use types, with minor differences depending on the single applica-
tions. In off-grid and micro-grid (e.g., community batteries) contexts, grid connection
costs are reduced totally or partially.

Industry and households can install batteries behind the meter to reshape the own load
curve and to integrate distributed generation such as rooftop or industrial PV. The major
benefits are related to retail tariff savings, peak tariff reduction, reliability, and quality of
supply [5]. Batteries can boost the self-consumption of electricity and back up the local
grid by avoiding overload and by deferring new investments and reinforcements. In case
of bi-directional flows to/from the grid (prosumers), BESS can increase the power quality
of distributed generation and contribute to voltage stability. In developed market set-
tings, these functions might not only reflect requirements enforced by the regulation, but
also materialize in remunerated system services.
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BIOGAS PLANT

The biogas plant is only included as a technology which produce fuel to the gas engine,
fueled by biogas, solely supplyed by a greenfield project biogas plant. In this secition only
a brief technology decribtion of the biogas plant is included. The evaluation of the biogas
power produced by the gas engine is made in the section.

Brief technology description

Biogas produced by anaerobic digestion is a mixture of several gases (syngas). The
most important part of the biogas is methane. Biogas has a caloric value between 23.3
- 35.9 MJ/m3, depending on the methane content. The percentage of volume of me-
thane in biogas varies between 50 to 72% depending on the type of substrate and its di-
gestible substances, such as carbohydrates, fats and proteins. If the material consists of
mainly carbohydrates, the methane production is low. However, if the fat content is high,
the methane production is likewise high. For the operation of power generation or CHP
units with biogas, a minimum concentration of methane of 40 to 45% is needed. The
second main component of biogas is carbon dioxide. Its share in biogas reaches be-
tween 25 and 50% of volume. Other gases present in biogas are hydrogen sulphide, ni-
trogen, hydrogen, steam, and carbon monoxide [6], [7]

Anaerobic digestion (AD) is a complex microbiological process in the absence of oxygen
used to convert the organic matter of a substrate into biogas. The population of bacteria
which can produce methane cannot survive with the presence of oxygen. The microbio-
logical process of AD is very sensitive to changes in environmental conditions, like tem-
perature, acidity, level of nutrients, etc. The temperature range that would give better
cost-efficiency for operation of biogas power plants are around 35 — 38°C (mesophilic)
or 55 = 58°C (thermophilic). Mesophilic gives hydraulic retention time (HRT) between 25
- 35 days and thermophilic 15 — 25 days [6]

Examples of expected feedstocks of biogas production in Ukraine are manure, Jatropha,
Castor, Croton, and related seeds. Biogas production units could also be used for treat-
ment of municipal solid waste. Some of the biomass potential can be converted to bio-
gas.

Biogas from a biodigester is transported to the gas cleaning system to remove sulphur
and moisture before entering the gas engine to produce electricity. The excess heat from
power generation with internal combustion engines can be used for space heating, water
heating, process steam covering industrial steam loads, product drying, or for nearly any
other thermal energy need. The efficiency of a biogas power plant is about 35% if it is
just used for electricity production. The efficiency can go up to 80% if the plant is oper-
ated as combined heat and power (CHP).
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COAL POWER PLANTS, LIFETIME EXTENSION (RE-
PLACEMENT OF PLANT'S EQUIPMENT)

Brief technology description

When a coal power plant has been in operation for long time (e.g., 25 years or more), the
reliability of its components and systems will likely decrease leading to reduced availabil-
ity and/or increased O&M costs. Therefore, based on experience, it will usually be neces-
sary and beneficial to carry out a larger package of work that addresses repairs, renova-
tion, and replacement of selected components and systems depending on their actual
condition. Often also, improvement of environmental performance may be required, e.g.,
by improving the flue gas cleaning performance. This ‘Life Time Extension’ (LTE) is done
with the purpose of restoring the plant to come close to its original conditions in terms
of availability, efficiency and O&M costs. The exact scope and extent of such a cam-
paign though, shall be tailored to the actual plant in question and will depend on its de-
sign, previous records of operation, earlier major works carried out, etc. Also, the ex-
pected/desired future operation of the plant is considered. Whether or not to extend the
life of a power plant is therefore not a simple decision but involves complex economic
and technical factors [9]

It may be convenient to carry out all necessary works in one campaign, to reduce the
overall down time. For this case it is assumed that all work is done in one campaign. It is
expected that the original plant complies with the environmental legislation at the time
of the LTE. The costs of bringing it up to date prior to the LTE are therefore not consid-
ered. The LTE described here does not take specific measures to increase the efficiency,
emissions level standards, or regulation abilities of the plant.
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Figure 22: Sketch of the main elements of a large coal fired CHP plant

In connection with the LTE the plant will be out of operation for a period, typically 6-9
months. However, depending widely on the actual scope, the distribution of works and
costs involved with a LTE of and existing coal fired plant could typically be as follows [9]:

Revision of electrical systems

Instrumentation and control systems replacement

Pulverizers upgrade or replacement (fuel supply and disposal)

Boiler upgrade

Turbine refurbishment (possibly generator refurbishment)

Water systems (heat exchanges for condensers and district heating)
Buildings

Flue gas cleaning

The basis for deciding which works to include in the LTE is an understanding of the
plant’s condition, which can be obtained using diagnostic systems and making a detailed
remaining life assessment [10]
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BIOMASS COGENERATION TECHNOLOGIES

Brief technology description

This chapter focuses on solid biomass for combustion destinated to combined heat and
power generation (CHP). Wood chips, wood pellets and straw/stalks are considered for
the biomass plants. Other types of biomasses e.g. other forest industry residues; saw-
dust and nut shells may be relevant as energy source, while different fuels set different
technical requirements for the plant, these differences will not be addressed.

Figure 23: Main systems of a CHP facility, example waste to energy CHP facility[Technology Data -
Energy Plants for Electricity and District heating generation, 2016, Danish Energy Agency]

The main systems are presented in Figure 2323. The main systems of a biomass fired
CHP plant are: - Fuel reception and storage area, - Furnace or firing system including fuel
feeding - Steam boiler - Steam turbine and generator, - Flue gas treatment (FGT) system
potentially including an SCR-system for NOx reduction - Systems for handling of com-
bustion and flue gas treatment residues - Optional flue gas condensation system - Op-
tional combustion air humidification system.

Energy conversion in CHP of biomass is the combustion. The electricity production re-
quires operating temperatures higher than if only producing heat. CHP production from
biomass has been used in an increasing scale for many years utilizing different technolo-
gies e.g. in Denmark. The typical implementation is combustion in a biomass boiler feed-
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ing a steam turbine. The energy output from the boiler is (high pressure) steam to be ex-
panded through a turbine. The turbine is either a backpressure — or an extraction turbine.
In the backpressure turbine, the expansion ends in the district heat condensers, in the ex-
traction unit the expansion is extended to the lowest possible pressure, which is pro-
vided by a water-cooled condenser. The extraction unit can run both in backpressure and
condensing mode as well as every combination in between.

Application of flue gas condensation for further energy recovery is customary at bio-
mass fired boilers using feedstock with high moisture content, e.g., wood chip, except at
small plants below 1 - 2 MWth input due to the additional costs. Plants without flue gas
condensation are typically designed for biomass fuels with less than 30% moisture con-
tent. The flue gas condensation may raise the heating efficiency with 5-10%.

1.1.19 Organic Rankine cycle plants

Brief technology description

An alternative type of CHP plant is the organic Rankine cycle plants (ORC plants). In this
the (biomass-) boiler is used for heating (no evaporation) thermal oil. This heated oil
transfers the heat to an ORC plant which is similar to a steam cycle, but it uses a refrig-
erant instead of water as working media.

The reason for an interest in ORC plants is that such equipment is delivered in standard-
ized complete modules at an attractive price and in combination with ‘a boiler’ that only
is used for heating oil, the investment is relatively modest. The ORC technology is a
waste heat recovery technology developed for low temperature and low-pressure power
generation. The ORC unit is a factory assembled module — this makes them less flexible
but cheap. This may make it financially attractive to build small scale CHP facilities. The
‘Rankine’ part indicates that it is a technology with similarities to water-steam (Rankine)
based systems.

The main difference being the use of a media i.e., a refrigerant or silicone oil (an organic
compound that can burn but does not explode) with thermodynamic properties that
makes it more adequate than water for low temperature power generation.

Common technology description for biomass and WtE is found in chapter “Introduction
to Waste and Biomass Plants”. Also, flue gas condensation, combustion air humidifica-
tion, fuels and an improved energy model for technology data are described there.
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RUN-OF-RIVER HYDROPOWER

Brief technology description

In a hydropower plant, the potential energy is converted into rotational kinetic energy,
which spins the blades of a turbine connected to a generator. Figure 2324 shows a run
of river hydropower plant.

Figure 24:Run-of-river hydropower plants

The capacity factor achieved by hydropower projects needs to be looked at somewhat
differently than for other renewable projects. It depends on the availability of water and
the purpose of the plants whether for meeting peak and/or base demand. The average
capacity factor of hydropower plants settled at 48% in 2010-2019 (world figures), with a
significant standard deviation across geography.
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APPENDIX A: METHODOLOGY

Description of the new 14 parameters and how they are evaluated

The following subsections will delve into the underlying reasons for addressing each pa-
rameter in this technology catalogue and how they influence the implementation of
power generation projects in the current Ukrainian context. Following this, we will ex-
plore the three-level assessment scale specific to each of these parameters.

1.1.20 P1: Electricity production at wintertime

This technology catalogue is to high extend concerned about the ability to generate elec-
tricity during wintertime. Ukraine has higher electricity demand, and it is needed for more
critical functions in winter compared to summer and thus it is more challenging to cover
demand during wintertime and to some extent more important that it is covered.

Technologies that do not contribute much to electricity generation at wintertime (e.g.,
solar power) will require the system to have an alternative generation capacity to cover
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the missing capacity. Technologies that have reduced generation during wintertime ei-
ther due to fuel shortage or due to being intermittent in nature with less natural re-
sources in winter (e.g., solar power) will add a burden of increasing firm capacity of the
power system to ensure security of supply at wintertime.

This qualitative parameter will be assessed on three-level scale, assessing the potential
of each technology for generating electricity at wintertime as having:

e (Good: High potential, the ability to deliver more than 75 % of the annual capacity
factor during winter times; preferred

e Medium: Moderate potential, the ability to deliver more than 40% and less than
75 % of the annual capacity factor during winter times.

e Bad: low potential: the ability to produce less than 40% of the annual capacity
factor during winter times.

Electricity production at wintertime, will not be done for the actual winter period — De-
cember to February, but will be done for the colder periods of the year, which is consid-
ered to be between October and March.

1.1.21 P2: Levelized Cost of Electricity (LCOE) short time and win-
ter production and P3: LCOE over the technical lifetime and total
production

LCOE is used for assessing the value of the technology to be able to evaluate the cost
efficiency of installing the technology.

Two different LCOEs are calculated for each sub-technology. Because of the current sit-
uation in UA it is valuable to know the cost efficiency both in the critical situation, where
it is the production at winter time that is crucial and the technology is set up knowing
that it will maybe only be operating for app. two years and there is a possibility that the
technology will be in operation its full lifetime, therefore it interesting to analyze the
LCOE in that context.

Levelized Cost of Electricity (LCOE) is used for assessing and comparing unit cost
(€/kWh) of generating electricity using different technologies. The calculation of the
LCOE is based on the equivalence of the present value of the sum of discounted reve-
nues and the present value of the sum of discounted costs. LCOE considers all costs as-
sociated with building, operating, and maintaining a power generation plant over its ex-
pected lifetime or another defined period.

The LCOE is typically €/MWh. The LCOE -as a qualitative parameter- will assess the tech-
nologies on three-level scale, the thresholds will be defined according to the distribution
of the plants included, and will off course differ between the short time winter production
LCOE and the lifetime LCOE:

e Good: Technologies with low LCOE, more than 20 % lower than average; preferred

e Medium: Technologies with medium LCOE less than or 20 % lower and more than
or 20 % higher than average

e Bad: Technologies with high LCOE more than 20 % higher than average;
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A CO2 cost of 80 €/ton is considered in the LCOE calculations corresponding to the cur-
rent (Oct. 2023) price of CO2-allowances in the EU ETS.

1.1.22 P4: Distributed generation

Under the current situation in Ukraine, technologies that can be built in a distributed
scale are more favored for a couple of reasons. Distributed generation plants offer op-
tions located near demand centers, reducing reliance on the transmission grid and miti-
gating the risks of losing significant power production capacity. As a significant number
of large power plants, substations and grid have been targeted with air strikes, leading
power loss for many consumers.

Distributed generation refers to producing electricity at or near the point of use, often us-
ing smaller, decentralized sources like gas engines, solar PV panels or wind turbines.

This qualitative parameter will be assessed on three-level scale, assessing the typical
size and suitability of each technology to be used as distributed generator as technolo-
gies with typical capacities:

e Good: Technologies with capacities below 5 MW. For the scope of this technol-
ogy catalogue, technologies with typical capacities below 5 MW are preferred.

e Medium: Technologies with capacities between 5-20 MW

e Bad: Technologies with capacities between 20-60 MW

1.1.23 P5: Regulation requirement in the project development pro-

cess
Acquiring permits, conducting comprehensive environmental studies, and performing
various assessments such as soil analysis, solar radiation evaluation, and wind condition
examinations, followed by meticulous project planning and securing financial agree-
ments, collectively entail substantial time investments. These sequential tasks signifi-
cantly influence the overall timeline from project conception to initiation. Hence, it is es-
sential to develop a comprehensive timeline that outlines the anticipated duration re-
quired for these processes, specifically tailored to the distinct technologies being em-
ployed.

This qualitative parameter is assessed on three-level scale, assessing the speed and the
simplicity of the process under:

e (Good: quick and easy process, less than three month; preferred
e Medium:in between process, between three month and 9 months
e Bad: lengthy and complicated process, more than 9 months.

1.1.24 P6: Delivery time / availability of components and materials

The delivery time and availability of power plant components are crucial for a fast instal-
lation. It is crucial to account for the availability of required materials (e.g. steel and ce-
ment) when considering the timeframe on constructing power generation plants.
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During wartime, logistics for military operations may further delay component delivery,
and essential materials like steel and cement might be scarce.

The production time for the component or the whole plant of the technology of course
impacts the delivery time, if a storage of already produced components or plants exist
(which e.g. is the case for PV moduls) or it is possible to by second hand plants the deliv-
ery time can be considerable reduced. Same will be the case if it found realistic that it
possible to get components e.g. transformers and inverters produced for another pro-
pose also pose a possible to reduce the delivery time.

This qualitative parameter is assessed on three-level scale, assessing the delivery time
and the availability of required components and material. For this scope of technology
catalogue, technologies with less delivery time are favored.

e Good: delivered within less than 13 weeks (for operation winter 2023/2024); pre-
ferred

e Medium: delivered within more than 13 and less than 65 weeks (for operation
winter 2024/2025)

e Bad: delivered within 65 weeks or more for operation in more than two years.

1.1.25 P7: Requirements for logistics and transportation infrastruc-

ture

War conditions affects the transportation infrastructure to a high extend, therefore tech-
nologies with less requirements for transportation infrastructure are highly valuable.

For transporting construction materials and project components, a domestic transporta-
tion infrastructure is needed, which may involve roads, railways, ships, etc. This infra-
structure is essential for moving both imported and domestically sourced materials and
components to power project sites.

This qualitative parameter is assessed on three-level scale, assessing the dependency
on transportation infrastructure as:

e Good: low level of demands: the size and the weight of the modules / compo-
nents of the technology make it possible to transport on a normal size lorry; pre-
ferred

e Medium: medium level of demands. the size and the weight of the modules /
components of the technology have a size and a weight that make it necessary
to transport some of the components as special transport,

e Bad: high level of demands. the size and the weight of the modules / compo-
nents of the technology have a size and a weight that make it necessary to
transport some of the components as special transport and or there is a need re-
inforcement of the roads or construction of new roads

1.1.26 P8: Technical installation time
The technical installation time is crucial because power capacity must be rapidly deliv-
ered to meet high winter demand.
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The technical installation time includes the process of preparation of the building site,
and all processes until the technology is commissioned.

This qualitative parameter is assessed on three-level scale, assessing the timeframe for
the installation of the technology:

e Good: Installation can happen on short-term which is less than 3 months; pre-

ferred
e Medium: Installation can happen on medium-term which is between 3 months 9
months
e Bad: Installation can happen on long-term which is more than 9 months Long-
term
1.1.27 P9: Requirements for skilled staff in the construction and in-

stallation phase
The successful execution of energy projects relies on the availability of staff with the
necessary skills and expertise.

Environmental scientists, ecologists, meteorologists, electrical engineers, mechanical
engineers, civil and structural engineers, project managers, and safety professionals
could all be vital for renewable energy projects. They assess environmental impacts, de-
sign electrical and mechanical systems, ensure structural integrity, manage projects, and
prioritize safety.

This qualitative parameter is assessed on three-level scale, assessing the requirements
for skilled staff in the construction phase as:

e Good: Require lower skilled staff in the construction phase (low); preferred
e Medium: Require medium skilled staff in the construction phase
e Bad: Require highly skilled staff (high)

1.1.28 P10: Grid balancing capacity

Effective grid balancing is critical here due to the potential for that the existing grids is
week and for sudden system disruptions caused by attacks on transmission lines and
power plants.

Grid balancing capacity refers to the ability of a power system to adjust and stabilize
electricity frequency and supply and demand balance to maintain a reliable and stable
grid operation, it could be identified by parameters as primary and secondary regulation
of full load, Minimum load of full load, Warm and could start-up time, and black start up.
It often involves demands for resources that can quickly respond to fluctuations in sup-
ply and demand, such as energy storage or flexible power generation sources.

The qualitative parameter is addressed on a three-level scale, assessing the technolo-
gies abilities to balance the grid.

e Good: high ability to balance the system, e.g. gas power and pumped hydro, bat-
teries; preferred

97



e Medium: medium ability to balance the system e.g. thermal power not gas power
and wind turbines
e Bad: low ability to balance the system e.g. PV

1.1.29 P11: Requirements for electricity grid infrastructure

We assess this qualitative parameter on a three-level scale, which evaluates the technol-
ogy's requirements for connecting to the electricity grid infrastructure.

e Good: Easy to connect, preferred
e Medium: Moderate
e Bad: Challenging

1.1.30 P12: Requirements for skilled staff for operation and mainte-

nance and special spare parts
In times of war, finding qualified personnel and specialized spare parts to operate and
maintain energy production units can be challenging. Furthermore, it is a question of the
possibility for relying on foreign workforce.

Specialized technicians and spare parts can be crucial for the ongoing maintenance of
some energy systems. They conduct inspections, perform repairs, and ensure system
reliability. The more specialized requirements for the O&M the higher risk for forced out-
age and longer periods of no production.

This qualitative parameter is assessed on three-level scale, assessing the requirements
for skilled staff for operation and maintenance as:

e Good: do not require lower skilled staff during operation and maintenance and of
specialized spare parts (low); preferred

e Medium: Require medium to highly skilled staff during operation and mainte-
nance and of specialized spare parts, but the skilled staff and spare parts can be
found in UA

e Bad: Require highly skilled staff (high) during operation and maintenance and of
specialized spare parts, And the skilled staff and spare parts cannot be found in
UA

1.1.31 P13: Possibility for camouflage and sheltering

The potential of distributed renewable energy technologies for camouflage and shelter-
ing during wartime is a concept that holds significant importance in contemporary mili-
tary strategies since traditional energy infrastructure often consists of easily identifiable
targets, vulnerable to disruption by hostile forces.

Building distributed energy generation units underground during wartime can be a strate-
gic and innovative approach to ensuring energy security and resilience in the face of war.
Underground installations offer several advantages, including enhanced protection from
enemy attacks and the preservation of critical infrastructure. Underground facilities are
inherently more secure and less vulnerable to enemy attacks, including aerial bombings
or sabotage. This camouflage can be crucial in preventing the targeting of vital energy
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infrastructure, and hence ensures the continuity of energy supply for civil and military op-
erations, even amid war.

Distributing energy generation units across multiple underground sites can establish re-
dundancy and reduce the risk of a single point of failure, increasing energy security. Un-
derground installations can house a variety of renewable and conventional energy
sources, including generators and battery storage, providing a diverse energy supply to
meet different operational needs. Underground energy units can be remotely monitored
and controlled, reducing the need for personnel to be physically present, which enhances
safety during wartime.

While the deployment of distributed energy generation units underground during war-
time offers several advantages, it also presents challenges, including the cost of con-
struction, maintenance, and the need for specialized expertise.

This qualitative parameter is assessed on three-level scale, assessing the potential for
camouflage and sheltering of a specific technology as:

Low, medium, or high potential. For the scope of this technology catalogue, technologies
which high camouflage and sheltering potential are favored.

1.1.32 P14: Risk associated with fuel supply

An essential consideration is the risk related to fuel, and potentially also spare parts sup-
ply, because of the challenging supply situation. Hence, technologies that require mini-
mal ongoing supplies after installation are preferred, such as renewable energy sources
that do not rely on fuels.

This qualitative parameter is assessed on three-level scale, assessing the risks associ-
ated with the fuel and spare part supply:

e Good: low risk associated, defined as no demand for fuel (e.g. PV and Wind); pre-
ferred

e Medium: medium risk associated, defined as demand for fuel that is local pro-
duced (e.g., biomass and coal);

e Bad: high risk associated, defined as demand for fuel that is not local produced
e.g., natural gas and oil;

APPENDIX B: LCOE CALCULATIONS

The calculation of the Levelized cost of electricity (LCOE), has been done by dividing the
expenditures into the following categories, capital expenditure, operational expenditure,
finance costs, fuel costs and CO, costs.

Every category supplies the expenditures per unit nominal power. This expenditure has
then been divided by the estimated production, which is going to be supplied by that unit
of nominal power, to obtain the LCOE.

The capital expenditure per MW power was supplied by the Danish technology cata-
logue. Specifically for the battery, it is assumed that the battery should be able to deliver
1 MW for 4 hours, when the battery is fully charged.
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The operational expenditure was derived by accounting for the fixed and variable opera-
tion and maintenance costs for the given technology’s entire lifetime. The whole fixed
0&M was derived by multiplying the annual fixed O&M with the technology’s estimated
lifetime. Both values were obtained from the Danish technology catalogue. The whole
variable O&M was calculated by taking the cost per unit power produced, which was
supplied by the Danish technology catalogue and multiplying it with the estimated power
production.

The estimated power production for wind turbines and photovoltaics, is described in the
chapters that describe how the PV and WTG production for each Ukrainian region is
mapped. For plants that rely on fuels, the expected full load hours are expected to be
3500 in the cold period and 5000 during the whole year. The battery is expected to
charge 4 hours during low consumption hours and discharge 4 hours during high con-
sumption hours.

The fuel costs have been calculated, by dividing the estimated power production with the
name plate efficiency of each technology, which gives the fuel consumption, and then
multiplying with the price of the fuel. The nameplate efficiency of the technologies is pro-
vided in the Danish technology catalogue and the fuel prices stem from the Socioeco-
nomic Calculation Assumptions provided by the Danish Energy Agency. Specifically for
the battery plant, it is expected that the plant will charge with power produced from coal
plants, as cheaper power plants will be used for baseload and the battery will not be ex-
pected to charge from peak load power sources. Therefore, the power price for the bat-
tery is expected to be the same as the marginal price for coal.

The CO»eq emission costs have been calculated, by multiplication of the emission per
MWh consumed fuel by fuel type, the fuel consumption and the price per emission. The
emission per MWh consumed fuel, originates from the Socioeconomic Calculation As-
sumptions provided by the Danish Energy Agency and the cost of emitted CO-eq is set
as 80€ per ton.

The finance cost is equivalent to what it would cost to finance the investment cost via a
loan with an interest rate of 10%.
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APPENDIX C: CROSS CUTTING ISSUES

1.1.33 Grid related issues

Operational challenges in the UA grid system

The current operational challenges in the UA grid system are characterized by frequent
alerts or even emergencies in several areas. When a system operates in islanding mode,
it is practicing being more robust against infrastructure disturbances. These disturb-
ances include:

i) Missile/drone attack on grid substations, transformer stations, transmission, and
distribution lines

i) Dropout of large demand facilities

i) Lack of information exchange capability in some areas

iv) Limited or temporary capability for control and monitoring of the grid system.

Recommended power generation technologies must have the capability to function in
grid scenarios with intentional islanding, operating in a more distributed and autono-
mous manner. This is essential due to potential disruptions in communication and moni-
toring capabilities, including dropouts and extended periods of no data connection. Addi-
tionally, attacks from hackers are quite intense in the UA data communication system.
Therefore, robustness requirements for information security should be one of the high-
est priorities for new power generating systems, in order to secure the power supply
even in isolated grid situations.

Challenges related to integration of renewable energy technologies.

To fully leverage the capabilities of variable renewable energy technologies, it is impera-
tive that the operational strategies of the transmission system operator are specifically
designed to manage these technologies.

Taking into consideration the aforementioned information an interview was conducted
with the transmission system operator “Ukrenergo”, which offered valuable insights into
their current operational practices. Based on the interview it appears that the current
practices are not favorable for the implementation of renewable energy. The following
will outline how.

The present operational planning and dispatching procedures lack the flexibility required
to accommodate changes in the operation of variable renewable energy (VRE) sources.
In order to ensure the optimal integration of VRE sources, such as wind and solar power,
it is essential to operate the system with maximum flexibility, as close to the time of pro-
duction as possible.

Adjustments to the balancing time window could potentially create a better VRE integra-
tion. While conventional generation portfolios typically operate with a planning window
of several days or even a week, portfolios with a significant amount of VRE often operate
with a planning window of less than an hour, sometimes as short as 5 or 15 minutes.

When addressing the necessity of flexibility, it is worth noting that hydroelectric power
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plants (HPPs) with dams and pumped storage are already installed in Ukraine. HPPs can
add a large amount of flexibility to the UA energy system. HPPs are already used as stor-
age systems for balancing and integrating variable renewable energy sources in parts of
the Northen and Central European energy systems.

Another issue brought op in the interview is the practice of curtailing solar generation in
September, this suggests that an optimal dispatching based on least cost may not be
currently applied.

The transition towards a more flexible power generating portfolio (more VRE) would re-
quire modernizing operational practices, e.g., to incorporate a better forecasting of VRE
to ensure a smart operation of the energy technologies.

1.1.34 Financial issues

Under the current situation there could be some special requirement related to the fi-
nancing. In the interviews some stakeholders mentioned that it can be difficult and ex-
pensive to get projects financed in UA because the accepted repayment period is low
and interest rates are high. Moreover, foreign investors such as IBRD (The International
Bank for Reconstruction and Development and IFC (International Finance Cooperation)
have stated that they are willing to invest during the war, however they will exclusively
invest and provide loans to foreign companies because it is easier to insure any risks
with foreign companies. Moreover, they expect support from the Ukrainian government
in creating a so-called Master Plan or General Plan and in developing the projects, along
with an Insurance Fund that would cover military risks.

1.1.35 Transformers

Transformers are a critical component in the transmission and distribution of power. In
the electrical supply the transformer changes the voltage of an alternating current. In
power generation plants, such as gas turbines, diesel generators and wind turbines, the
change of the voltage is essential to obtain the same voltage as that of the grid, to which
the plants are connected. The voltage levels of the grid depend on specific designs, but
typically the further that power is transmitted, the higher the voltage levels.

Furthermore, transformers are also used to step down the power levels, to stages until it
matches the power level of the consumer.

Because transformers are needed to couple the plants with a specific electrical grid,
transformers can become a limiting factor for the different power producing technolo-
gies.

Transformers come in many complexities and capacities. They can be supplied in modu-
lar forms or be tailor made to the given plant. The general categories are provided below.
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Apparent

Category power rating

Weight Description

Small transformers <500 kVA  1kg — 2 tons WIS SRS US2) ) e En-

tial neighborhoods
Medium transform- '
ers — 500 kVA - Transformers used in substa-
1-15 tons .
o . 10 MVA tions — Step down
Distribution grids
Medium transform- 1 MVA sl - c
ers — - i sed for smaller plants — Step
50 MVA 5-100 tons -
Plants
Used for major substations
Large transformers 50 MVA < 70-400tons and power generation plants

-Step up

Table 19 : Transformers categories and their key parameters

The weight, shape and size can limit the use case for different transformers in Ukraine.
Some cannot be transported across bridges due to their weight and some might have
the wrong size to transport.

The weight and shape and size depends on whether the transformer is dry type or oil im-
mersed, the oil immersed is anticipated to be most relevant in this context.

The delivery time of a transformer might pose a hinderance to the completion of a pro-
ject, even though that gas turbines, diesel generators, wind turbines etc. are available, it
might not be plausible to couple them to the grid, therefore the delivery time of the trans-
formers needs to be taken into consideration. The delivery time of large transformers is
estimated to around 1-2 years whereas small transformers may be supplied within a

couple of weeks.
Category Time estimates for delivery

Small transformers 2 weeks

Medium transformers —

40 weeks
Distribution grids
Medium transformers —

20-28 weeks
Plants
Large transformers 1-2 years

Table 20: Estimated delivery time per transformer’s category
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APPENDIX D: METHODOLOGY FOR DETERMINING
PV RESOURCE POTENTIALS IN UKRAINE

Calculation methods and assumptions for the charts

This section refers to the Figure 11 that shows the expected annual PV generation (MWh
per MW installed capacity) in different regions of Ukraine. The maps are set up calculat-
ing the generalized power generation from photovoltaics, in the different Ukrainian re-
gions, a raster map covering all of Ukraine from Global Solar Atlas was used. The raster
map of Ukraine contains the yearly average potential production [kWh/kWp], covering
the period between 1994-2018, given in a pixel containing the average value. Each raster
pixel is given in a resolution corresponding to a measurement per approximately 650 m.
The potential production average is based on the average theoretical production, which
is based on solar irradiance measured by geostationary satellites and the theoretical
power production of a free-standing photovoltaic power plant, with stationary modules
mounted at the optimal tilt in order for the modules to obtain a monthly maximum power
production at the specific site.

Through Quantum Geographic Information System (QGIS), the values of the raster layer
have been aggregated as an average for each Ukrainian region, so that the annual poten-
tial production average of photovoltaics [kWh/kWp] is given for each Ukrainian region.

This section refers to Figure 10 that shows the expected wintertime PV generation
(MWh per MW installed capacity) in different regions of Ukraine. To calculate the aver-
age potential production of photovoltaics in the winter period, October to March, multiple
raster maps from Global Solar Atlas was used. These raster maps contained the daily
potential production average from 1994-2018, for each of the corresponding months.
Meaning that the daily values, was an average aggregate of the days in the correspond-
ing month. Therefore, the daily values for each month, was calculated for each Ukrainian
region and the average daily values for each Ukrainian region were multiplied by the
number of days in the corresponding month and the summarized with the potential pro-
duction of the other months in the cold period, where the monthly values were obtained
in the same manner.

This calculation was also done for all of Ukraine, and the average power production of
the photovoltaics in all of Ukraine, on an annual basis and during the cold period, was
used as the estimated power consumption in the LCOE calculation.

As large photovoltaic power plants might be easily targeted by artillery and close-range
ballistic missiles (CRBM), a buffer zone of 100km and 280km was applied from Russian
controlled areas and Belarus, accounting for the longest range of Russian artillery and
CRBMs. These two means of attack are considered, as the projectiles might be harder to
intercept for the Ukrainian missile defence system.
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APPENDIX E: METHODOLOGY FOR DETERMINING
WIND RESOURCE POTENTIALS IN UKRAINE

To calculate the generalized power generation from wind turbines, in different Ukrainian
regions, a raster map covering all of Ukraine was used. The raster map originated from
Global Wind Atlas. The raster map contains the yearly capacity factor of wind turbines in
the class IEC2'". This capacity factor has been derived through the calculation of power
curves of IEC2 classes in relation to wind speeds that have been modelled through GWA
version 3, which uses ERAS datasets that has been supplied by the European Centre for
Medium-Range Weather Forecasts. The ERAS datasets are obtained through satellite
measurements, that has been validated by radar measurements. The capacity factor is
based on the average aggregate of the wind speeds between the year 2008-2017. The
capacity factor is given as a pixel containing a value, which has a resolution correspond-
ing to the approximate distance of 200-250 meters between each measurement.

Through QGIS, the values of the raster layer have been aggregated as an average for
each Ukrainian region, so that the annual capacity factor of the turbines in class IEC2
have been given for each Ukrainian region. Through the capacity factor the full load
hours of the wind turbines was calculated, by using the wind turbine provided in the tech-
nology catalogue as a reference. The generating capacity for that wind turbine is 4,2MW,
with a hub height of 85m and rotor diameter of 130m. The raster map, containing the ca-
pacity factor of IEC2 class turbines was used, as the wind turbine in the technology cata-
logue is a IEC2 class turbine, which means the wind profiles fit.

In order to calculate the full load hours of wind turbines in each Ukrainian region during
the cold period, October to March, an hourly wind profile for 2019 from Renewables
Ninja was assessed. It was concluded that 51% of the full load hours occurred during the
cold period. This percentage was then used to calculate the full load hours for each re-
gion in Ukraine, during the cold period, by time multiplication for each region.

This calculation was also done for all of Ukraine, and the average power production of
the wind turbines in all of Ukraine, on an annual basis and during the cold period, was
used as the estimated power consumption in the LCOE calculation.

As wind turbines might be easily targeted by artillery and CRBMs, a buffer zone of
100km and 280km was applied from Russian controlled areas and Belarus, accounting

" IEC Class 1 turbines are generally for wind speeds greater than 8 m/s. These turbines are
tested for higher extreme wind speed and more severe turbulence.

IEC Class 2 turbines are designed for average wind speeds of 7.5 m/s to 8.5 m/s.

IEC Class 3 turbines are designed for winds less than 7.5 m/s. These turbines will need a larger
rotor to capture the same amount of energy as a similar turbine at a Class Il site. Source:
https://www.Imwindpower.com/en/stories-and-press/stories/learn-about-wind/what-is-a-wind-
class
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for the longest range of Russian artillery and CRBMs. These two means of attack are
considered, as the projectiles might be harder to intercept for the Ukrainian missile de-
fence system.

APPENDIX F: DATA SHEETS

Data sheets is attached in a excel sheet.

APPENDIX G: LOCAL CONSIDERATION

Local consideration for PV residential rooftop in Ukraine

In Ukraine, consumers can install electricity generation units for self-consumption with-
out a license, if they do not supply excess energy to the Wholesale Electricity Market or
other networks. They can also use energy storage systems without a license, provided
they don't release stored energy into the Wholesale Electricity Market or other networks.
Households with feed-in tariff agreement can sell their electricity to the universal service
provider, while other consumers, including energy cooperatives, can sell to the off-taker
(i.e., The Guaranteed Buyer).

In June 2023, Ukraine passed Law'? No 3220, introducing the concept of an active con-
sumer (prosumer) and enabling them to qualify for the net billing support scheme. An
active consumer status is achieved by signing electricity purchase and sale agreements
under the self-generation mechanism, agreements with guaranteed buyers or universal
service providers for selling electricity at a feed-in tariff, or by installing an energy stor-
age system for participation in ancillary services and the purchase/sale of stored elec-
tricity. Under the net billing mechanism, if a household uses an energy storage system,
electricity sales occur at the market price (e.g., 0.071 EUR/kWh in June 2023).

Law No 3220 aims to encourage private households to install renewable energy generat-
ing units through self-generation mechanisms. To achieve this, a state target economic
program was planned, but it hasn't been adopted by the Cabinet of Ministers as of Octo-
ber 2023. The program should motivate private households to install generating units up
to 10 kW, along with energy storage systems at a ratio of 1 kW capacity to at least 0.5
kWh storage capacity. Stimulation measures for households could come in two forms:
the feed-in tariff and the net billing system.

Local consideration for PV commercial, industrial, and public rooftop in Ukraine

In Ukraine, accompanying non-residential PV rooftop with battery storage, particularly for
non-industrial purposes, is considered due to energy security measure. In the national

level, Law 3220 has been enacted, focusing on net-billing and related issues. In the com-
mercial and public sectors, this law is anticipated to encourage solar station installations
by enabling surplus electricity feed-in and withdrawal as needed, potentially boosting the

12 https://zakon.rada.gov.ua/laws/show/3220-20#Text : The Law of Ukraine regarding restoration
and "green" transformation of the energy system of Ukraine.
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solar energy sector.

Once Law 3220 is enforced, the process of feeding surplus electricity from non-residen-
tial PV rooftop into the grid will require coordination. Unusual scenarios, such as multiple
power lines for non-residential facilities like hospital complexes, where several buildings
are connected to separate lines linked to the distribution system operator substation,
may pose challenges. In such cases, transferring electricity between buildings without
the involvement of the distribution system operator might not be feasible, necessitating
the installation of a separate cable line. For example, if solar panels are installed on one
building, and excess capacity is available to power nearby buildings, technical coordina-
tion with the distribution system operator may be necessary. In practical terms, facilities
like hospitals and public buildings, which can only meet a portion of their electricity
needs with solar panels, may not find it beneficial to pursue a Feed-In Tariff arrange-
ment. While using batteries for energy storage is desirable, the absence of economic in-
centives currently discourages their installation.

Amidst the war's impact on Ukraine's energy infrastructure, the EU has launched the
'Ray of Hope" project, planning to donate 5,700 PV panels to the country. These panels
will be primarily deployed in critical infrastructure sites such as hospitals, fire depart-
ments, and schools. Each site's installed capacity will not surpass 2 MW, contributing to
energy resilience and support for vital services during these challenging times.

Local consideration for PV utility-scale in Ukraine

The government's current drive to encourage market participation encounters resistance
from some companies due to market uncertainties, ongoing warfare, and price re-
strictions. These factors pose substantial barriers to investment in the renewable energy
sector.

To genuinely establish a sustainable renewable energy infrastructure and seamlessly in-
tegrate it into the power grid, comprehensive planning, well-defined mechanisms, long-
term investment safeguards, and robust support mechanisms are essential. It's widely
acknowledged that the predominant risk currently is the ongoing war, further emphasiz-
ing the importance of comprehensive insurance solutions. Addressing this risk requires
collaborative efforts between the state and businesses.

According to the interviewed local experts, there are around 650 licensees for large-scale
solar PV installation in Ukraine, with approx. 40 professional companies working in the
field.

In Ukraine, the construction of utility-scale solar power installations can be accom-
plished relatively swiftly. The construction time for a turnkey 1T MW station is approxi-
mately three months, while a larger station with a capacity of 10-15 MW typically takes
around five months. For instance, the DTEK Pokrovska Solar Power Plant, which in-
cluded 240 inverters and 320 panels, was successfully built in just nine months. The
construction teams worked on-site, sometimes using robotic assistance, even during
nighttime hours, with three different contractors involved in the project. This experience
has enabled Ukrainians to develop both speed and quality in solar power construction,
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as they have learned from previous mistakes and continually improved their practices.

Large-scale solar installations offer a considerable advantage in terms of physical pro-
tection during military hostilities. These installations are distributed over extensive terri-
tories, making it highly impractical and costly to destroy them through direct attacks. In
case of direct hits, only individual modules, such as 100 kW of panels, may require re-
placement, and the overall station can continue functioning. Potential issues might arise
at the substations, which are now often containerized and can be easily installed and
connected. Solar stations, as a technology, exhibit inherent resistance to warfare, and it
is typically neither sensible nor economical to deploy air defence systems to protect so-
lar parks.

Instances of solar station damage have primarily occurred in occupied territories or ar-
eas where direct military actions have taken place, such as tank movements or rocket
strikes, or in areas where there were suspicions of hidden activity. Solar power technol-
ogy has shown its resilience in the face of adversity. A 3.9 MW solar plant located in
Ukraine's Kharkiv region, the largest utility-scale solar station in the area, was partially
damaged during a Russian missile attack on May 28, 2022. Despite the damage to 416
solar panels and four inverters, the station was able to partly resume operations. The
staff managed to disconnect the damaged components, allowing the plant to contribute
1.8 MW of clean electricity to the grid. This solar plant is situated 30 km south of Kharkiv
and provides power to the city of Merefa, serving as an example of distributed genera-
tion aimed at supplying energy to a small town. The station features Talesun 325 W PV
modules and 27 kW Fronius ECO 27.0-3-S string inverters, showcasing its capacity for
resilience despite typical damage caused by rocket or projectile impacts in the region.
The solar park’s unique foundation on a swampy area using geo-screws allowed it to
withstand local damage to supporting structures following the missile attack.
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Figure 25: The Merefa solar park in Kharkiv region partially damaged by Russian attacks. Photo by:

Solar Generation




Figure 26: Solar Park in Kharkiv partially damaged by Russian attacks. Photo by: Solar Energy Asso-
ciation of Ukraine

According to local experts, the supply of equipment to Ukraine for solar power projects
does not appear to be affected by the ongoing war. Equipment has been imported and
transported by truckloads, even for larger installations up to 7 MW parks. Additionally,
imports through Romania using Romanian ports have been utilized without significant
issues. Solar power projects have been able to receive the necessary equipment from
these sources and successfully build and connect their installations.

According to local experts, the construction of a solar station in Ukraine typically takes
an average of 3-4 months. For a larger installation like a 5 MW station, it might take up to
six months. In terms of project development speed, Ukraine is more efficient than Eu-
rope, although there are specific nuances that need to be addressed. However, due to
the ongoing war and past issues with government commitment fulfilment, companies
may face challenges in accessing financial resources.
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URGENT TECHNOLOGY CATALOGUE FOR THE UKRAINIAN POWER SECTOR
DECEMBER 2023 — VERSION 1.2

This Technology catalogue is made with inputs from many Ukrainian experts and from
experts from the following international and Danish organizations:

- MAN Energy Solutions

- RWE Scandinavia

- TOWII Renewables

- Better Energy

- Hybrid Greentech Energy Intelligence

- ABB - Hitachi

- Schneider Electric

- SGB Smit

- Siemens Energy

- BWSC
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LIST OF ABBREVIATIONS

Abbreviations Definitions

€ Euro

AC Alternating current

BOS Balance of System

LCOE Levelized cost of electricity

CAPEX Capital expenditure

CBRM Close-range ballistic missiles

CHP Combined heat and power

CO2 Carbon dioxide

DC Direct current

EIA Environmental impact assessment
ESCO Energy service companies

ESS Energy storage systems

EUR Euro

FGT Flue gas treatment

FLH Full load hours

GW Gigawatt

HPP Hydro power plant

HPP Hydroelectric power plants

HVAC Heating, ventilation, and air conditioning
IBRD International Bank for Reconstruction and Development
IEC International Electrotechnical Commission
IFC International Finance Cooperation

kg Kilogram

kW Kilowatt

KWe Kilowatt electric

kWh Kilowatt-hour

LCOE Levelized Cost of Electricity

LIB Lithium-ion batteries
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LTE Life time extension

m Meter

m? Square meter

MoE Ministry of Energy

MW Megawatt

MW, Megawatt electric

MWh Megawatt-hour

MWp Megawatt power

MWth Megawatt thermal

NCSREPU National Commission for State Regulation of Energy and
Public Utilities

NG Natural gas

NOXx Nitrogen oxides

O&M Operation and maintenance

OPEX Operating expenses

ORC Organic Rankine cycle

P1, P2, etc. Parameter 1, Parameter 2, etc.

PCED Project and Cost Estimate Documentation

PJ Petajoule

PPA Power purchase agreement

PV Photovoltaics

Q Implementing speed (how quick this could be done)

R The resilience of selected technologies

RoR Run of river

S Second

SCR Selective Catalytic Reduction

TEFS Technical and Economic Feasibility Study

TMS Thermal management system

TSO Transmission system operator

UA Ukraine, Ukrainian

UDEPP Ukraine-Denmark Energy Partnership Programme
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UNDP United Nations Development Programme
UPS Uninterruptible power supply

VRE Variable energy resources

W Watt

W Winter impact

Wh Watt-hour

WHE Waste to Energy

WTG Wind turbine generator
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